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This Supplementary Appendix presents detailed proofs of the theorems, corollaries,
and lemmas that appeared in the main text, including the full expressions of the two

‘Hessian’ matrices. It also presents a more comprehensive set of Monte Carlo results.

Proof Theorem 2.1: The proof of Theorem 2.1 follows closely the proofs of Theo-
rems 3.2 and 3.3 of Yang (2018a), and is typically simpler as under H{ the model becomes

simpler. The Hessian matrix H*(¢) = 8%/5* (1) used to estimate ¥*(¢)y) is given in Yang
(2018a, Proof of Theorem 3.2), but three components, Hy ,, H},

as Hin (1) is asymmetric in (p, A1, Ay). The full expression of H*(¢) is reproduced here

. -
and H3,, are missing

to facilitate the applications.

Hiy = — 3 AX'QTIAX, Hy o = =2 Au(0) Q7 Au(f) + 251,
Ho = —HAX'Q7Au0),  Hjy, = = LAY, WHQ Au(0),

Hp, =—ZAX'QTIAY ., Higy = g Au(9) Q7 Au(0),

Hf\, = —5AX'O'WIAY,  Hj, =-LAY ,Q7AY +6(CT'D ),

Hpy, = —JigAX'Q—lngy_l, H*

=~ AYQTIWIAY +tr(CTID ),

Hj,, = 2 AX'Q7 Au(), HYy, =~ 5AY Q7" WHAY ; + t(C7'D_y,y,),

Hyy, = =1 AY, Q7 Au(0), A =~ AY'WIQTTWIAY + t1(C7 1Dy, W),
HYyy = = HAY'WIQTIAW0), HY,,, = —5AY'WIQ TWoAY  + tr(CID,, W),
Hy\ =AY Q7 Au(d), Hy,\, = =5 AV, WHQT W AY; + tr(C7' Dy ), Wa),

H} \, = éAY’W’lQ_lAu(G), H},\, = =52 Au(0) [C7" @ (WiW3)]Au(9) — (T - 1)tx(G3),
H},\, = UigAyilng—lAu(e), Ap =~ AYL QTTWIAY + £1(CTID, W),
Hy,, =3 AY Q7 "WoAYL ) + tr(C7 Doy, W),

Hy,\, = = B AY'WIQ I WRAY | + tr(C1D 5, Wa).



where the ‘missing components’ follow from symmetry, i.e., Hj; = Hf, H;Z = % 2y H3,, =
_ _ : 1 9 1_ 1

H;/\S,H;S/\l = Hj ,,,and HY , = HA2)\37andQ = % Q- —C ®A3, D_1, = 8wD,l

and D, = B%D, w = p, A1, A2. The exact expressions of the latter two can be easily obtained

from the expressions of D(p, A1, A2) and D_;(p, A1, A2) given in the main text.

Proof of Corollary 2.1: The quantities needed for evaluating the AQS function
defined in (2.4) of the main text becomes: II; = - C 1AX I, = UTC B AX],
3 = -3 C "W, AX 3, I, = - C 1WQIB% 1AX[, <I>1 = C L ®y= é C'B_,, &3 =
%OC 1W1, o, = UTC 1W2]B 1, ®5 = [C e (W) + Wg)] U, = U—gOC IR_,, ¥y =
0, I3 = 5C~ 1W2R_1, R, = blkdlag(]n,O 50), By = 17, ® I, and I}_; is

v0
a (T — 1) x (T — 1) matrix with elements 1 on the positions immediately below the

diagonal elements, and zero elsewhere. Further, By = 0,,, and hence Dy = —C' ® I,, and
D,10 = —Cfl X In, where

-1 0 0 00 0
2 —1 0 00 0
c,—| -1 2 -1 00 0
0 0 0 - 02 —1

(T—1)x(T-1)

These show that with vy = (4, 040, 0,0,0,0)’, all the & and ¥ matrices are either of the
form A® I, or AQ W for some (T'—1) x (T'— 1) matrix A and a spatial weight matrix W
satisfying Assumption D. Thus, E[S*(¢0)] = 0 even when the errors are heteroskedastic.
Hence by Lemma A.5 of the main text, we have —=S*(¢) L N0, limy, o0 1% (¢00)].

By the mean value theorem (MVT), one easily shows that — [S H()—SE(1o)] = 0p(1),
where ¢ = (3,52%,,0,0,0,0) and we note that the OLS estlmators 3 and 2, are robust
against unknown heteroskedasticity {h,; }. Now, since by (2.12) of the main text S* (1) =
> &, where {g;, F,,;} form a vector MD sequence, we have + Y7 [g;g] — E(g;g])] =
0p(1) by Lemma A.6 of the main text. By MVT and the consistency of 3 and 52,, one
shows that + " (88 — 8i&)) = 0,(1) under heteroskedasticity. Finally, it is easy to

show that plim (K — A) =0, using the simplified expression of H*(¢)) and MVT.

n—0o0

Proof of Lemma 2.1: Consider the AQS vector S*(3,02, p) for the DPD model,
and the concentrated AQS function which defines p under Hg'™:

Si5(p) = == AT (p)CIAY 4 1 — A725),

53(p) l-p  T(1-p)?
where Ad(p) = AY — pAY_, — AXB(p), B(p) = (AX'C'AX)TAX'CHAY — pAY_,)
and &3 (p) = AU (p)C~AD(p).
Define S*(3,02, p) = E[S*(8,02,p)]. Given p, S*(3,02,p) = 0 is partially solved at
B(p) = (AX'CTAX)'AX'CH(EAY — pEAY.;) and %(p) = +E[Av(p)C~'Av(p)],
where Av(p) = AY —pAY_;—AXB(p). Substituting 3(p) and 52(p) back into S*(3, 2, p)



gives the population counter part of Sy5y(p) as
SglgD(p) = 5%1(

By Theorem 5.9 of van der Vaart (1998), p will be consistent if (¢) inf ,,— ¢ | Sgep ()| >

0 for every € > 0, and (i7) sup ey %N|S§§D(p) — Sz (p)| == 0, which are straightforward.

SEIAY (p)CTIAY ] + (v — gl )-

1—p T(1—p

The asymptotic normality can be proved using Lemma A.5.

Proof of Corollary 2.2: First, with ¢y = (8o, 0%, po,03)" it is easy to show that
E[S*(¢9)] = 0 under the general heteroskedasticity {h,;}. By Lemma A.5, one shows
that \/LNS*(@DO) L, N(0,I*(ty)). By Lemma A.6, one shows that - >" (g8 -
E(gig))] -2, 0. By the mean value theorem, and v/N consistency and robustness of (3,

62 and p against unknown heteroskedasticity {h,;} as shown in Lemma 2.1, we have

F[95(4) = S3(vo)] == 0 where ¢ = (3,62, ,05), and % 27", (8.8, — 8i&7) — 0.

Finally, using the simplified expression of H*(¢)) and MVT, we show plim /N\—A) =

n—00 (

Proof of Theorem 2.2: The proof is similar to that of Theorem 2.1. The partial
derivatives of S°(d) required to estimate the components of 32 _(dp) and ¥ (d) can be

obtained though numerical differentiation, as the dimensions of ¢ and 7 are very low.

Proof of Theorem 3.1: The proof is similar to that of Theorem 2.1. The Hessian
matrix Hy(¢) = d?b’ Sg (1) used to estimate Xg;; () is given in Li and Yang (2020, Proof
of Theorem 3.2), but the asymmetric components are missing as Hj (1) is asymmetric,
except the (8,02%) block. The full expression of H;(¢) is given here to facilitate the

applications.

Hyy = —ULgAX’Q—lAX, H , = —-L5AX'Q71Au(d) H

_ 1 -1
5 o2 0_;4) 5 ﬁp — _?gAX,Q Ay_l7

Hjy, = —HAX'QIWIAY,  Hjy, = - 5AX'QIWLAY., Hj, o = HAX'Q 1 Au(0),

Hpy o = gorAu(0) QM Au(l), Hp, = —4AY,Q7'Au(l),  Hp, = - ZAY'WiQ 'Au(d),
HY,, = — 2 AV, WH0TIAW(),  HYy o = — S Au(0) Q7 Au(6) + "G,

Hy, =—5AY Q7 'AY. + L[AW(0)E,Au(f) — AY, (B, + E))Au(6)],

Hyy\ = —5AY QT "WIAY + L [Ad (0)E,\, Au(f) — AY'W/(E, + E)Au(9)),

Hjy, =~ AYL Q7T WRAY  + S[AY (0)E,x,Au(f) — AY’ \WH(E, + E,)Au(0)],

Hpy, = HAY Q7 Au(6) + AW (0)E ) Au(b),

H}, ), = — 2 AYWIQT ' WIAY + 5L[AW/(0)Ex», Au(9) — AY'WI(Ey, + E) )Au(0)],
H}, ), = — 2 AYWIQT ' WoAY + S[AW(0)E), 5, Au(9) — AY/; WH(Ey, + E) )Au(6)],

Hj ), = 2 AY'WiQ 1 Au(f) + 5 Au/(0)Ex, »; Au(6),



H; ,\, = —U%%AYLlW’QQ_lWQAY,l + %[Au’(G)EAQ anAu(d) — AY! WhH(Ey, + By )Au(6)],
H},\, = =AY W0 Au(0) + 5 AW (0)E),», Au(b),
H,\, = 502 Au(0) [C71 © 2WiW5 + By, )] Au(f),
H},, = =AY Q7 "WIAY + L[AW/(0)Ey, ,Au(f) — AY (Ey, + E} )Au(9)],
H},, = — 5 AY Q7 "WHAY_ | + 5 [Au/(0)Ey,,Au(9) — AY (Ey, + Ef)Au(8)],

fon =~ AYWIQT WLAY + L[AW(0)E), ), Au(d) — AY'WY(Ey, + E),)Au(6)],
H,, = ﬁAYLl[C” ® (A-Ey)Au0), Hj, = %AY’W&Q*lAu(G),

H3 5\, = gigAYQWIQQ_lAU(H)a H,=Hp, — O%z}AU(H)/Ean w = p, A1, As,

H: . =HY% — LAu(0)E,Au(f), w=p, A1, A3,
fos = —2Au(0)[CTM @ (A= Ey\)X, Hy »=—51Au(0)[C~" @ (A-E\)Au(0),

where Q71 = £-071 B, , = ZE,, 7,0 = p, A1, Ao, A3, and

E,=0Q"'C'D_, E,, =0'C'D_,, E,, =Q71C7'D_;,,

E,, = Q7 'C7'D_;,  E),, =Q'C'WD,,, Ey ), = Q7'CT'W Dy,
Eyxy = Q'CT'WD, Ey,, = Q 'IC'WyD_y,,, Ey, =Q 'C'WyD_y,
Ey,=Q"'C7'WiD,, E,,,=0"'C'WyD_;,, Ej\ =0 'C'WyD_,,,,
En, = 2[Bsdiag(G3) — Widiag(Gs)|diag ™ (B3 ') + 2Bydiag(Gs)dsn,,

dsy, = g-diag ™' (By ') = —diag™' (B ') diag(B; 'W3B; ' )diag ' (B ).

Monte Carlo Results: Tables 1 and 2 present the empirical sizes and the size
adjusted power of the test H{® : 6 = 0 with 7" = 3 and 6, respectively; Tables 3 and 4
present the empirical sizes and the size-adjusted power of the test HY™® : A = 0 with 7' =3
and 6, respectively; and Table 5 presents the empirical sizes of the test HJ®® : A\; = Ay = 0.
For the DGPs, 1 = Normal Error, 2 = Normal Mixture (standardized), and 3 = Lognormal
(standardized). For the fives tests: 2 = Ty, 3 = Ty and 5 = Ty are the three tests

introduced in the main text; 1 = naive LM test, and 4 = another naive test.
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Table 1: Emprical Size and Power of Tests H,: 6 =0 vs H,: 8 = (.06, .06, .06, .06), T=3
(a) Rook Contiguity, CH-0

Empirical Size (H, true) Size-Adj Power (H, true)

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.66 3.18 15.24 8.31 1.92 34.90 22.36 8.30
50 1 2 5.92 4.10 25.42 16.23 5.27 30.22 18.64 4.52
50 1 3 5.19 3.52 20.91 12.34 3.44 33.42 21.42 7.16
50 2 1 4.37 2.98 12.63 6.67 1.31 34.82 21.84 7.90
50 2 2 5.23 3.68 19.33 11.47 3.3 28.84 17.82 3.86
50 2 3 4.72 3.24 16.86 9.35 2.32 33.04 20.50 7.36
50 3 1 4.01 2.60 8.81 3.64 0.41 33.26 20.24 5.18
50 3 2 4.03 2.42 7.37 2.64 0.26 40.56 29.40 9.74
50 3 3 3.99 2.46 8.56 3.24 0.31 34.80 22.82 8.92
50 4 1 4.76 3.20 16.15 8.93 2.16 33.74 21.66 6.98
50 4 2 6.34 4.43 29.69 19.70 7.74 26.60 15.76 4.06
50 4 3 5.47 3.75 23.00 13.90 4.12 29.00 17.22 5.48
50 5 1 4.42 2.97 13.04 6.64 1.42 32.50 20.72 7.06
50 5 2 5.51 3.87 22.55 13.99 448 26.44 16.38 4.48
50 5 3 4.92 3.39 17.78 10.16 2.56 28.86 17.48 5.64

