TESTING COEFFICIENTS CONSTANCY &
SPECIFICATION OF INTERACTIVE EFFECTS

Miguel A. Delgado &  Luis A. Arteaga-Molina
Universidad Carlos Il de Madrid Universidad de Cantabria

L.S.E.

December 7th 2017



ok W=

OUTLINE

Motivation.

Characterization of the null hypothesis.

Testing procedure.

Test statistic & critical values
Real data application.

Monte Carlo.

2 /64



1. MOTIVATION



RANDOM COEFFICIENT MODEL (VARYING INTERCEPT)

Random Vector: (Y, Z, Xi1, ..., X1k, X21, -y Xoky )
Y = Bo(Z2)+B1(2) - Xuu+ . 4 By (2) - Xuny
+ 01 Xo1 + ... + 0k, - Xog, + &,
,BJ- : IR — IR unknown functions, j = 0,1, ..., k
Bo(Z) — Varying intercept
B;(Z) — Varying marginal effects, j =1, ..., k

0; — Constant marginal effects, j =1, ..., ko
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RANDOM COEFFICIENT MODEL (CONST. INTERCEPT)

Random Vector: (Y, Z, Xi1, ..., X1k, X21, -y Xoky )
Y =By +B(2) Xu1 + .. 4 By (Z) - Xiy
+ 01 Xo1 + ... + 0k, - Xok, + &,
,BJ- : IR — IR unknown functions, j = 0,1, ..., k
B, — Constant intercept
B;(Z) — Varying marginal effects, j =1, ..., k

0; — Constant marginal effects, j =1, ..., ko
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REFERENCES ON VARYING COEFFICIENT MODELS

Partially Linear Model: Constant slopes (marginal effects)

ko = 0, Var(By(2)) >0 & Var(B;(Z2)) =0, j=1,.. k.

Shiller (1984, JASA), Wahba (1985, Ann. Stat.), Engle, Granger,
Rice & Weiss (1986, JASA), N.E. Heckman (1986, JRSSB),

Shick (1986), Speckman (1988, JRSSB), Chen (1988, Ann. Stat.),

Robinson (1988, Eca.).
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Varying Coefficient Model: (all coefficients varying)

ke = 0, Var(p,(2)) >0, j=1, .. k.

Cleveland, Grosse and Shyu (1991, Book), Hastie & Tibshinari
(1993, JRSSB), Chen & Tsay (1993, JASA), McCabe and
Tremayne (1995, Ann. Stat.), Wu, Chiang & Hoover (1998,
JASA), Fan & Zhang (1999, Ann. Stat.), Chiang, Rice & Wu
(2001, JASA), Hoover, Rice, Wu & Yang (1998, JASA), Fan &
Zhang (2000, JRSSB), Cai, Fan & Yao (2000, JASA), Kim (2007,
Ann. Stat.), Hoderlain & Sherman (2015, J. Econ.), Feng, Gao,
Peng & Zhang (2017, J. Econ.)
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Semivarying Coefficient Model: (some coefficients varying)

Var(,Bj(Z)) > 0, j=0,1,.. k.

Zhang, Lee & Song (2002, JMA), Xia, Zhang & Tong (2004,
Biometrika), Li, Xue & Lian (2011, JMA), Li, Chen & Lin (2011,
JSPI), Hu & Xia (2012, Stat. Sinica), Hu (2014, JSCC), Shi-qin,
Juan & Gang (2012, Phys. Proc), Li, Li, Liang & Hsiao (2017,
Econ. Rev.).
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TESTING CONSTANCY OF COEFFICIENTS

Ho : Var (51.(2)) —0forallj=01,.. k
VS

Hy : Var (ﬁj(Z)> > 0 for some j = 0,1, ..., ki

Existing Proposals:

Look at the discrepancy between the restricted & unrestricted fits.

Smooth estimates of .(-) needed for the unrestricted fit
\
Kauermann & Tutz (1999, Biometrika), Cai, Fan & Yao (2000, JASA),
Fan & Zhang (2000, JRSSB), Fan, Zhang & Zhang (2001, Ann. Stat.),
or Qu & Li (2006, Biometrics)..
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Our Proposal:

Mimicking classical stability tests in time-varying coefficient models

No smooth estimates of j.(-) needed

(,BJ() possibly discontinuous, e.g. B;(Z) = BJ- Liz<zn) )

Based on CUSUM of residuals
N2

e.g. Hinkley (1970), Brown, Durbin & Evans (1975),
Hawkins (1977, 1987), Nyblon (1989) or Andrews (1993).