100 1 1 4.37 3.03 12.10 6.52 1.52 56.86 42.92 21.90
100 1 2 5.13 3.71 19.58 11.61 3.54 52.26 39.04 15.20
100 1 3 4.68 3.31 15.76 8.88 2.4 53.58 39.90 17.08
100 2 1 4.22 2.93 10.85 5.64 1.21 57.36 42.94 21.52
100 2 2 4.73 3.44 16.38 9.20 2.49 49.10 36.18 13.68
100 2 3 4.42 3.14 13.68 7.48 1.71 53.10 39.16 16.10
100 3 1 4.02 2.68 8.86 4.12 0.65 56.78 41.94 20.06
100 3 2 3.97 2.55 8.07 3.51 0.36 62.22 50.28 26.02
100 3 3 3.98 2.60 9.16 3.99 0.53 57.96 44.20 22.48
100 4 1 4.52 3.14 12.83 6.89 1.64 52.00 38.70 16.08
100 4 2 5.54 4.03 22.10 13.90 4.87 43.32 30.42 12.34
100 4 3 4.88 3.46 17.02 10.12 2.94 45.34 32.48 12.44
100 5 1 4.35 3.01 11.51 5.97 1.27 52.20 38.60 16.52
100 5 2 5.04 3.62 17.79 10.82 3.25 43.50 29.16 11.90
100 5 3 4.58 3.25 14.30 7.97 2.06 44.98 31.82 12.94
200 1 1 4.14 2.94 10.84 5.61 1.21 87.04 78.68 57.64
200 1 2 4.54 3.29 14.94 8.32 2.24 84.08 74.94 51.10
200 1 3 4.33 3.14 12.81 6.62 1.52 86.30 76.22 51.62
200 2 1 4.06 2.89 10.20 5.13 1.14 87.22 78.42 57.72
200 2 2 4.32 3.13 13.04 7.02 1.75 80.90 71.40 45.32
200 2 3 4.18 3.03 11.62 5.88 1.31 85.12 74.32 49.14
200 3 1 3.95 2.75 9.19 4.34 0.79 86.84 77.74 55.94
200 3 2 3.90 2.60 8.76 3.94 0.54 88.20 80.56 63.26
200 3 3 3.94 2.72 9.19 4.06 0.63 87.68 79.32 58.20
200 4 1 4.28 3.06 11.91 6.16 1.45 81.20 70.64 46.40
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200 4 2 4.86 3.58 17.63 10.87 3.22 71.26 58.98 33.42
200 4 3 4.57 3.31 14.57 7.98 1.96 77.44 65.22 38.96
200 5 1 4.19 2.99 11.00 5.71 1.29 81.08 70.82 46.46
200 5 2 4.58 3.35 15.30 8.90 2.49 69.38 57.16 30.48
200 5 3 4.38 3.16 12.87 6.96 1.65 76.46 64.10 37.12
500 1 1 4.06 2.86 11.24 5.79 1.1 99.84 99.58 97.78
500 1 2 4.29 3.04 11.93 6.41 1.55 99.74 99.52 97.58
500 1 3 4.13 2.90 10.73 5.31 1.31 99.90 99.66 98.00
500 2 1 4.03 2.84 10.98 5.60 1.06 99.84 99.58 97.78
500 2 2 4.18 2.97 11.08 5.83 1.28 99.62 99.24 96.34
500 2 3 4.06 2.86 10.10 5.05 1.22 99.88 99.60 97.68
500 3 1 3.98 2.78 10.44 5.20 0.91 99.82 99.58 97.86
500 3 2 3.99 2.71 9.50 4.41 0.65 99.80 99.60 98.34
500 3 3 3.96 2.72 9.02 4.28 0.92 99.92 99.72 98.48
500 4 1 4.22 2.97 11.69 6.24 1.31 99.56 98.96 94.60
500 4 2 4.51 3.22 14.30 8.12 1.9 98.22 96.14 86.70
500 4 3 4.30 3.03 11.90 6.44 1.69 99.12 97.98 92.02
500 5 1 4.18 2.94 11.44 6.00 1.25 99.58 98.92 94.72
500 5 2 4.37 3.11 13.26 7.22 1.53 97.88 95.46 84.40
500 5 3 4.21 2.96 11.22 6.06 1.48 98.96 97.80 91.12
(b) Rook Contiguity, CH-I
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 5.60 3.83 23.87 15.02 4.79 29.42 19.16 5.88
50 1 2 7.10 5.07 34.99 24.86 11.22 23.88 13.64 2.94
50 1 3 6.34 4.45 30.55 20.68 7.9 26.86 15.22 4.64
50 2 1 5.00 3.44 18.49 11.15 3.03 29.58 18.76 5.26
50 2 2 6.06 4.44 26.47 17.82 6.98 23.98 13.64 2.84
50 2 3 5.51 3.89 23.54 14.80 4.95 27.00 16.18 4.92
50 3 1 4.04 2.46 8.21 3.29 0.35 32.78 21.42 6.28
50 3 2 4.04 2.34 7.13 2.48 0.21 39.72 28.24 11.36
50 3 3 4.04 2.37 7.88 2.78 0.14 33.44 22.24 7.62
50 4 1 5.71 3.87 24.58 15.77 5.45 28.02 18.40 5.66
50 4 2 7.74 5.67 39.41 29.30 14.91 20.80 10.54 1.96
50 4 3 6.63 4.74 33.01 22.69 9.51 24.22 13.94 3.38
50 5 1 4.95 3.32 18.03 10.49 2.86 28.30 18.44 6.20
50 5 2 6.36 4.65 29.23 19.92 8.48 22.98 12.28 2.62
50 5 3 5.58 3.91 24.25 15.36 5.07 24.76 15.48 4.66
100 1 1 4.81 3.48 16.11 8.98 2.27 55.48 41.44 17.54
100 1 2 5.60 4.11 23.69 15.09 5.71 54.02 40.24 18.52
100 1 3 5.11 3.66 18.94 11.36 3.6 54.82 39.98 17.12
100 2 1 4.51 3.27 13.84 7.23 1.6 53.88 39.48 16.98
100 2 2 4.99 3.67 18.68 11.44 3.67 48.22 34.00 15.36



SMU Classification: Restricted

100 2 3 4.66 3.36 15.46 8.91 2.5 52.62 36.98 15.78
100 3 1 4.08 2.74 9.42 3.97 0.46 59.56 47.38 22.74
100 3 2 3.93 2.49 8.08 3.55 0.31 68.72 58.70 35.76
100 3 3 3.96 2.55 8.26 3.38 0.52 65.26 52.02 29.54
100 4 1 4.94 3.54 17.03 9.91 2.61 49.92 36.44 15.08
100 4 2 6.27 4.85 28.79 19.93 8.36 42.20 28.48 7.58
100 4 3 5.42 3.97 21.62 13.44 4.76 45.68 31.98 11.06
100 5 1 4.56 3.25 13.78 7.55 1.71 49.24 35.84 15.90
100 5 2 5.35 3.96 22.36 14.13 491 41.46 28.50 9.78
100 5 3 4.81 3.45 16.65 9.66 2.88 44,96 30.88 13.60
200 1 1 4.46 3.17 12.79 6.99 1.6 80.72 69.80 45.70
200 1 2 5.15 3.78 18.74 11.63 3.85 80.54 67.86 37.42
200 1 3 4.67 3.44 15.29 8.96 2.6 81.46 70.04 39.88
200 2 1 4.28 3.04 11.58 6.03 1.29 80.28 69.00 45.40
200 2 2 4.74 3.50 16.01 9.34 2.79 75.48 60.50 30.18
200 2 3 4.38 3.20 13.33 7.57 2.02 79.60 67.54 37.00
200 3 1 4.01 2.70 9.43 4.45 0.63 82.76 73.48 47.38
200 3 2 4.03 2.61 9.41 4.13 0.61 86.44 78.42 55.24
200 3 3 3.90 2.56 9.60 4.24 0.62 86.30 78.10 55.30
200 4 1 4.57 3.20 14.08 7.63 1.88 75.02 64.76 39.70
200 4 2 5.62 4.37 22.78 14.57 5.49 67.74 52.72 23.54
200 4 3 5.00 3.76 17.74 10.78 3.23 73.02 58.78 27.60
200 5 1 4.34 3.02 12.55 6.58 1.45 74.96 63.64 40.20
200 5 2 5.02 3.78 18.50 11.11 3.63 65.28 51.40 24.14
200 5 3 4.60 3.38 14.99 8.55 2.29 70.80 58.02 31.48
500 1 1 4.28 2.98 11.29 5.96 1.31 99.32 98.50 94.94
500 1 2 4,53 3.25 13.72 7.83 1.85 99.20 97.76 93.12
500 1 3 4.35 3.16 12.06 6.52 1.48 99.10 98.00 91.94
500 2 1 4.20 2.93 10.73 5.63 1.19 99.26 98.44 94.78
500 2 2 4.33 3.11 12.32 6.63 1.46 98.62 96.30 89.42
500 2 3 4.21 3.05 11.26 5.96 1.23 98.74 97.42 90.46
500 3 1 4.07 2.75 9.82 4.95 0.85 99.36 98.66 95.80
500 3 2 3.98 2.69 9.30 4.35 0.68 99.58 98.86 95.06
500 3 3 3.99 2.77 9.48 4.49 0.78 99.26 98.54 94.64
500 4 1 4.44 3.13 12.21 6.71 1.38 98.28 96.20 89.06
500 4 2 4.85 3.56 15.68 9.29 2.74 95.94 92.20 74.04
500 4 3 4.61 3.38 13.78 7.80 1.9 96.60 93.08 79.60
500 5 1 4.34 3.05 11.36 6.19 1.25 98.12 95.96 88.38
500 5 2 4.56 3.30 13.77 7.73 2.08 94.74 90.78 71.24
500 5 3 4.41 3.21 12.72 6.80 1.59 95.72 91.90 77.84
(c) Group Interaction|, CH-0
Empirical Size Size-Adjusted Power
n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
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4.13
4.10
4.64
5.77
5.03
4.45
5.24
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4.26
4.67
4.57
4.18
4.44
4.42
4.07
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4.43
5.06
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4.33
4.76

3.24
4.19
3.57
3.05
3.77
3.28
2.63
2.45
2.49
3.27
4.54
3.75
3.05
4.01
3.41

3.07
3.83
3.41
2.97
3.53
3.23
2.71
2.65
2.72
3.16
4.09
3.58
3.02
3.71
3.35

3.05
3.33
3.26
3.00
3.18
3.16
2.85
2.62
2.81
3.14
3.67
3.35
3.06
3.44
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18.06
28.90
20.54
15.30
22.80
16.48
10.78

8.46

8.78
18.50
32.52
23.08
15.54
25.76
18.24

13.60
20.44
16.02
12.60
17.22
14.00
10.42

9.78

9.80
15.00
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18.62
13.30
19.68
16.04

11.92
15.86
15.10
11.14
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13.70
10.56

9.22
10.78
13.54
18.74
16.14
12.66
16.34

10.00
19.44
12.50
8.08
14.18
9.46
4.28
3.20
3.44
10.84
22.20
13.98
8.20
16.60
10.54

7.50
12.54
9.26
6.48
10.34
7.96
5.08
4.16
4.54
8.42
15.72
10.82
7.38
12.16
8.98

6.98
8.82
8.22
6.52
7.74
7.20
5.30
4.18
5.12
7.30
11.24
9.32
6.84
9.18

1.96
6.42
3.40
1.22
3.90
2.16
0.46
0.22
0.22
1.86
8.74
4.24
1.16
5.18
2.64

1.52
4.64
2.92
1.28
3.16
2.10
0.60
0.72
0.80
1.96
5.74
3.24
1.56
3.94
2.50

1.36
2.34
2.20
1.26
1.90
1.76
0.90
0.58
0.78
1.76
3.74
2.30
1.50
2.80

31.90
30.24
31.04
31.60
28.10
30.48
31.72
40.30
34.80
31.30
26.64
27.30
31.16
26.62
26.70

43.94
41.32
44.46
44.38
39.06
43.00
43.52
51.62
48.28
39.60
34.52
37.46
39.44
33.60
37.20

69.30
67.12
66.26
69.44
64.40
65.36
68.96
72.16
69.20
61.26
50.00
55.54
61.18
49.26

21.22
18.92
20.90
22.16
18.30
19.78
21.22
29.90
23.30
20.76
15.46
17.84
20.44
16.88
17.40

31.22
26.16
30.48
31.48
25.02
28.96
29.92
38.44
34.12
28.10
20.86
26.00
28.46
21.14
25.78

56.70
53.76
54.10
56.70
50.90
53.18
56.36
61.94
57.04
47.20
36.96
42.72
46.86
36.44

8.58
4.86
6.60
9.04
4.58
6.66
8.12
12.20
8.26
9.88
4.78
4.74
9.70
5.00
5.48

13.34
8.82
10.16
13.58
8.46
10.46
12.82
14.44
12.74
11.46
7.22
7.92
11.56
7.66
8.64

31.80
29.62
28.08
31.42
26.14
26.60
31.90
40.02
34.50
25.34
16.84
20.38
24.82
16.38



SMU Classification: Restricted

200 5 3 4.56 3.22 14.60 8.14 1.96 55.24 42.54 21.24
500 1 1 4.13 2.97 10.98 5.66 1.42 98.22 96.34 85.22
500 1 2 4.39 3.18 13.42 7.50 1.66 97.22 94.18 81.70
500 1 3 4.32 3.08 12.42 6.70 1.62 97.94 95.52 84.94
500 2 1 4.10 2.95 10.78 5.58 1.32 98.24 96.40 85.24
500 2 2 4.28 3.10 12.66 6.96 1.44 96.56 92.98 78.96
500 2 3 4.26 3.03 11.98 6.40 1.62 97.86 95.08 84.28
500 3 1 4.05 2.88 10.34 4.94 1.28 98.20 96.38 84.60
500 3 2 4.07 2.82 10.38 5.16 0.80 97.76 95.74 87.26
500 3 3 4.14 2.87 10.82 5.50 1.08 98.22 96.22 87.18
500 4 1 4.22 3.04 12.12 6.44 1.56 95.02 90.96 75.12
500 4 2 4.52 3.29 14.44 7.92 2.32 85.06 76.60 56.06
500 4 3 4.44 3.18 13.94 7.64 1.76 92.44 86.78 72.32
500 5 1 4.18 3.01 11.80 6.22 1.46 95.02 90.84 74.78
500 5 2 4.39 3.18 13.30 7.16 2.00 83.16 74.48 53.64
500 5 3 4.35 3.10 13.22 7.14 1.56 91.92 86.20 71.82
(d) Group Interaction |, CH-I, T=3
Empirical Size (H, true) Size-Adj Power (H, true)

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.67 3.16 15.24 8.31 1.92 24.96 15.46 4.8
50 1 2 5.82 3.95 25.42 16.23 5.27 34.78 24.94 11.24
50 1 3 5.30 3.58 20.91 12.34 3.44 28.96 19.92 7.34
50 2 1 4.37 2.96 12.63 6.67 1.31 19.4 11.52 2.96
50 2 2 5.13 3.54 19.33 11.47 33 27.2 18.52 6.98
50 2 3 4.82 3.30 16.86 9.35 2.32 22.42 13.94 4.64
50 3 1 4.00 2.55 8.81 3.64 0.41 9.86 3.82 0.3
50 3 2 3.98 2.38 7.37 2.64 0.26 8.18 2.96 0.16
50 3 3 4.07 2.47 8.56 3.24 0.31 8.26 3.28 0.22
50 4 1 4.77 3.21 16.15 8.93 2.16 25.96 16.7 5
50 4 2 6.29 4.38 29.69 19.70 7.74 38.92 29.04 14.88
50 4 3 5.53 3.73 23.00 13.90 4.12 32.32 22.62 8.88
50 5 1 4.42 2.98 13.04 6.64 1.42 19.44 11.92 2.9
50 5 2 5.46 3.81 22.55 13.99 4.48 29.78 21.16 9.34
50 5 3 4.98 3.37 17.78 10.16 2.56 24.26 15.1 4.94

100 1 1 4.31 3.00 12.10 6.52 1.52 18.48 11.06 3.4
100 1 2 5.12 3.64 19.58 11.61 3.54 27.64 19.34 7.22
100 1 3 4.70 3.31 15.76 8.88 24 23.2 14.1 5.06
100 2 1 4.16 2.90 10.85 5.64 1.21 15.7 9.12 2.46
100 2 2 4.73 3.38 16.38 9.20 2.49 22.14 14.34 4.98
100 2 3 4.45 3.15 13.68 7.48 1.71 18.52 11.1 3.5
100 3 1 3.96 2.65 8.86 4.12 0.65 10.12 4.52 0.52
100 3 2 3.98 2.52 8.07 3.51 0.36 8.86 3.74 0.32
100 3 3 4.02 2.62 9.16 3.99 0.53 9.66 4.28 0.64



SMU Classification: Restricted

100 4 1 4.42 3.06 12.83 6.89 1.64 19.6 12.02 3.72
100 4 2 5.50 3.96 22.10 13.90 4.87 32.5 22.76 10.76
100 4 3 4.86 3.45 17.02 10.12 2.94 26.52 17.58 6.98
100 5 1 4.25 2.93 11.51 5.97 1.27 15.46 9.42 2.3
100 5 2 5.00 3.59 17.79 10.82 3.25 25.44 16.3 6.18
100 5 3 4,55 3.21 14.30 7.97 2.06 20.5 13 4.3
200 1 1 4.15 2.92 10.84 5.61 1.21 15.62 8.5 2.06
200 1 2 4.60 3.27 14.94 8.32 2.24 20.48 12.56 3.74
200 1 3 4.32 3.06 12.81 6.62 1.52 17.32 9.88 2.56
200 2 1 4.07 2.86 10.20 5.13 1.14 14 7.54 1.72
200 2 2 4.38 3.11 13.04 7.02 1.75 17.08 9.88 2.64
200 2 3 4.18 2.96 11.62 5.88 1.31 14.72 8.24 2.1
200 3 1 3.97 2.71 9.19 4.34 0.79 11.08 5.34 0.76
200 3 2 3.97 2.62 8.76 3.94 0.54 9.5 3.94 0.56
200 3 3 3.94 2.66 9.19 4.06 0.63 9.86 4.56 0.9
200 4 1 4.27 2.98 11.91 6.16 1.45 16.28 9.2 2.66
200 4 2 4.93 3.59 17.63 10.87 3.22 23.36 15.5 5.82
200 4 3 4.54 3.22 14.57 7.98 1.96 18.44 11.08 3.36
200 5 1 4.18 291 11.00 5.71 1.29 14.1 7.78 2.14
200 5 2 4.64 3.37 15.30 8.90 2.49 19.02 11.32 3.74
200 5 3 4.36 3.08 12.87 6.96 1.65 15.78 8.94 2.38
500 1 1 4.10 2.92 11.24 5.79 1.1 11.9 6.38 1.5
500 1 2 4.26 3.02 11.93 6.41 1.55 14.34 7.8 1.72
500 1 3 4.09 2.93 10.73 5.31 1.31 124 6.5 1.48
500 2 1 4.07 2.90 10.98 5.60 1.06 11.44 5.94 1.42
500 2 2 4.17 2.95 11.08 5.83 1.28 12.84 6.98 1.44
500 2 3 4.03 2.89 10.10 5.05 1.22 11.32 6.04 1.2
500 3 1 4.02 2.83 10.44 5.20 0.91 10.54 5.24 1.16
500 3 2 3.97 2.69 9.50 4.41 0.65 9.12 4.18 0.6
500 3 3 3.92 2.74 9.02 4.28 0.92 9.74 4.7 0.74
500 4 1 4.21 2.98 11.69 6.24 1.31 12.84 6.92 1.72
500 4 2 4.48 3.18 14.30 8.12 1.9 17.06 10.36 3.06
500 4 3 4.27 3.07 11.90 6.44 1.69 14.8 8.08 2.04
500 5 1 4.17 2.95 11.44 6.00 1.25 12.3 6.52 1.5
500 5 2 4.35 3.08 13.26 7.22 1.53 14.84 8.66 2.42
500 5 3 4.18 3.01 11.22 6.06 1.48 13.48 7.2 1.7
(e) Group Interaction |, CH-2
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 5.00 3.32 18.20 10.46 2.46 32.54 20.88 7.80
50 1 2 6.11 4.10 28.08 18.12 6.42 30.68 19.38 5.72
50 1 3 5.49 3.68 22.42 13.38 3.92 30.60 19.38 6.02
50 2 1 4.69 3.13 15.08 8.42 1.74 33.08 21.38 7.50
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27.58
30.80
35.76
27.62
29.82

68.74
62.78
64.32
68.80
60.18
62.50
68.58
69.28
66.80
60.12
49.68
50.80
59.64
48.94
50.22

96.80
95.80

17.90
19.30
20.42
29.32
23.20
20.76
17.30
17.40
20.24
15.84
17.32

27.76
23.60
26.18
27.70
22.44
24.66
27.94
31.72
28.14
24.98
17.16
20.70
24.20
17.52
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SMU Classification: Restricted

500 1 3 4.23 3.03 11.76 6.16 1.72 96.88 93.72 78.48
500 2 1 4.11 2.88 10.74 5.56 1.02 96.76 94.24 83.50
500 2 2 4.14 2.97 11.34 5.82 1.40 94.62 89.36 73.20
500 2 3 4.16 2.98 11.04 5.84 1.56 96.48 93.00 76.98
500 3 1 4.07 2.82 10.26 5.06 0.86 96.84 94.28 83.52
500 3 2 3.96 2.74 9.60 4.66 0.86 96.56 92.92 81.06
500 3 3 4.06 2.83 10.04 4.96 1.24 97.12 94.76 81.48
500 4 1 4.31 3.07 12.82 6.90 1.36 91.52 85.98 68.70
500 4 2 4.52 3.30 14.62 8.32 2.36 76.44 64.94 41.94
500 4 3 4.44 3.17 13.26 7.42 2.02 88.88 80.76 59.62
500 5 1 4.27 3.04 12.58 6.68 1.30 91.54 85.50 67.94
500 5 2 4.39 3.19 13.52 7.66 1.94 74.86 62.48 39.32
500 5 3 4.35 3.10 12.68 7.02 1.74 88.02 79.56 58.14
(f) Group Interaction |, CH-3,T=3
Empirical Size (H, true) Size-Adj Power (H, true)

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 5.64 3.85 23.87 15.02 4.79 29.2 19.42 7.28
50 1 2 7.01 4.95 34.99 24.86 11.22 42.86 32.84 17.72
50 1 3 6.41 4.43 30.55 20.68 7.9 36.2 26.08 12.02
50 2 1 5.04 3.49 18.49 11.15 3.03 23.94 14.86 4.8
50 2 2 5.98 4.33 26.47 17.82 6.98 33.68 24.62 12.16
50 2 3 5.59 3.91 23.54 14.80 4.95 28.44 19.6 8.26
50 3 1 4.06 2.46 8.21 3.29 0.35 7.74 2.64 0.18
50 3 2 4.02 2.32 7.13 2.48 0.21 6.26 1.94 0
50 3 3 4.06 2.37 7.88 2.78 0.14 7.06 2.18 0.02
50 4 1 5.78 3.95 24.58 15.77 5.45 31.84 21.56 8.64
50 4 2 7.76 5.65 39.41 29.30 14.91 49.64 39.04 22.54
50 4 3 6.71 4.71 33.01 22.69 9.51 40.64 30.04 14.76
50 5 1 5.00 3.40 18.03 10.49 2.86 26.34 16.88 5.8
50 5 2 6.36 4.62 29.23 19.92 8.48 39.92 30 159
50 5 3 5.67 3.98 24.25 15.36 5.07 32.94 23 10.14

100 1 1 4.73 3.32 16.11 8.98 2.27 32.82 23.54 10.78
100 1 2 5.66 4.13 23.69 15.09 5.71 45.8 35.96 20.7
100 1 3 5.07 3.66 18.94 11.36 3.6 38.98 29.02 14.98
100 2 1 4.45 3.13 13.84 7.23 1.6 22.8 14.76 5.32
100 2 2 5.06 3.70 18.68 11.44 3.67 31.5 22.62 11.42
100 2 3 4.66 3.37 15.46 8.91 2.5 26.26 18.16 7.78
100 3 1 4.03 2.62 9.42 3.97 0.46 9.64 3.78 0.1
100 3 2 4.00 2.49 8.08 3.55 0.31 7.4 2.72 0.08
100 3 3 3.95 2.54 8.26 3.38 0.52 7.9 2.84 0.2
100 4 1 4.85 3.41 17.03 9.91 2.61 37.68 27.62 13.02
100 4 2 6.31 4.83 28.79 19.93 8.36 54.74 44.84 27.32
100 4 3 5.40 3.97 21.62 13.44 4.76 45,94 36.26 20.34
100 5 1 4.49 3.13 13.78 7.55 1.71 26.88 18.24 7.14



SMU Classification: Restricted

100 5 2 5.44 4.02 22.36 14.13 491 40.06 30.6 16.96
100 5 3 4.84 3.49 16.65 9.66 2.88 33.4 24.02 11.4
200 1 1 4.32 3.05 12.79 6.99 1.6 17.04 10.08 3.06
200 1 2 5.04 3.76 18.74 11.63 3.85 27.34 18.24 7.48
200 1 3 4.66 3.37 15.29 8.96 2.6 22.34 13.82 5.06
200 2 1 4.17 2.95 11.58 6.03 1.29 15.44 9.04 2.72
200 2 2 4.67 3.48 16.01 9.34 2.79 22.7 14.42 5.44
200 2 3 4.41 3.19 13.33 7.57 2.02 19.08 11.78 3.88
200 3 1 3.95 2.66 9.43 4.45 0.63 10.42 4.56 0.72
200 3 2 4.02 2.67 9.41 4.13 0.61 9.48 3.64 0.28
200 3 3 3.99 2.66 9.60 4.24 0.62 10.28 4.82 0.54
200 4 1 4.49 3.16 14.08 7.63 1.88 19.04 11.98 4.38
200 4 2 5.52 4.15 22.78 14.57 5.49 31.9 22.5 11
200 4 3 4.94 3.58 17.74 10.78 3.23 24.72 16.02 6.44
200 5 1 4.30 3.02 12.55 6.58 1.45 17.18 10.8 3.5
200 5 2 4.99 3.69 18.50 11.11 3.63 26.18 18 7.62
200 5 3 4.60 3.30 14.99 8.55 2.29 21.08 13.38 4.7
500 1 1 4.18 2.99 11.29 5.96 1.31 14.12 7.98 2.04
500 1 2 4.47 3.17 13.72 7.83 1.85 18.9 11.42 3.96
500 1 3 4.27 3.05 12.06 6.52 1.48 15.82 9.12 2.76
500 2 1 4.11 2.94 10.73 5.63 1.19 13.48 7.48 1.92
500 2 2 4.29 3.03 12.32 6.63 1.46 16.76 9.84 2.96
500 2 3 4.16 2.97 11.26 5.96 1.23 14.32 8.2 2.26
500 3 1 4.02 2.81 9.82 4,95 0.85 10.96 5.26 0.94
500 3 2 3.98 2.65 9.30 4.35 0.68 9.1 4.02 0.58
500 3 3 3.97 2.71 9.48 4.49 0.78 10.14 4.52 0.86
500 4 1 4.30 3.05 12.21 6.71 1.38 15.74 8.94 2.44
500 4 2 4.74 3.44 15.68 9.29 2.74 23.4 14.78 6.06
500 4 3 4.47 3.22 13.78 7.80 1.9 19.72 124 4.28
500 5 1 4.21 2.98 11.36 6.19 1.25 14.9 8.34 2.34
500 5 2 4.48 3.22 13.77 7.73 2.08 19.86 12.16 4.52
500 5 3 4.30 3.08 12.72 6.80 1.59 17.74 11.04 3.44
Table 2: Emprical Size and Power of Tests Hy: 8 =0 vs H,: 8 = (.05, .05, .05,.05), T=6
(a) Rook Contiguity, CH-0
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.30 2.79 10.90 4.85 1.15 69.05 57.80 25.55
50 1 2 4.98 3.29 18.95 9.80 2.40 63.95 51.20 22.75
50 1 3 4.71 3.11 15.35 8.75 1.60 64.00 46.60 25.10
50 2 1 4.07 2.64 9.30 3.90 0.75 69.00 56.80 28.35
50 2 2 4.53 3.05 14.60 6.85 1.45 59.20 45.65 20.10
50 2 3 4.38 2.92 12.80 6.60 0.90 62.15 45.40 24.15
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5.25
4.70
3.95
4.35
5.55
7.85
6.80
5.00
6.80
6.05