Interpret (Y, X) sample sequentially observed according to Z
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APPLICATION: INTERACTIVE EFFECTS MODEL CHECKING

Y =By +B(Z2) - Xu1 + ... + By (Z) - Xuky + 80 (Z, d0)
+ Xi1-81(Z,81) + ... + Xik, - 8 (Z, 64,) + &,

p; x 1 vector of parameters: §; CIR”, j=1,.. k

gj — Linear in parameters known function.

Example: gj(Z,8;) =612 +0pZ° + ...+ 8jmZ™, j=0,1,.., ky

Ho : Var (@(z)):o all j=1,... ki
VS

H\Var (,BJ-(Z)>>O, some j=1,..., k
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MOTIVATING EXAMPLE: ETHANOL DATA

Cleveland, Grosse & Shyu (1991), and many others, example:

88 observations on the exhaut from an engine fuelled by ethanol.
NO, : Normalized concentration of nitric oxide & nitrogen dioxide
E : Equivalence ratio, measure of fuel-air mixture.

C : Compensation ratio of the engine.

NOx = Bo(E) + By (E) - C+e¢
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NON-PARAMETRIC & SEMIPARAMETIC FITS

Nadaraya — Watson: NO, =r(E,C) +¢ VCM: NO, = By(E) + By(E)C +¢
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PARAMETRIC & SEMI-PARAMETRIC FITS

p-value=0.06

NO. = Bo+ B1E + 20 + B3E*+ 34C° + 35C - E + ¢ NO, = Bo(E) + 5:1C + ¢
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Varying coefficient estimates
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MOTIVATING EXAMPLE: RETURNS OF EDUCATION

Blackbuern & Newmark (1992, QJE): Use /Q as proxy variable of

ability in returns of education.

Source: Young Men's Cohort National Longitudinal Survey (663 obs.)

WAGE : USD monthly earnings «— EDUC : Years of education

IQ : Intelligence quotient (proxy of ability)

EXPER : Years of work experience

TENURE : Years with current employer

BLACK : Dummy if black

SOUTH : Dummy 1 if live in south

URBAN : Dummy 1 if live in urban area (SMSA)
MARRIED : Dummy 1 if married.

\

Control
variables
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VARYING COEFFICIENTS DEPENDING ON /Q

1°* IQ significance test

Log (WAGE) = B,(IQ) + B,(IQ) - EDUC + 6, - EXPER + 6, - TENURE

+63 - BLACK + 84 - SOUTH + 85 - URBAN + 8¢ - MARRIED + ¢

Ho : Var(B,(IQ))=0, j=10,1 vs Hi:Var(B,(IQ))>0 or Var(B,(IQ))>0

OLS fits under Hy

Log (WAGE) = 5.395 + 0.065 EDUC + ....
(0.054)  (0.006)

Log (WAGE) = 5.176 + 0.054 EDUC + 0. OO36IQ + ..
(0.128)  (0.006) (0.0

Log (WAGE) =5.6 +0.0 18EDUC — 0.009 /Q + 0.00034/Q - EDUC + ..
(0.5)  (0.041) (0.0052) (0.00038)
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2" Specification test

Ho : Log (WAGE) = B, - EDUC + By+ 61 - 1Q + 65 - (1Q - EDUC)

+03 - EXPER + 64 - TENURE + ... +¢

Hi : Log (WAGE) = [B,(IQ) + 62 - IQ] - EDUC + By + 611Q+
+0,EXPER + 63 TENURE + ... +¢

with Var (8,(1Q)) >0
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B1Q)

VARYING COEFFICIENTS ESTIMATES

Log (WAGE) = B,(IQ) + B,(IQ)EDUC +..

Plug-in bandwidth

B, (1Q)
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NOTATION & BASIC ASSUMPTIONS
Y =X1B(Z) + X, 5+,

1 Xo1 ,BOE g o1

X11 X22 B P

X]. = X2 = . ﬂ('> = 1 , 5 = .
Xk Xk, k1( ) Ok,

E (el Z,X) =0 as.

Fz(z) =P (Z < z) continuous — U = Fz(Z) ~ U(0,1)

Xy - l{Ugu}
X (u) =E (X(u) X (u)') non-singular, X(u) = | Xi- Liusuy
(2(k1+1)+kp)x1 X;
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2. CHARACTERIZATION
OF
THE NULL HYPOTHESIS.



CHARACTERIZATION OF Hy : B(Z) = B a.s.

b*,b™,b°

0~ (u)
(6+(u))arg min {IE [(Y —Xib™ — Xlzbo)2 1{U§u}}
+1E[(Y —X'bt — X’zb")2 1{U>u}} }

2
= arg minlE <Y - Xll].{U<u}b_ - Xll{U>u}b+ - X,2 bo>
b*,b~ b° a
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TARGET FUNCTION

n(u) =6 (u) — 0" (u)

Ho : Var (ﬁj(Z)> —0allj=0,.. k
N

#(u) =0 forall u e (0,1)

We consider

Ho:(u) =0all ue (0,1)
vs

Ho : y(u) # 0 some u € (0,1)

19 /64



1.) Consider the case

E (X;X}| Z) =E (XiX}), i,j=12 as.

—0allue(0,1)

Ho : Var (@(Z)) —0allj=0,.. k
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2.) Consider the case

5=0 ie Y=XBZ) +e
#(u) =0 for all u e (0,1)
0

E (XiX18(Z)1{y<uy) E (XiXi1y<y) = E (XiX{B(2)) E (X1 X;)

0

Ho : Var (@(Z)) —0allj=0,.. k
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3. TESTING PROCEDURE



INDUCED ORDER STATISTICS (10S) OR CONCOMITANTS

Given a sample {Y;, Z;, X,-};’Z1 .
Order statistics of {ZY,: Zhn < Zoip < ... < Zpip
Generic sample — {&;}7_;

¢ — Induced order statistics (or ¢ — concomitants) of {Z;}"_;

4

g[l:n]' ""g[n:n] such that C[i:n} = (:J < L, = ZJ
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@_
A A &1 1 .
b(w)= (0" | () =2 (u)-) Xi(v)Y,
éo =1
1 1 , X1 7220}
Y (u) = E ZX,’(U)X,‘(U) & XI( ) = Xli ' l{Zi>ZLnuJ:n}
i=1

Testing procedure:

Check whether 7 (u) = (é_ - @+> (u) is close to zero uniformly in u
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CONSISTENCY

Assume:
A1 E[X;Y| <oo,j=1,2, and Z(u) exists and p.d. for
alluve [m1—mn], me (0,1)
A.2. F7 is continuous.

Applying a Glivenko-Cantelli argument,
lim sup ||[(£—2X) (u)||=0as.
uel0,1]

n—oo

LY X(w)Y; — E (X(0)Y)

ni=

lim sup =0as.

=% 4el0,1]

4

lim  sup |[(f—1)(u)]|=0as., me (0,1)

=% yeln,1-n

26
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ASYMPTOTIC NORMALITY

Under Hp : B(Z) = B as.,
b (u)-B L
Vvn (f)+(u)_’[3 =X (u)B(u), ver1—m]
0°(u)— 6

1 | nu]

I§-u Xiin)€lin]s J = 1,2,
S ( WZ J€i:n).

CLT for B based on an invariance principle for partial sums of 10S:
Battacharya (1974, 76), Stute (1993,1997), Davidov & Egorov(2000, 01)
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Davidov & Egorov (2001): uniformly in v € [0,1], j = 1,2,

Bj(u) =

I

Il
—

insil{ZiSZLnuj:n}

S-Sl
.

Il
—_

Xjieil(r,(z)<u}y + 0p(1)
Assuming A.1, A.2 and E || Xje||> < oo,

()}, ()., oo

where B; are mean zero Gaussian processes and for u, v € [0, 1] ,
j,£=12

E (B; (u) B (V) = B (XX(&15, (2)<minuy ) = B (X (0)X}(v)€?)
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A3 E|Xje|* < oo, j=1,2.

Under A.1, A2 & A3




Therefore under Hp, A.1, A2 & A3, for t € (0,1),

{ﬁ ( ) } —q¢ {Z7" () B(u)}ue[n,l—n]
u€(m,1—m]

4
{\/Eﬁ(u)}ué[ﬂ,l—n] —d {ﬁoo (u)}ue[n,lfn] in D [7_[1 1-—- 7T]

[}

S EE
[
S ™™

:D>Q>_T_®>
TN N /N

e @i 2 {1, 0] 2 0B W) |

[7r,1—m]
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Particular Case: 7 € [0,1],

E (X1X}| Z) =E (X1X}) as. and E(¢’|Z) =E (¢°) =0 a.s.

ulE (X1 X] 0
= TR |

Bl (U) =c-E (X1X,1)1/2 . Wo(u)

X 1y-172Wo(u) — uWo (1)
{1100 (U) }ue[n,lfﬂ} g{o- B (XIX1) e U(l — U)O }ue[ﬁ,lﬂ]

W, — (ki + 1) x 1 vector of independent standard Wiener's processes
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4. TEST STATISTIC
&
CRITICAL VALUES



STANDARDIZATION

Estimate
E(u) = AVar (v/nfj (u))
_|k1+1

b — Vs 0 E () Q (0, 0) 27 () [
Okz i

|k1+1

by
. L1 . L1 Vi
BW) =l l 0 2 @A) 2 (u) | iy
0y,
[(u)&?, & — OLS residuals under Hy.
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TEST STATISTICS