5.25
5.70
5.70
5.25

0.60
0.30
0.30
1.00
3.05
2.80
0.60
1.65
1.55

1.45
1.55
1.85
1.35
1.25
1.60
0.80
0.40
0.80
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0.95
2.10
1.80

0.80
1.40
1.30
0.80
1.20
1.10
0.60
0.65
0.75
1.35
2.70
1.60
1.10
2.15
1.40

1.15
1.45
1.20
1.10

67.75
72.45
67.70
57.95
46.45
46.65
57.25
45.65
46.05

92.45
92.30
90.65
92.45
89.70
89.85
92.75
94.65
91.60
86.65
76.15
79.65
86.00
75.20
77.35

100.00
99.80
99.95

100.00
99.70
99.90

100.00
99.80
99.95
99.65
98.00
99.30
99.65
97.80
99.15

100.00
100.00
100.00
100.00

55.30
62.05
52.75
45.05
32.70
30.05
43.70
31.85
31.15

85.75
85.60
84.30
85.85
80.95
82.00
84.55
89.85
85.85
78.45
63.55
66.75
78.55
62.25
65.55

99.90
99.45
99.80
99.90
99.35
99.75
99.90
99.65
99.80
99.25
95.90
98.10
99.25
94.20
98.00

100.00
100.00
100.00
100.00

22.90
38.55
27.55
19.75
11.25
11.05
20.40
11.95

9.85

61.80
66.15
58.20
62.25
60.40
54.30
62.15
76.95
66.65
52.50
40.20
36.05
52.35
35.15
37.15

98.80
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98.70
98.80
96.45
98.40
98.90
98.00
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88.55
95.05
80.30
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100.00
100.00
100.00
100.00



SMU Classification: Restricted

500 2 2 4.05 2.90 10.50 5.50 1.30 100.00 100.00 100.00
500 2 3 4.06 2.85 10.45 5.45 1.10 100.00 100.00 100.00
500 3 1 3.94 2.79 9.40 5.15 0.90 100.00 100.00 100.00
500 3 2 3.95 2.77 9.50 5.00 1.00 100.00 100.00 100.00
500 3 3 4.01 2.78 10.10 5.00 0.80 100.00 100.00 100.00
500 4 1 3.99 2.81 10.40 5.35 0.70 100.00 100.00 100.00
500 4 2 4.19 3.06 11.50 6.00 1.85 100.00 100.00 99.95
500 4 3 4.22 2.94 11.80 5.65 1.45 100.00 100.00 100.00
500 5 1 3.96 2.79 10.20 5.20 0.70 100.00 100.00 100.00
500 5 2 4.12 3.00 11.40 5.70 1.65 100.00 100.00 99.90
500 5 3 4.16 2.90 11.15 5.30 1.30 100.00 100.00 100.00
(b) Rook Contiguity, CH-I
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.82 3.21 16.50 9.50 1.85 54.80 40.25 16.10
50 1 2 5.63 3.86 23.95 14.70 5.20 54.10 35.80 15.90
50 1 3 5.18 3.62 20.10 11.75 3.20 53.85 38.30 10.55
50 2 1 4.47 3.00 13.50 7.55 1.35 54.90 38.90 14.75
50 2 2 5.00 3.49 18.20 10.35 3.35 49.15 31.90 13.15
50 2 3 4.71 3.31 16.00 8.65 2.20 49.95 36.25 13.30
50 3 1 4.03 2.51 8.90 3.55 0.20 60.10 43.75 20.90
50 3 2 4.02 2.48 8.55 3.25 0.40 63.55 52.40 27.30
50 3 3 4.01 2.53 8.10 3.85 0.50 61.60 46.05 22.35
50 4 1 491 3.27 16.80 8.95 2.25 48.60 33.85 10.05
50 4 2 6.06 4.28 27.75 17.60 6.75 39.30 25.80 6.15
50 4 3 5.38 3.70 22.30 13.35 3.55 42.15 30.90 10.10
50 5 1 4.53 3.04 13.25 7.10 1.50 45.65 31.80 10.75
50 5 2 5.28 3.73 20.30 12.70 3.80 37.15 22.75 7.75
50 5 3 4.80 3.29 17.25 9.15 2.25 42.25 28.55 11.65
100 1 1 4.52 3.21 14.15 8.20 1.60 91.25 85.00 58.05
100 1 2 4.94 3.45 16.95 10.10 3.05 91.50 83.30 65.10
100 1 3 4.77 3.45 17.10 9.85 2.15 89.20 79.70 50.90
100 2 1 4.34 3.09 13.05 6.55 1.50 90.90 83.70 58.65
100 2 2 4.57 3.24 14.00 8.20 2.25 86.60 76.35 52.40
100 2 3 4.51 3.27 14.45 8.10 1.80 86.70 74.85 47.15
100 3 1 4.10 2.76 10.55 5.00 0.80 92.35 86.20 67.60
100 3 2 3.96 2.52 8.30 3.55 0.45 95.35 90.30 75.10
100 3 3 4.09 2.78 10.40 4.75 1.00 92.10 86.10 63.45
100 4 1 4.54 3.15 13.90 7.15 1.65 84.45 74.65 49.50
100 4 2 5.31 3.81 21.85 13.95 4.20 76.65 64.70 36.70
100 4 3 5.06 3.59 19.25 11.40 3.45 76.10 63.20 35.90
100 5 1 4.31 2.98 12.15 6.05 1.15 83.20 75.25 46.10
100 5 2 4.81 3.44 18.10 10.20 2.55 72.95 62.10 31.10
100 5 3 4.69 3.34 15.95 9.00 2.20 73.65 58.60 33.60



SMU Classification: Restricted

200 1 1 4.41 3.17 13.55 6.75 1.80 99.60 99.25 95.10
200 1 2 4.61 3.28 15.40 8.35 1.60 99.50 99.15 94.35
200 1 3 4.48 3.06 15.05 7.70 1.25 99.65 99.35 97.35
200 2 1 4.28 3.08 12.15 6.15 1.55 99.55 99.10 93.65
200 2 2 4.35 3.10 12.90 6.95 1.30 98.95 96.95 88.60
200 2 3 4.28 2.93 13.45 6.20 0.85 99.15 98.40 95.30
200 3 1 4.10 2.84 10.70 5.00 1.15 99.70 99.30 96.45
200 3 2 3.95 2.62 8.90 3.80 0.40 99.70 99.50 98.25
200 3 3 4.01 2.66 9.75 3.80 0.45 99.85 99.55 97.80
200 4 1 4.51 3.23 14.10 7.30 2.05 98.15 96.65 82.05
200 4 2 4.97 3.74 18.20 11.45 3.20 96.05 92.80 76.70
200 4 3 4.80 3.32 17.75 9.60 2.45 97.00 93.85 81.90
200 5 1 4.35 3.11 12.65 6.90 1.60 97.70 96.05 79.35
200 5 2 4.60 3.42 14.70 9.15 2.45 94.15 88.95 68.45
200 5 3 4.49 3.09 14.80 7.35 1.35 95.55 92.35 77.10
500 1 1 4.05 2.89 10.10 5.70 1.35 100.00 100.00 100.00
500 1 2 4.24 3.08 12.40 6.40 1.35 100.00 100.00 100.00
500 1 3 4.10 2.90 11.55 5.70 1.10 100.00 100.00 100.00
500 2 1 4.00 2.85 9.80 5.70 1.25 100.00 100.00 100.00
500 2 2 4.13 2.99 11.55 5.75 1.10 100.00 100.00 100.00
500 2 3 4.02 2.85 10.85 5.40 0.90 100.00 100.00 100.00
500 3 1 3.94 2.77 9.30 5.20 1.00 100.00 100.00 100.00
500 3 2 3.96 2.78 9.40 4.30 0.75 100.00 100.00 100.00
500 3 3 3.93 2.72 9.35 4.60 0.75 100.00 100.00 100.00
500 4 1 4.20 3.00 11.50 6.10 1.85 100.00 100.00 100.00
500 4 2 4.54 3.30 14.20 8.00 1.95 100.00 100.00 99.85
500 4 3 431 3.06 12.70 7.15 1.30 100.00 100.00 100.00
500 5 1 4.14 2.95 10.95 5.85 1.50 100.00 100.00 100.00
500 5 2 4.35 3.12 12.80 6.95 1.55 100.00 99.95 99.75
500 5 3 4.19 2.97 11.70 6.60 1.15 100.00 100.00 99.90
(c) Group Interaction|, CH-0
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.44 2.98 13.55 7.35 1.20 62.95 50.05 25.95
50 1 2 5.20 3.60 19.60 12.50 3.55 60.65 46.20 17.60
50 1 3 4.74 3.19 15.90 8.45 2.10 63.95 50.25 21.95
50 2 1 4.23 2.86 12.15 6.05 0.95 63.00 49.45 26.85
50 2 2 4.74 3.32 15.40 9.50 2.35 56.60 41.90 14.25
50 2 3 4.41 2.99 13.10 6.40 1.50 62.40 48.75 20.20
50 3 1 4.07 2.67 10.45 4.75 0.55 62.05 47.40 24.70
50 3 2 4.09 2.60 9.20 4.50 0.35 72.20 56.30 29.80
50 3 3 4.03 2.57 8.95 3.85 0.35 66.75 55.50 28.55
50 4 1 4.44 2.93 13.40 7.30 1.20 55.60 42.30 20.65
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SMU Classification: Restricted

500 3 3 3.97 2.72 9.20 4.30 0.70 100.00 99.90 99.90
500 4 1 4.09 291 11.30 5.90 1.05 99.85 99.35 97.00
500 4 2 4.26 3.05 12.45 6.90 1.45 96.55 94.05 84.45
500 4 3 4.18 3.00 11.05 6.00 1.20 99.15 97.95 93.05
500 5 1 4.07 2.89 11.05 5.85 1.05 99.80 99.30 96.70
500 5 2 4.18 3.00 11.65 6.35 1.15 96.15 92.85 82.20
500 5 3 4.13 2.96 10.55 5.50 1.00 99.10 97.90 91.90
(d) Group Interaction |, CH-2
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.38 2.86 12.20 6.30 1.35 51.25 36.05 12.85
50 1 2 5.17 3.26 19.65 10.15 2.30 49.45 34.85 15.30
50 1 3 4.76 3.11 16.55 8.95 1.55 48.10 34.60 16.15
50 2 1 4.15 2.72 10.10 4.90 0.70 50.80 35.45 11.70
50 2 2 4.69 3.01 14.65 7.75 1.35 43.35 28.85 12.05
50 2 3 4.41 291 13.25 6.60 0.95 46.10 32.90 14.25
50 3 1 4.05 2.60 9.30 4.15 0.55 50.45 36.50 11.85
50 3 2 4.13 2.48 9.15 3.55 0.50 56.25 43.90 22.40
50 3 3 4.11 2.60 10.10 4.05 0.30 51.80 37.90 18.65
50 4 1 4.51 2.97 14.15 7.15 1.25 38.65 24.70 8.40
50 4 2 5.61 3.67 22.75 13.65 4.10 29.45 18.10 4.45
50 4 3 4.90 3.26 17.90 9.20 2.40 31.80 20.85 5.15
50 5 1 4.24 2.81 11.45 5.60 1.00 37.95 24.00 6.80
50 5 2 5.01 3.27 17.30 9.70 2.55 27.25 16.60 4.25
50 5 3 4.47 2.96 13.75 6.60 1.35 31.15 20.25 6.45
100 1 1 4.26 2.94 12.50 6.15 0.90 74.80 65.90 42.25
100 1 2 4.71 3.28 15.35 8.50 2.40 74.70 63.25 35.85
100 1 3 4.39 3.02 13.15 6.65 1.40 76.65 63.90 40.60
100 2 1 4.14 2.85 11.85 5.55 0.80 74.60 64.75 40.45
100 2 2 4.44 3.11 13.40 7.35 2.05 72.25 57.95 30.05
100 2 3 4.21 291 11.45 5.75 0.90 75.55 62.85 38.80
100 3 1 4.07 2.76 10.90 5.10 0.55 74.55 64.25 40.95
100 3 2 4.08 2.66 9.55 4.30 0.55 79.05 70.35 45.95
100 3 3 4.01 2.65 8.70 3.95 0.35 78.70 68.05 43.65
100 4 1 4.30 2.96 12.40 6.95 1.00 60.50 47.10 26.45
100 4 2 4.97 3.45 18.10 10.50 2.55 48.20 34.30 16.75
100 4 3 4.63 3.25 15.20 8.35 2.15 53.50 37.90 16.35
100 5 1 4.16 2.85 11.25 6.25 0.75 59.85 46.75 25.80
100 5 2 4.64 3.23 14.75 8.30 1.90 46.05 31.70 14.50
100 5 3 4.39 3.08 13.05 7.20 1.60 51.50 36.30 15.60
200 1 4.12 2.78 10.95 5.20 0.75 98.30 96.15 90.10
200 1 4.45 3.11 14.45 7.50 1.80 97.30 95.30 81.60
200 4.11 2.86 10.75 5.20 1.00 97.80 95.65 87.75



SMU Classification: Restricted

200 2 1 4.06 2.74 10.20 4.85 0.75 98.15 96.30 89.75
200 2 2 4.30 3.00 13.20 6.45 1.45 96.25 93.35 76.35
200 2 3 4.01 2.79 9.85 5.00 0.80 97.60 95.10 85.60
200 3 1 4.01 2.69 9.80 4.40 0.60 98.30 96.30 90.00
200 3 2 4.10 2.77 10.95 4.85 0.85 97.70 96.00 87.50
200 3 3 3.91 2.66 8.55 4.30 0.55 98.25 96.35 88.45
200 4 1 4.20 2.88 12.60 5.65 0.80 90.15 85.75 69.15
200 4 2 4.61 3.26 15.85 8.35 1.85 79.85 68.95 47.05
200 4 3 4.26 3.02 12.45 5.95 1.20 85.40 77.20 56.70
200 5 1 4.13 2.83 12.05 4.95 0.80 90.20 85.75 67.75
200 5 2 4.42 3.13 13.95 7.25 1.55 78.10 65.45 44.05
200 5 3 4.14 2.93 11.40 5.30 1.00 83.80 75.35 54.85
500 1 1 3.97 2.77 9.25 4.50 0.75 100.00 100.00 100.00
500 1 2 4.27 3.06 13.35 6.85 1.45 100.00 99.95 99.80
500 1 3 4.16 2.97 11.50 7.15 1.10 99.95 99.85 99.75
500 2 1 3.94 2.75 9.15 4.45 0.75 100.00 100.00 100.00
500 2 2 4.21 3.02 12.80 6.50 1.35 99.95 99.90 99.75
500 2 3 4.12 2.95 11.25 6.75 1.00 99.95 99.80 99.70
500 3 1 3.93 2.73 9.05 4.35 0.75 100.00 100.00 100.00
500 3 2 4.11 2.89 11.50 5.60 1.05 100.00 99.95 99.85
500 3 3 4.07 2.88 10.75 6.40 0.95 100.00 99.85 99.75
500 4 1 4.07 2.88 10.35 5.55 1.15 99.75 99.55 98.20
500 4 2 4.37 3.15 13.45 7.15 1.80 97.05 93.60 81.75
500 4 3 4.18 2.99 11.70 6.65 1.55 99.05 98.05 92.55
500 5 1 4.04 2.86 10.10 5.45 1.10 99.75 99.55 98.10
500 5 2 4.28 3.07 12.60 6.70 1.65 96.30 92.50 78.65
500 5 3 4.12 2.95 11.30 6.15 1.50 99.00 97.60 90.85
Table 3: Emprical Size and Power of Tests HO: A = 0 vs Ha: A = (.05, .05, .05),, T=3, p=0.5
(a) Rook Contiguity, CH-0
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 3.63 2.84 15.86 8.54 2.16 79.26 67.36 37.38
50 1 2 4.42 3.44 24.18 15.22 5.00 71.02 57.06 29.94
50 1 3 4.13 3.18 20.82 12.54 3.54 73.06 60.32 30.58
50 2 1 3.30 2.60 12.42 6.20 1.30 79.54 67.08 35.26
50 2 2 3.68 2.93 16.50 9.90 2.44 64.46 48.44 24.30
50 2 3 3.60 2.82 15.40 8.50 2.06 72.44 58.54 29.84
50 3 1 3.07 2.29 9.56 4.42 0.52 77.56 63.34 31.76
50 3 2 3.02 2.13 8.74 3.56 0.28 82.54 71.86 50.42
50 3 3 3.15 2.26 9.86 4.10 0.46 77.84 66.70 38.80
50 4 1 3.64 2.85 15.76 8.68 2.20 78.66 67.16 36.96
50 4 2 4.43 3.44 24.28 15.36 4.96 70.36 57.70 30.00
50 4 3 4.14 3.19 21.04 12.52 3.54 73.52 60.06 30.86



50
50
50

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

500
500
500
500
500
500
500
500
500
500

U 01 »n

v 1t L1 D D W W WNNDNNPRPRPRPP

ULl D DWW WNNNLPRPRPR

A W W W NDNDNRFR P B

w N

W N P WN PP, WNPEFEPE WOWON P WN -

W N P W NP WDNPEFEP WON PP WDN -

R W NP WON PP WN -

3.31
3.68
3.60

3.29
3.89
3.58
3.13
3.46
3.30
3.01
3.04
3.04
3.31
3.92
3.59
3.15
3.48
3.31

3.17
3.49
3.27
3.09
3.26
3.12
3.02
3.02
2.99
3.18
3.51
3.29
3.10
3.27
3.13

3.01
3.21
3.13
2.97
3.11
3.06
2.95
3.01
3.00
3.02

2.61
2.94
2.82

2.69
3.19
2.89
2.56
2.84
2.67
2.38
2.26
231
2.71
3.21
291
2.58
2.86
2.68

2.59
2.90
2.66
2.52
271
2.53
2.43
2.35
2.34
2.60
2.92
2.68
2.53
2.72
2.55

2.51
2.69
2.57
2.48
2.61
2.52
2.44
2.44
2.42
2.52

SMU Classification: Restricted

12.38
16.36
15.30

12.66
18.72
15.62
11.12
14.36
13.00
10.02

9.10

9.34
12.88
18.88
15.98
11.32
14.32
12.98

11.72
14.42
12.82
10.90
12.14
11.36
10.16

9.40

9.68
11.86
14.82
12.64
11.14
12.38
11.08

10.48
11.82
11.50
10.04
10.80
11.00

9.84

9.52
10.08
10.56

6.40
10.00
8.48

6.88
10.82
8.60
5.88
7.66
6.46
4.82
3.84
4.40
7.12
10.92
8.56
5.96
7.96
6.78

5.84
7.66
6.44
5.42
6.34
5.64
4.86
4.24
4.50
6.00
8.00
6.74
5.46
6.50
5.66

5.14
5.98
5.90
5.00
5.54
5.58
4.82
4.74
4.96
5.44

1.44
2.38
2.08

1.62
3.18
2.36
1.32
1.92
1.60
0.82
0.70
0.68
1.70
3.42
2.46
1.38
2.00
1.62

1.30
2.16
1.64
1.20
1.54
1.22
1.04
0.88
0.74
1.32
2.10
1.56
1.20
1.56
1.24

1.26
1.58
1.14
1.14
1.44
1.02
1.00
1.02
0.68
1.16

78.96
64.16
71.36

94.54
89.78
91.34
94.30
85.78
90.10
94.00
93.68
93.26
94.18
89.74
91.18
93.92
85.62
89.94

99.90
99.56
99.74
99.90
99.12
99.58
99.82
99.68
99.80
99.80
99.58
99.70
99.80
99.04
99.56

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

66.92
49.84
58.04

88.30
82.48
85.18
88.04
75.86
82.28
87.32
89.14
87.56
88.08
82.14
84.20
87.98
76.22
81.78

99.48
98.92
99.14
99.48
97.82
98.94
99.46
99.32
99.40
99.42
98.78
99.28
99.42
97.66
99.02

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

35.16
22.08
30.14

68.06
55.18
61.04
67.72
43.16
57.58
65.46
72.50
67.10
66.32
58.02
59.82
65.54
44.40
57.50

96.96
93.98
95.70
97.10
88.42
94.58
96.34
96.66
97.12
96.84
93.16
95.22
96.88
88.12
94.20

100.00

99.98
100.00
100.00

99.98
100.00
100.00
100.00
100.00
100.00



SMU Classification: Restricted

500 4 2 3.23 2.70 12.14 6.44 1.64 100.00 100.00 100.00
500 4 3 3.14 2.58 11.52 6.10 1.12 100.00 100.00 100.00
500 5 1 2.99 2.49 10.28 5.26 1.08 100.00 100.00 100.00
500 5 2 3.13 2.61 10.86 5.82 1.42 100.00 100.00 100.00
500 5 3 3.08 2.53 10.84 5.60 1.02 100.00 100.00 100.00
(b) Rook Contiguity, CH-1
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 4.36 3.40 22.70 14.22 4.62 68.26 53.74 27.00
50 1 2 5.39 4.29 32.78 22.66 9.40 62.94 46.68 15.42
50 1 3 4.74 3.77 26.58 17.48 6.18 65.96 48.72 19.72
50 2 1 3.74 3.00 16.56 9.80 2.60 67.86 52.94 24.86
50 2 2 4.27 3.49 21.92 13.68 4.66 56.30 39.72 14.12
50 2 3 3.91 3.15 18.82 11.44 3.44 63.60 46.88 20.98
50 3 1 3.12 2.21 9.40 3.92 0.32 74.34 60.24 32.82
50 3 2 3.10 2.08 8.60 2.90 0.14 80.36 71.98 50.06
50 3 3 3.06 2.12 8.60 3.46 0.30 78.78 66.76 40.44
50 4 1 4.38 3.42 22.94 14.26 4.86 68.20 52.94 26.58
50 4 2 5.38 4.28 32.86 22.52 9.32 63.70 47.30 16.66
50 4 3 4.75 3.76 26.70 17.48 6.36 66.60 49.62 19.62
50 5 1 3.74 3.00 16.46 9.78 2.70 67.40 51.80 24.02
50 5 2 4.25 3.48 21.66 13.36 4.76 55.50 38.96 12.90
50 5 3 3.91 3.13 18.60 11.06 3.50 64.00 46.58 21.70
100 1 1 3.66 2.95 15.78 9.10 2.34 89.74 81.34 59.62
100 1 2 4.23 3.44 21.90 13.26 4.10 88.48 80.88 52.18
100 1 3 3.94 3.26 18.54 11.24 3.58 88.54 79.06 53.34
100 2 1 3.36 2.71 13.06 7.20 1.56 88.40 79.98 57.34
100 2 2 3.63 2.96 15.96 9.24 2.20 78.62 66.98 38.48
100 2 3 3.49 2.90 14.22 8.06 2.30 84.82 73.38 44.44
100 3 1 3.11 2.34 10.16 4.80 0.66 91.64 84.58 65.10
100 3 2 3.05 2.17 9.04 3.40 0.48 93.78 89.48 74.62
100 3 3 3.07 2.29 9.68 4.10 0.58 92.12 87.28 68.92
100 4 1 3.68 2.96 16.10 9.04 2.34 89.76 80.90 58.62
100 4 2 4.26 3.48 21.66 13.64 4.46 88.56 79.96 50.42
100 4 3 3.94 3.25 18.74 11.38 3.56 88.38 78.94 54.22
100 5 1 3.38 2.72 13.28 7.12 1.52 88.64 80.06 58.16
100 5 2 3.65 2.99 15.96 9.24 2.36 79.08 67.06 36.82
100 5 3 3.50 2.89 14.38 8.30 2.30 84.88 73.46 46.70
200 1 1 3.41 2.74 13.56 7.04 1.90 99.66 99.06 94.10
200 1 2 3.71 3.03 16.84 9.68 3.00 99.18 98.26 92.68
200 1 3 3.50 2.86 14.98 8.48 1.94 99.34 98.52 93.42
200 2 1 3.25 2.61 12.02 6.18 1.42 99.60 98.80 93.44
200 2 2 3.35 2.73 13.50 6.92 1.80 97.34 93.92 79.36



SMU Classification: Restricted

200 2 3 3.25 2.66 12.26 6.86 1.30 98.42 96.70 88.26
200 3 1 3.11 2.40 10.58 4.80 0.82 99.78 99.36 95.96
200 3 2 3.00 2.26 9.00 4.08 0.52 99.44 98.86 96.38
200 3 3 3.01 2.33 9.72 4.80 0.56 99.48 98.90 96.60
200 4 1 3.44 2.77 14.04 7.26 2.04 99.60 98.86 94.10
200 4 2 3.73 3.03 16.86 9.98 2.90 99.20 98.28 92.24
200 4 3 3.51 2.87 15.10 8.54 1.86 99.24 98.58 93.66
200 5 1 3.27 2.63 12.44 6.32 1.56 99.52 98.54 93.26
200 5 2 3.35 2.71 13.34 6.96 1.72 97.26 93.56 79.40
200 5 3 3.25 2.66 12.48 7.00 1.26 98.52 96.86 89.08
500 1 1 3.07 2.51 10.72 5.32 1.40 100.00 100.00 100.00
500 1 2 3.33 2.77 13.58 7.58 1.68 100.00 100.00 100.00
500 1 3 3.23 2.65 12.22 6.68 1.28 100.00 100.00 100.00
500 2 1 3.00 2.45 10.12 4.80 1.20 100.00 100.00 100.00
500 2 2 3.15 2.62 12.08 6.34 1.20 100.00 100.00 99.82
500 2 3 3.11 2.55 11.00 6.00 1.10 100.00 100.00 99.98
500 3 1 2.94 2.35 9.38 4.24 0.96 100.00 100.00 100.00
500 3 2 2.97 2.36 9.76 4.62 0.64 100.00 100.00 100.00
500 3 3 2.99 2.37 9.68 4.84 0.70 100.00 100.00 100.00
500 4 1 3.09 2.51 10.74 5.40 1.28 100.00 100.00 100.00
500 4 2 3.35 2.77 13.54 7.46 1.78 100.00 100.00 100.00
500 4 3 3.24 2.65 12.26 6.86 1.36 100.00 100.00 100.00
500 5 1 3.01 2.45 9.88 5.04 1.10 100.00 100.00 100.00
500 5 2 3.17 2.63 12.10 6.34 1.38 100.00 99.98 99.82
500 5 3 3.11 2.55 11.24 6.04 1.04 100.00 100.00 100.00
(c) Group Interaction |, CH-0
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 3.76 2.91 17.98 9.86 2.32 59.34 46.40 24.96
50 1 2 4.86 3.72 28.50 18.80 6.48 53.94 39.34 15.88
50 1 3 4.20 3.27 21.74 13.10 3.88 56.26 42.34 17.50
50 2 1 3.42 2.67 14.18 7.26 1.52 59.82 46.54 25.02
50 2 2 4.06 3.16 20.52 12.00 3.24 48.36 34.16 14.86
50 2 3 3.66 2.88 15.80 9.22 2.36 54.62 40.20 16.68
50 3 1 3.17 2.34 11.30 4.76 0.48 57.32 45.42 22.90
50 3 2 3.26 2.23 10.52 4.48 0.28 66.44 54.58 32.40
50 3 3 3.18 2.28 10.50 4.26 0.46 61.98 50.00 24.54
50 4 1 3.77 2.93 17.78 10.10 2.40 58.96 46.54 24.32
50 4 2 4.88 3.72 28.72 18.82 6.52 52.96 39.26 16.02
50 4 3 4.21 3.27 21.84 13.20 3.86 56.44 42.94 16.88
50 5 1 3.43 2.68 14.08 7.46 1.58 58.92 46.72 24.46
50 5 2 4.07 3.16 20.74 12.14 3.42 47.40 33.96 14.40
50 5 3 3.66 2.87 16.14 9.14 2.26 55.18 40.46 16.36
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SMU Classification: Restricted

13.52
19.60
16.88
12.10
15.44
14.52
10.54
10.14
11.24
13.64
19.80
17.18
12.28
15.46
14.60

12.78
16.34
13.22
12.04
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11.88
10.90
11.04
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12.64
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11.80
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11.44
10.88
11.06
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12.42
11.32
12.52

7.40
11.58
10.16

6.44

8.64

7.96

5.38

4.62

5.46

7.78
11.64
10.32

6.58

8.44

8.26

6.52
9.56
7.40
6.06
8.02
6.38
5.46
5.16
5.12
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9.96
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6.28
8.28
6.44

6.06
7.24
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5.82
6.44
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5.84
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1.64
3.70
2.86
1.36
2.32
2.08
0.86
0.74
0.66
1.70
3.82
2.86
1.26
2.40
2.16

1.72
3.00
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1.38
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0.94
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3.10
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2.42
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0.88
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60.64
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63.36
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61.46
61.34
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61.20
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63.68
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97.64
96.76
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56.58
51.38
51.78
56.76
47.26
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56.46
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47.82
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47.16
43.52
49.42
46.90
41.00
48.02
46.80
50.56
50.68
46.94
43.18
48.76
46.84
40.16
48.12

95.10
94.20
94.58
95.06
92.90
94.18
95.14
94.74
94.96
94.86
93.78
94.06
94.84
92.78

31.76
24.88
27.16
31.34
19.60
26.08
30.88
37.08
35.08
31.94
25.30
25.48
32.46
19.98
25.44

21.58
20.66
24.50
21.04
18.00
23.50
21.38
26.18
27.06
22.06
19.52
24.70
21.48
17.44
23.38

86.20
81.78
85.20
86.28
78.62
83.80
86.10
84.90
86.20
86.54
80.88
84.48
86.46
78.62



SMU Classification: Restricted

500 5 3 3.16 2.54 11.54 6.00 1.18 96.74 93.76 83.22
(d) Group Interaction |, CH-1
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 3.90 2.96 19.06 11.14 2.26 58.80 46.90 22.34
50 1 2 4.75 3.67 27.16 17.34 6.00 56.44 41.92 15.94
50 1 3 4.24 3.33 22.38 14.02 4.40 57.48 41.58 18.42
50 2 1 3.54 2.70 15.30 8.16 1.54 59.18 47.28 24.16
50 2 2 3.97 3.12 18.96 11.00 3.14 51.02 35.48 13.20
50 2 3 3.69 2.92 17.28 9.24 2.30 55.06 41.18 17.44
50 3 1 3.29 2.38 12.04 5.40 0.60 57.58 44.86 20.52
50 3 2 3.19 2.16 9.82 3.62 0.30 67.60 56.32 36.08
50 3 3 3.20 2.29 10.78 4.58 0.38 63.64 51.16 26.60
50 4 1 3.91 2.96 19.20 10.92 2.28 58.96 46.40 21.78
50 4 2 4.77 3.67 27.48 17.16 6.14 55.94 41.50 16.04
50 4 3 4.24 3.33 22.62 14.06 4.28 57.56 42.14 17.18
50 5 1 3.55 2.70 15.22 8.20 1.52 59.16 46.48 23.78
50 5 2 3.98 3.11 18.96 10.98 2.98 50.60 35.48 13.24
50 5 3 3.68 291 16.86 9.42 2.42 55.38 40.52 17.80
100 1 1 3.46 2.74 14.24 7.74 1.72 72.82 59.88 34.06
100 1 2 4.04 3.30 20.26 11.76 3.84 69.18 54.16 29.78
100 1 3 3.77 3.05 17.26 10.60 3.06 69.48 55.66 26.66
100 2 1 3.28 2.60 12.46 6.46 1.36 72.48 59.06 33.26
100 2 2 3.60 2.96 16.00 8.84 2.50 63.32 47.32 22.80
100 2 3 3.48 2.83 14.46 8.34 2.12 66.66 52.52 25.72
100 3 1 3.18 2.45 11.26 5.40 0.86 73.64 60.84 35.66
100 3 2 3.17 2.36 10.24 4.82 0.78 76.66 66.86 43.26
100 3 3 3.24 2.49 11.74 5.90 0.96 73.62 61.54 36.66
100 4 1 3.47 2.75 14.48 7.88 1.78 72.74 59.62 33.58
100 4 2 4.06 3.31 20.56 12.16 3.92 69.20 54.58 28.84
100 4 3 3.80 3.06 17.70 10.62 3.02 68.82 56.52 27.06
100 5 1 3.29 2.60 12.68 6.52 1.26 72.22 59.16 33.06
100 5 2 3.62 2.97 16.18 8.98 2.48 62.62 46.90 22.12
100 5 3 3.50 2.83 14.90 8.36 2.14 66.56 52.34 25.54
200 1 1 3.29 2.66 12.60 6.72 1.56 62.78 49.00 25.92
200 1 2 3.61 291 15.54 8.44 2.24 63.78 49.34 26.26
200 1 3 3.43 2.80 14.34 7.66 1.96 63.08 49.76 27.90
200 2 1 3.21 2.59 11.62 6.02 1.38 62.48 48.70 26.00
200 2 2 3.38 2.74 13.02 6.74 1.78 60.30 46.80 23.62
200 2 3 3.28 2.69 12.58 6.94 1.60 62.38 49.02 26.40
200 3 1 3.14 2.49 10.92 5.62 0.98 62.70 48.88 27.46
200 3 2 3.11 2.35 9.78 4.74 0.84 67.56 55.86 33.86
200 3 3 3.14 2.47 10.80 5.44 0.96 64.60 52.74 30.48



SMU Classification: Restricted

200 4 1 3.33 2.69 13.10 6.78 1.68 62.30 47.82 26.16
200 4 2 3.65 2.96 15.98 8.82 2.48 62.76 49.82 26.68
200 4 3 3.46 2.82 14.60 7.96 2.08 62.32 50.26 27.02
200 5 1 3.24 2.62 12.28 6.26 1.52 61.98 47.82 25.92
200 5 2 3.40 2.77 13.68 7.22 1.72 60.42 46.54 23.64
200 5 3 3.30 2.70 13.16 7.18 1.76 61.72 48.68 24.90
500 1 1 3.18 2.59 11.98 6.12 1.42 96.82 93.80 82.42
500 1 2 3.28 2.68 12.66 6.54 1.60 96.16 93.36 81.70
500 1 3 3.26 2.71 12.52 7.00 1.60 96.36 93.24 81.10
500 2 1 3.14 2.55 11.68 5.84 1.34 96.82 93.88 82.16
500 2 2 3.17 2.59 11.68 5.78 1.38 95.60 91.78 78.30
500 2 3 3.18 2.65 11.96 6.40 1.48 96.12 92.74 80.22
500 3 1 3.11 2.50 11.36 5.50 1.20 96.86 93.92 81.86
500 3 2 3.05 2.41 9.88 4.78 1.02 96.68 94.08 83.72
500 3 3 3.11 2.53 11.18 5.66 1.22 96.60 93.52 82.28
500 4 1 3.19 2.60 12.26 6.12 1.34 96.82 93.82 82.60
500 4 2 3.29 2.68 12.86 6.60 1.60 96.24 93.30 81.18
500 4 3 3.27 2.72 12.58 7.16 1.56 96.32 92.74 81.00
500 5 1 3.15 2.57 11.86 5.90 1.30 96.82 93.82 82.74
500 5 2 3.18 2.59 11.80 5.90 1.46 95.46 92.22 77.70
500 5 3 3.20 2.65 12.04 6.60 1.46 96.18 92.54 80.12
Table 4: Emprical Size and Power of Tests HO: A = 0 vs Ha: A = (.03, .03, .03), T=6, p=0.5
(a) Group Interactionl, CH-0
Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 3.38 2.60 13.15 7.40 1.30 89.95 82.45 61.25
50 1 2 3.92 3.02 19.50 10.95 2.60 87.10 78.05 52.45
50 1 3 3.81 2.95 17.45 10.00 2.35 85.05 73.35 49.75
50 2 1 3.13 2.42 10.95 5.55 0.85 90.35 82.10 59.25
50 2 2 3.43 2.68 14.65 7.95 1.40 79.70 68.75 42.25
50 2 3 3.44 2.70 13.55 7.15 1.75 83.85 71.50 43.75
50 3 1 3.04 2.31 9.95 4.80 0.45 89.40 81.40 56.60
50 3 2 3.03 2.20 9.15 3.20 0.35 91.45 85.70 65.15
50 3 3 3.21 2.38 10.90 5.35 0.65 88.00 77.85 57.40
50 4 1 3.40 2.62 13.50 7.50 1.50 88.85 82.10 59.20
50 4 2 3.91 3.01 19.80 11.20 2.60 86.35 78.65 50.45
50 4 3 3.82 2.96 17.85 10.20 2.35 85.05 73.35 50.05
50 5 1 3.14 2.44 11.30 5.60 1.00 89.30 81.70 56.95
50 5 2 3.42 2.67 14.35 7.50 1.40 79.00 69.30 39.55
50 5 3 3.45 2.69 13.90 7.60 1.70 83.05 71.60 45.15
100 1 1 3.30 2.63 13.25 6.55 1.40 94.25 88.60 68.75
100 1 2 3.63 2.85 15.60 8.55 1.90 93.75 87.30 67.45
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5.75
5.35
4.70
6.00
6.40
5.15
5.80
6.10
4.90

1.65
1.25
1.65
1.50
1.10
0.90
0.90
1.50
2.15
1.75
1.20
1.50
1.50

1.75
1.85
1.95
1.45
1.35
1.75
1.40
0.45
1.40
1.70
1.70
1.95
1.55
1.35
1.75

1.50
1.40
0.95
1.40
1.25
0.90
1.45
1.20
0.80
1.60
1.45
1.15
1.55
1.40
0.95

95.65
94.10
90.60
95.00
93.90
95.00
96.00
93.75
93.60
95.55
93.70
91.10
94.85

99.55
99.30
99.45
99.50
99.00
99.45
99.55
99.35
99.50
99.50
99.35
99.55
99.60
99.10
99.40

100.00
100.00

99.95
100.00
100.00

99.95
100.00
100.00

99.95
100.00
100.00
100.00
100.00
100.00
100.00

91.45
88.80
83.75
89.85
88.70
90.75
93.75
88.00
87.20
91.50
88.45
82.80
90.55

98.55
98.55
98.20
98.60
97.70
97.95
98.55
98.90
98.70
98.30
98.55
98.30
98.30
97.40
98.25

99.95
99.90
99.95
99.95
99.85
99.95
99.95
99.95
99.95
99.90
99.75
99.95
99.90
99.70
99.95

67.10
69.00
57.00
63.20
69.20
76.20
73.75
70.05
69.35
68.95
70.65
58.40
65.15

94.15
93.60
90.60
94.20
90.60
89.20
94.35
95.70
93.10
93.65
93.80
90.55
93.60
90.35
88.80

99.00
98.60
99.55
99.00
98.00
99.50
99.00
98.75
99.65
99.00
98.40
99.30
98.95
97.55
99.10
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(b) Group Interaction |, CH-1

Empirical Size Size-Adjusted Power

n Test DGP Mean sd 10% 5% 1% 10% 5% 1%
50 1 1 3.37 2.58 13.30 7.35 1.15 88.10 80.15 60.70
50 1 2 3.90 3.00 19.25 11.05 2.70 83.05 73.35 51.55
50 1 3 3.92 3.02 19.10 10.95 2.65 82.50 72.40 47.15
50 2 1 3.12 2.40 10.85 5.60 0.75 88.50 80.50 59.90
50 2 2 3.39 2.65 13.80 7.75 1.20 78.10 65.40 42.05
50 2 3 3.52 2.71 15.15 8.15 1.45 79.40 69.15 46.05
50 3 1 3.03 2.28 10.10 4.50 0.40 87.55 78.90 54.00
50 3 2 2.97 2.12 8.20 3.60 0.00 88.65 82.55 70.50
50 3 3 3.26 2.37 11.50 5.45 0.70 84.80 75.65 54.35
50 4 1 3.39 2.59 13.95 7.05 1.20 87.90 79.75 58.65
50 4 2 3.92 3.02 19.15 11.65 2.80 82.60 73.40 49.80
50 4 3 3.92 3.01 19.00 10.35 2.60 83.20 72.95 47.60
50 5 1 3.12 2.41 11.05 5.60 0.80 87.90 80.45 58.90
50 5 2 3.40 2.66 14.10 7.85 1.30 76.75 63.70 38.30
50 5 3 3.52 2.71 14.80 7.85 1.35 80.85 70.10 46.95
100 1 1 3.21 2.52 11.95 6.45 1.00 97.00 93.55 82.15
100 1 2 3.70 3.07 17.00 9.65 2.70 94.65 88.50 68.45
100 1 3 3.48 2.77 14.55 7.05 1.80 96.30 93.70 75.40
100 2 1 3.08 2.42 10.95 5.70 0.65 97.05 93.20 81.80
100 2 2 3.41 2.81 13.85 8.10 2.00 91.30 81.65 56.35
100 2 3 3.28 2.62 12.05 5.85 1.25 95.80 91.25 69.90
100 3 1 3.05 2.36 10.60 5.25 0.55 97.15 93.90 83.30
100 3 2 3.16 2.46 11.55 5.70 0.75 96.00 92.85 83.20
100 3 3 3.16 2.42 10.50 4.55 0.75 96.85 94.50 79.95
100 4 1 3.21 2.53 12.20 6.50 1.00 97.05 93.05 82.65
100 4 2 3.73 3.09 16.95 10.00 3.10 94.70 88.15 69.80
100 4 3 3.49 2.79 14.20 7.25 2.05 96.20 93.90 73.30
100 5 1 3.08 2.42 10.75 5.65 0.70 96.90 92.80 81.95
100 5 2 3.43 2.82 14.00 7.90 2.15 90.65 81.80 57.70
100 5 3 3.28 2.63 12.25 5.70 1.45 95.85 92.00 68.50
200 1 1 3.13 2.52 10.00 5.70 1.30 99.60 98.85 94.80
200 1 2 3.21 2.61 13.00 6.00 1.45 99.20 98.45 94.90
200 1 3 3.19 2.63 11.15 6.20 1.45 99.60 98.80 94.20
200 2 1 3.07 2.47 9.15 5.40 1.10 99.60 98.85 94.60
200 2 2 3.07 2.51 11.50 5.15 1.00 98.85 97.90 91.90
200 2 3 3.09 2.55 10.25 5.55 1.25 99.40 98.60 93.40
200 3 1 3.04 2.42 9.00 5.15 0.85 99.60 98.90 95.20
200 3 2 2.95 2.33 9.75 4.25 0.65 99.30 98.70 96.40
200 3 3 3.02 2.45 9.60 5.20 1.00 99.65 98.90 95.10
200 4 1 3.13 2.51 9.70 5.65 1.35 99.60 99.00 94.00
200 4 2 3.22 2.62 12.55 6.70 1.55 99.20 98.65 94.20
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200 4 3 3.20 2.63 11.60 6.30 1.35 99.65 98.70 94.25
200 5 1 3.07 2.46 9.35 5.15 1.30 99.60 99.05 93.95
200 5 2 3.08 2.51 11.35 5.70 1.10 98.95 97.80 90.10
200 5 3 3.09 2.54 10.50 5.70 1.20 99.45 98.40 93.15
500 1 1 3.02 2.47 10.10 5.25 0.95 100.00 99.95 99.25
500 1 2 3.15 2.48 12.15 6.15 0.95 100.00 99.95 99.50
500 1 3 3.16 2.56 11.45 5.80 1.25 99.95 99.90 99.15
500 2 1 2.99 2.45 9.85 5.00 0.95 100.00 99.95 99.25
500 2 2 3.09 2.42 11.65 5.55 0.85 100.00 99.90 99.05
500 2 3 3.12 2.52 11.15 5.50 1.15 99.95 99.90 99.05
500 3 1 2.98 2.43 9.95 4.85 0.85 100.00 99.95 99.25
500 3 2 3.04 2.34 10.90 4.65 0.35 100.00 99.95 99.75
500 3 3 3.09 2.48 10.75 5.10 1.15 99.95 99.95 99.20
500 4 1 3.02 2.49 10.20 5.45 1.05 100.00 99.90 99.10
500 4 2 3.16 2.49 11.85 6.10 0.90 100.00 99.90 99.45
500 4 3 3.18 2.54 11.25 6.00 1.25 99.95 99.85 98.90
500 5 1 2.99 2.47 9.95 5.25 1.00 100.00 99.90 99.10
500 5 2 3.10 2.43 11.45 5.45 0.65 99.95 99.85 99.10
500 5 3 3.14 2.50 10.80 5.55 1.20 99.95 99.90 98.80
Table 5: Emprical Size of Tests HO: A; = A, = 0 vs Ha: A, = (.03, .03, .03)
(a) Queen, (p, A3) =(-.5,.9), T=3, CH-0
n Test DGP Mean sd 10% 5% 1%
50 1 1 2.49 2.40 16.14 9.16 1.94
50 1 2 3.09 2.97 22.88 13.86 5.14
50 1 3 2.69 2.63 18.42 11.20 3.08
50 2 1 2.16 2.09 12.24 6.00 1.18
50 2 2 2.40 2.36 14.34 7.92 2.20
50 2 3 2.20 2.16 12.54 6.56 1.30
50 3 1 2.02 1.86 10.14 4.30 0.58
50 3 2 1.99 1.75 8.40 3.26 0.48
50 3 3 1.97 1.79 8.90 3.88 0.46
50 4 1 2.61 2.47 17.16 9.80 2.58
50 4 2 3.61 3.47 28.76 19.62 7.86
50 4 3 3.03 2.95 22.50 13.76 4.66
50 5 1 2.18 2.08 11.34 6.00 1.32
50 5 2 2.54 2.49 16.78 9.66 2.66
50 5 3 2.34 2.32 13.98 7.46 1.94
100 1 1 2.21 2.19 12.36 7.00 1.48
100 1 2 2.69 2.73 17.58 10.72 3.32
100 1 3 2.42 2.39 15.42 8.36 2.00
100 2 1 2.05 2.03 10.42 5.26 1.06
100 2 2 2.28 2.34 13.36 7.22 2.00
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100 2 3 2.16 2.14 11.88 5.94 1.06
100 3 1 1.98 1.90 9.48 4.60 0.72
100 3 2 2.04 1.90 9.50 4.74 0.68
100 3 3 2.01 1.87 9.76 4.44 0.56
100 4 1 2.35 2.30 13.28 7.28 2.00
100 4 2 2.93 2.96 20.84 13.16 4.46
100 4 3 2.63 2.55 16.54 9.62 2.96
100 5 1 2.09 2.02 10.34 5.30 1.04
100 5 2 2.31 2.34 13.94 7.78 1.90
100 5 3 2.22 2.15 11.68 6.16 1.48
200 1 1 2.09 2.07 10.94 5.22 1.22
200 1 2 2.36 2.35 14.02 7.88 1.78
200 1 3 2.26 2.28 13.06 7.22 1.86
200 2 1 2.00 1.98 10.16 4.74 1.08
200 2 2 2.13 2.13 11.68 5.60 1.32
200 2 3 2.10 2.12 11.16 6.08 1.46
200 3 1 1.96 1.91 9.50 4.28 0.92
200 3 2 1.99 1.90 9.30 4.38 0.76
200 3 3 2.02 1.96 10.12 5.02 0.88
200 4 1 2.30 2.27 12.68 7.02 1.86
200 4 2 2.71 2.65 19.04 11.06 3.16
200 4 3 2.45 2.49 15.68 8.94 2.28
200 5 1 2.14 2.12 11.06 6.06 1.34
200 5 2 2.24 2.20 12.94 6.76 1.52
200 5 3 2.17 2.20 12.22 6.56 1.60
(b) Queen, (p, A3) =(.5,-.9), T=3, CH-0

n Test DGP Mean sd 10% 5% 1%
50 1 1 2.40 2.39 15.00 8.46 2.14
50 1 2 3.13 3.07 23.62 14.66 4.96
50 1 3 2.68 2.68 17.94 10.72 3.32
50 2 1 2.09 2.08 11.26 5.58 1.24
50 2 2 2.44 241 15.30 8.38 2.40
50 2 3 2.21 2.23 12.18 6.64 1.42
50 3 1 1.98 1.87 9.68 4.12 0.74
50 3 2 2.02 1.77 9.24 3.90 0.34
50 3 3 2.01 1.88 9.78 4.52 0.56
50 4 1 2.46 2.44 15.48 9.00 2.24
50 4 2 3.32 3.23 25.00 16.38 6.06
50 4 3 2.72 2.71 18.72 11.22 3.42
50 5 1 2.10 2.06 10.80 5.86 1.04
50 5 2 2.44 2.37 15.40 8.20 2.20
50 5 3 2.18 2.16 12.32 6.64 1.32
100 1 1 2.22 2.23 13.08 6.62 1.46
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100 1 2 2.59 2.59 17.38 10.40 2.92
100 1 3 2.36 2.34 13.86 7.60 2.00
100 2 1 2.06 2.06 11.34 5.48 1.06
100 2 2 2.21 2.22 12.88 7.14 1.60
100 2 3 2.10 2.08 10.82 5.60 1.10
100 3 1 2.00 1.94 10.04 4.82 0.80
100 3 2 1.97 1.83 9.42 4.26 0.40
100 3 3 1.96 1.84 8.90 3.98 0.72
100 4 1 2.24 2.25 12.78 7.52 1.52
100 4 2 2.76 2.79 19.28 12.26 3.62
100 4 3 2.48 2.48 15.58 9.18 2.40
100 5 1 2.06 2.05 10.80 5.72 1.02
100 5 2 2.24 2.29 13.22 7.38 1.66
100 5 3 2.16 2.15 12.06 6.10 1.42
200 1 1 2.08 2.05 10.76 5.48 1.16
200 1 2 2.34 2.34 13.84 8.28 1.84
200 1 3 2.25 2.23 12.48 6.98 1.58
200 2 1 1.99 1.96 9.62 4.90 0.92
200 2 2 2.11 2.11 11.54 6.22 1.22
200 2 3 2.10 2.08 10.84 5.68 1.18
200 3 1 1.96 1.91 9.18 4.48 0.68
200 3 2 1.98 1.88 10.06 4.62 0.64
200 3 3 2.02 1.92 9.72 472 0.84
200 4 1 2.12 2.08 11.24 5.60 1.14
200 4 2 243 2.44 15.30 9.18 2.48
200 4 3 2.34 2.31 13.74 7.60 1.82
200 5 1 2.02 1.97 10.16 4.88 0.84
200 5 2 2.13 2.15 11.90 6.56 1.50
200 5 3 2.14 2.10 11.64 5.96 1.08
(c) Queen, (p, A3) =(-.9, .9), T=3, CH-0

n Test DGP Mean sd 10% 5% 1%
50 1 1 2.62 2.44 17.46 10.32 2.38
50 1 2 3.46 3.15 27.64 17.86 6.06
50 1 3 2.97 2.78 21.80 13.06 4.02
50 2 1 2.17 1.98 12.32 5.38 0.80
50 2 2 2.54 2.33 16.32 8.58 2.02
50 2 3 2.33 2.15 13.74 6.90 1.34
50 3 1 2.03 1.79 9.50 3.66 0.42
50 3 2 2.04 1.66 8.38 3.10 0.16
50 3 3 2.03 1.73 8.96 3.56 0.20
50 4 1 2.58 2.39 17.28 9.82 1.92
50 4 2 3.26 3.06 25.14 15.88 5.36
50 4 3 294 2.79 21.14 13.02 4.08
50 5 1 2.06 1.87 10.18 4.38 0.62
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50 5 2 2.25 2.13 12.66 6.70 1.12
50 5 3 2.18 2.07 11.96 5.80 1.14
100 1 1 2.32 2.21 13.32 7.14 1.36
100 1 2 3.11 3.00 23.28 14.80 4.54
100 1 3 2.63 2.51 17.82 10.16 2.52
100 2 1 2.09 1.96 10.42 5.02 0.70
100 2 2 2.51 2.39 16.40 9.14 2.02
100 2 3 2.25 2.13 13.22 6.98 0.96
100 3 1 2.01 1.83 9.28 4.12 0.42
100 3 2 2.14 1.86 10.96 4.56 0.44
100 3 3 2.06 1.84 10.16 4.44 0.38
100 4 1 2.27 2.12 12.68 6.44 1.32
100 4 2 2.73 2.58 18.14 10.30 2.90
100 4 3 2.51 2.39 16.00 8.68 2.04
100 5 1 2.00 1.83 9.02 4.12 0.50
100 5 2 2.16 2.02 10.90 5.32 1.06
100 5 3 2.09 1.95 10.54 4.84 0.76
200 1 1 2.12 2.05 11.40 5.56 1.22
200 1 2 2.59 2.47 17.54 9.54 2.36
200 1 3 2.35 2.27 14.18 7.92 1.62
200 2 1 2.01 1.94 9.94 4.64 0.80
200 2 2 2.26 2.17 13.16 6.76 1.46
200 2 3 2.15 2.07 11.80 6.08 0.98
200 3 1 1.97 1.87 9.36 4.22 0.64
200 3 2 2.07 1.88 10.28 4.54 0.62
200 3 3 2.05 1.89 10.44 4.78 0.58
200 4 1 2.11 2.01 11.40 5.50 0.72
200 4 2 2.40 2.26 15.06 7.58 1.62
200 4 3 2.30 2.24 13.86 7.02 1.42
200 5 1 1.98 1.88 9.88 4.70 0.42
200 5 2 2.08 1.96 10.38 5.40 0.70
200 5 3 2.08 2.03 11.06 5.18 1.00
(d) Queen, (p, A3) =(-.5,.9), T=3, CH-1

n Test DGP Mean sd 10% 5% 1%
50 1 1 291 2.82 20.68 12.68 4.10
50 1 2 3.61 3.64 28.18 19.74 8.22
50 1 3 3.25 3.29 24.30 15.98 6.22
50 2 1 2.35 2.31 14.02 7.58 1.98
50 2 2 2.62 2.71 17.56 10.78 3.28
50 2 3 2.47 2.55 15.46 9.20 2.74
50 3 1 2.05 1.83 9.44 4.12 0.50
50 3 2 2.01 1.74 9.34 3.40 0.28
50 3 3 2.01 1.82 8.70 3.96 0.64
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50 4 1 3.12 2.99 22.84 14.02 5.22
50 4 2 4.06 4.12 31.86 22.24 10.62
50 4 3 3.67 3.63 28.50 19.66 8.12
50 5 1 241 2.32 14.24 8.04 1.94
50 5 2 2.70 2.82 18.14 11.06 3.80
50 5 3 2.61 2.62 16.88 10.36 2.96
100 1 1 2.44 2.39 15.30 8.58 2.10
100 1 2 3.01 3.09 21.36 13.26 4.44
100 1 3 2.65 2.71 17.62 10.60 3.20
100 2 1 2.14 2.11 11.88 5.90 1.26
100 2 2 243 2.54 14.60 8.32 2.48
100 2 3 2.25 2.33 13.32 7.12 2.00
100 3 1 2.02 1.89 9.94 4.64 0.64
100 3 2 2.05 1.87 9.88 4.70 0.66
100 3 3 2.02 1.91 10.38 4.38 0.92
100 4 1 2.60 2.55 17.40 10.20 2.82
100 4 2 341 3.40 26.02 17.22 6.76
100 4 3 2.88 2.85 19.80 13.06 4.08
100 5 1 2.18 2.12 12.06 6.52 1.36
100 5 2 2.52 2.59 15.82 8.94 2.84
100 5 3 2.29 2.27 13.74 7.64 1.78
200 1 1 2.26 2.26 13.10 6.86 1.70
200 1 2 2.57 2.61 16.44 9.98 2.76
200 1 3 2.38 2.34 15.04 8.52 1.70
200 2 1 2.07 2.08 10.78 5.40 1.08
200 2 2 2.21 2.27 12.66 7.24 1.70
200 2 3 2.12 2.09 12.08 6.02 0.96
200 3 1 1.98 1.90 9.50 4.44 0.64
200 3 2 1.97 1.87 9.24 4.36 0.68
200 3 3 1.97 1.84 9.80 4.30 0.44
200 4 1 2.44 2.42 15.54 8.74 2.26
200 4 2 3.12 3.20 22.32 14.38 5.70
200 4 3 2.75 2.78 19.18 11.56 3.44
200 5 1 2.16 2.14 12.12 6.40 1.32
200 5 2 2.36 241 13.74 7.78 2.02
200 5 3 2.27 2.29 13.20 7.30 1.68
(e) Queen, (p, A3) =(.5,-.9), T=3, CH-1

n Test DGP Mean sd 10% 5% 1%
50 1 1 2.93 2.89 21.04 12.92 4.36
50 1 2 3.83 3.89 29.90 20.86 9.22
50 1 3 3.25 3.24 24.38 16.10 5.88
50 2 1 2.38 2.36 14.12 8.18 2.12
50 2 2 2.83 2.93 19.92 12.14 4.40
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50 2 3 2.49 2.50 16.24 9.62 2.72
50 3 1 2.04 1.84 9.74 4.28 0.42
50 3 2 2.07 1.79 9.46 3.80 0.50
50 3 3 2.03 1.80 9.50 4.04 0.48
50 4 1 3.03 3.03 22.20 14.06 4.78
50 4 2 4.07 4.13 32.18 23.24 10.62
50 4 3 3.27 3.25 24.34 16.06 6.44
50 5 1 2.38 2.34 14.74 7.88 2.16
50 5 2 2.84 2.90 20.34 12.32 4.28
50 5 3 2.43 2.41 15.16 8.74 2.14
100 1 1 2.46 2.40 15.38 8.86 2.24
100 1 2 3.01 2.98 21.78 13.76 4.60
100 1 3 2.70 2.65 17.88 10.52 3.28
100 2 1 2.17 2.12 11.78 6.54 1.28
100 2 2 2.39 2.37 14.90 8.42 2.04
100 2 3 2.25 2.21 12.82 6.86 1.68
100 3 1 2.03 1.89 10.20 4.78 0.64
100 3 2 2.04 1.83 9.76 3.96 0.54
100 3 3 2.03 1.86 9.70 4.46 0.64
100 4 1 2.50 2.43 15.98 9.48 2.42
100 4 2 3.23 3.23 24.20 15.70 5.52
100 4 3 2.84 2.81 19.62 12.08 3.62
100 5 1 2.17 2.11 12.34 6.38 1.34
100 5 2 2.42 2.39 15.08 8.00 2.12
100 5 3 2.30 2.27 13.48 6.86 1.74
200 1 1 2.24 2.24 12.28 6.86 1.82
200 1 2 2.51 2.48 15.58 8.84 2.54
200 1 3 2.40 2.41 14.26 8.30 2.20
200 2 1 2.09 2.09 10.38 5.62 1.32
200 2 2 2.18 2.17 11.94 6.26 1.46
200 2 3 2.16 2.17 11.86 6.28 1.46
200 3 1 2.01 1.94 9.52 4.78 0.94
200 3 2 1.98 1.84 8.84 3.82 0.58
200 3 3 2.02 1.92 9.80 4.66 0.76
200 4 1 2.28 2.26 12.78 7.24 1.88
200 4 2 2.66 2.63 18.10 10.36 3.00
200 4 3 2.49 2.50 15.82 9.36 2.54
200 5 1 2.11 2.09 10.86 5.80 1.36
200 5 2 2.24 2.23 13.00 6.56 1.58
200 5 3 2.18 2.19 12.42 6.56 1.56
(f) Group |, CH-3, (p, A3) = (.5, .3)

n Test DGP Mean sd 10% 5% 1%
50 1 1 3.33 3.34 24.24 16.14 6.44
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SMU Classification: Restricted

500 1 1 2.35 243 13.62 7.96 2.22
500 1 2 2.52 2.68 16.16 9.52 2.78
500 1 3 2.47 2.63 15.46 8.60 2.54
500 2 1 2.10 2.18 11.12 6.32 1.40
500 2 2 2.09 2.24 11.44 6.34 1.52
500 2 3 2.13 2.28 11.68 6.24 1.78
500 3 1 2.02 2.03 10.36 5.48 0.92
500 3 2 1.89 1.86 8.90 3.98 0.58
500 3 3 1.99 1.99 9.96 4.70 0.92
500 4 1 241 243 14.64 8.56 2.38
500 4 2 2.70 2.77 18.34 10.86 3.46
500 4 3 2.50 2.60 15.30 8.70 2.68
500 5 1 2.12 2.08 11.22 5.76 1.20
500 5 2 2.19 221 12.10 6.44 1.50
500 5 3 2.09 2.10 10.40 5.28 1.28
(g) Group-ll, CH-1, (p, A3) = (.5, .3)

n Test DGP Mean sd 10% 5% 1%
50 1 1 3.12 2.97 22.76 14.82 4.46
50 1 2 3.85 3.83 30.12 21.06 9.04
50 1 3 3.47 3.23 27.60 18.64 6.18
50 2 1 2.32 2.12 13.02 6.74 1.20
50 2 2 2.62 2.53 16.90 9.60 2.70
50 2 3 2.45 2.25 15.18 7.82 1.58
50 3 1 2.12 1.83 9.82 4.30 0.62
50 3 2 2.07 1.73 9.06 3.40 0.34
50 3 3 2.09 1.75 9.00 3.76 0.32
50 4 1 3.14 2.97 23.82 14.78 5.10
50 4 2 3.84 3.76 30.16 21.10 8.86
50 4 3 3.47 3.23 27.36 18.22 6.72
50 5 1 2.29 2.05 12.78 6.26 0.88
50 5 2 2.54 2.43 15.64 8.58 2.42
50 5 3 2.37 2.15 13.46 7.02 1.36

100 1 1 2.42 2.39 15.16 8.46 2.00
100 1 2 2.98 3.03 20.54 13.34 4.90
100 1 3 2.60 2.60 17.08 9.84 2.98
100 2 1 2.04 1.96 10.20 4.80 0.82
100 2 2 2.32 2.32 13.88 7.76 2.02
100 2 3 2.09 2.04 11.00 5.48 1.08
100 3 1 1.92 1.77 8.58 3.48 0.42
100 3 2 1.99 1.78 8.90 3.80 0.44
100 3 3 1.91 1.74 8.26 3.56 0.42
100 4 1 2.53 2.46 16.22 8.96 2.24
100 4 2 3.07 3.10 22.00 13.58 4.76



SMU Classification: Restricted

100 4 3 2.69 2.64 17.84 10.60 2.98
100 5 1 2.10 1.99 10.62 5.20 1.10
100 5 2 2.32 2.29 13.08 6.92 1.74
100 5 3 2.13 2.04 11.42 5.32 1.14
200 1 1 2.19 2.23 12.30 6.86 1.58
200 1 2 2.48 2.52 15.48 8.72 2.54
200 1 3 2.29 2.32 13.28 7.34 1.92
200 2 1 2.01 2.01 9.98 5.32 1.04
200 2 2 2.12 2.13 11.28 5.86 1.30
200 2 3 2.04 2.03 10.46 5.14 1.14
200 3 1 1.95 1.91 9.16 4.60 0.82
200 3 2 1.95 1.84 9.02 3.96 0.60
200 3 3 1.93 1.84 9.04 3.88 0.62
200 4 1 2.26 2.28 12.50 7.00 1.88
200 4 2 2.55 2.60 16.16 9.22 2.76
200 4 3 2.36 2.35 14.32 7.76 2.16
200 5 1 2.06 2.04 10.46 5.44 1.20
200 5 2 2.16 2.18 11.22 5.86 1.56
200 5 3 2.07 2.05 11.16 5.46 1.14
500 1 1 1.99 1.97 9.72 4,92 0.94
500 1 2 2.17 2.19 11.92 6.38 1.42
500 1 3 2.07 2.06 11.06 5.34 1.16
500 2 1 1.89 1.86 8.80 4.16 0.58
500 2 2 1.97 1.99 9.76 4.82 0.96
500 2 3 1.92 1.90 9.36 4.32 0.84
500 3 1 1.86 1.81 8.44 3.88 0.46
500 3 2 1.89 1.83 8.62 4.10 0.58
500 3 3 1.86 1.79 8.28 3.54 0.50
500 4 1 2.13 2.08 11.92 5.66 1.12
500 4 2 2.33 2.31 14.00 7.42 2.04
500 4 3 2.23 2.22 12.84 6.72 1.76
500 5 1 2.01 1.96 10.44 4.62 0.84
500 5 2 2.07 2.04 10.76 5.38 0.96
500 5 3 2.03 2.02 10.44 5.18 1.12
(h) Group-Il, CH-2, (p, A3) = (.5, .3)

n Test DGP Mean sd 10% 5% 1%
50 1 1 291 2.75 20.12 12.04 3.76
50 1 2 3.54 3.34 27.80 18.68 6.82
50 1 3 3.17 3.08 23.50 15.34 5.66
50 2 1 2.33 2.12 12.92 6.44 1.28
50 2 2 2.57 241 16.12 9.06 2.28
50 2 3 2.41 2.29 14.52 8.32 1.82
50 3 1 2.22 1.94 11.70 5.06 0.82
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SMU Classification: Restricted
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SMU Classification: Restricted

500 2 3 2.30 2.24 13.54 7.16 1.48
500 3 1 2.30 2.24 12.92 7.10 1.76
500 3 2 2.27 2.22 12.48 6.66 1.78
500 3 3 2.26 2.17 13.04 6.76 1.34
500 4 1 2.12 2.10 11.50 5.88 1.24
500 4 2 2.26 2.28 13.10 7.58 1.62
500 4 3 2.19 2.14 11.98 6.76 1.40
500 5 1 2.01 1.99 10.12 4,72 1.00
500 5 2 2.02 2.02 10.52 5.44 0.86
500 5 3 2.00 1.95 9.66 5.22 0.90
(i) Group-Il, CH-3, (p, A3) = (.5, .3)

n Test DGP Mean sd 10% 5% 1%
50 1 1 5.93 5.51 46.64 37.58 22.54
50 1 2 7.51 6.88 56.02 46.96 30.26
50 1 3 6.56 5.92 51.64 41.66 25.44
50 2 1 3.05 3.26 21.82 14.70 5.70
50 2 2 3.63 3.92 26.92 18.62 8.60
50 2 3 3.15 3.36 22.66 15.02 5.94
50 3 1 2.30 2.01 13.42 6.22 0.68
50 3 2 2.16 1.74 9.46 3.90 0.26
50 3 3 2.18 1.85 11.10 4.74 0.44
50 4 1 5.50 5.01 45.04 35.08 19.90
50 4 2 6.57 6.04 51.98 41.90 25.16
50 4 3 6.01 5.36 48.98 39.00 22.16
50 5 1 2.76 2.71 18.92 11.40 3.24
50 5 2 3.13 3.26 22.56 14.38 5.36
50 5 3 2.88 2.96 19.64 11.86 4.22

100 1 1 3.64 3.95 26.60 18.36 8.90
100 1 2 4.86 5.39 36.62 27.96 15.14
100 1 3 4.26 4.78 32.12 23.90 12.30
100 2 1 2.64 2.89 16.88 11.10 4.02
100 2 2 3.09 3.60 21.88 14.62 5.92
100 2 3 2.88 3.22 20.18 13.46 5.26
100 3 1 2.19 2.06 11.64 6.48 0.98
100 3 2 2.09 1.82 9.76 4.28 0.42
100 3 3 2.15 1.99 12.28 5.30 0.80
100 4 1 3.53 3.73 26.28 18.14 7.74
100 4 2 4.70 5.00 36.20 27.04 14.52
100 4 3 4.05 431 30.50 22.08 10.50
100 5 1 2.53 2.59 16.30 9.50 2.74
100 5 2 2.85 3.01 19.24 12.18 4.26
100 5 3 2.62 2.73 16.90 10.14 3.36
200 1 1 3.53 3.40 27.94 18.72 7.12



200
200
200
200
200
200
200
200
200
200
200
200
200
200

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

v 0 L A B P W W WNDNNPREPR

U Ll L1 D D D W W WNNNPRPRPPR

W NP WNEFEPE WONEFEP WONPFP WwWN

W N P W NP WDNPEFEP WON PP WDN -

4.28
3.83
2.72
2.93
2.79
2.63
2.51
2.57
2.67
3.26
2.84
2.17
2.28
2.16

4.14
4.49
4.38
3.54
3.55
3.60
3.50
3.28
3.44
2.28
2.62
2.46
2.05
2.11
2.09

4.28
3.74
2.61
2.97
2.71
2.45
2.27
2.36
2.61
3.34
2.89
2.10
2.34
2.17

3.78
4.02
3.91
3.26
3.18
3.26
3.17
2.75
2.98
2.37
2.65
2.49
2.12
2.12
2.12

SMU Classification: Restricted
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SMU Classification: Restricted
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