Cramér-v. Mises type,
n—K—|nm| N/ . .
1) — s () 2t (s (f
RO LN OO
i=K+|n) N\ n n

Kolmogorov-Smirnov type (as suggested in Csérgo & Horvath 1997)

. . . ! . .
P2 — AUSDAPYRAN-S (,)(,)
Pr nK+\_n7rj<rin<ar?<—K—Ln7rJ< n T\ n n)T\n)

K =1+ ki + ky — & degrees of freedom

[
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TESTS UNDER MEAN INDEPENDENCE
Assume k, = 0 (no X2) and
E (X1X:1|Z) = E(X;X;), j=1,2, as. and E(&?|Z) =E (&%) as.
Applying results in Csérgo and Horvath (1997), under Hj,

lim qo()—ooa.s.j:1,2

n—oo

and under Hp,

NER /1 [Wo () — uWo ()] [Wo (u) — uWo (u)]
N du
0 u(l—u)
Tabulated in Scholz and Stephens (1997)

—q sup [Wo (1) — uWq (1)]' [Wo (1) — uWy ()]

0<u<
Tabulated in Kiefer (1959)

W, — (ki + 1) x 1 vector of independent Wiener's processes
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TEST IN THE GENERAL CASE

Under Hy, 7w € (0,1)
lim U =0 as. j=1,2

n—oo

and under Hy, T € (0,1),

A(l) 1—7TA, =m—1 A d
¢y’ —d i1, (u) ™ (u)fy, (u) du,

7T

¢ =g sup u(l—u)il, (u) B (u)il ()

n<u<l—rm

Critical values estimated using wild bootstrap.
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BOOTSTRAP IMPLEMENTATION IN THE GENERAL CASE

=

Generate {¢;}_, iid with E (&) =0 & E (&) = 1.

N

Generate

ALS ~LS
Y =XuB T X500 + (-8,
a=Y X, B - x,,8" i =1, ..n.

Compute bootstrap critical values and p-values using resamples

[

1

{Y.*(b),X,-},Ll,b:1,...,8, B large.

The test is justified as in Stute, Gonzdlez-Manteiga & Quindimil
(1998, JASA).
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SPECIFICATION TESTING OF INTERACTIVE EFFECTS

Y =By + XB(Z) +X56 +¢

X1
X; = X5 = vec (lel) , ko = p -k,
X1k
£
Z
V = (Pz_ & ¢ — known functions.

fP,XZ)
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FINITE SAMPLE PROPERTIES

Compare with CUSUM type test Stute (1997) based on
10 k
Pz, ) = — ) & Lizeay [ T1px,2)-
i=1 j=1

1

Resulting test is omnibus (poor performance as k 1)

Also we compare with Cao, Fan & Yao (2000, JASA) test (LR)
T

restricted SSR (under Hp) (using smooth estimates)
Compare &
unrestricted SSR (using OLS with the whole sample)
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5. REAL DATA APPLICATIONS



ETHANOL DATA

ONy = Bo(E) + B, (E)C + e
Ho : Var (By(E)) = Var (B,(E)) =0

Hi : Var (By(E)) >0 or Var(B,(E)) >0
&
Hy : Var (By(E)) >0 & Var(B,(E)) =0
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ON, = B,(E)+B,(E)C +¢

P — VALUE

Trimming, T =0,01,0.05,0.10

CVM‘K—S

Ho : Var (By(E)) = Var (B,(E)) =0
Hy : Var (By(E)) >0 or Var(B,(E)) >0 | 0.00 [ 0.00

CUSUM 0.00 [ 0.00

SMOOTH 0.00
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ETHANOL DATA: INTERACTIVE EFFECTS CHECKING

ONy =By + B (E)C+6E+02(E-C)+e

P — VALUE

CVM‘ K-S

Ho : Var (B,(E)) =0

VS

Hi: Var (B,(E)) >0[0.00 [ 0.0

CUSUM 0.00 0.00
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RETURNS OF EDUCATION

Log (WAGE) = B,(IQ) + B, (IQ)EDUC + 6, EXPER + 6, TENURE
+83BLACK + 84 SOUTH + 65 URBAN + 5 MARRIED + ¢

P— VALUE, ©=0.01

CVM‘K—S

Flo = Var (Bo(E)) = Var (B, (E)) = 0

Hy : Var (By(E)) >0 or Var(B,(E)) >0/ 0.02 0.12

CUSUM 0.46 | 0.69

SMOOTH 0.23
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RETURNS OF EDUCATION: INTERACTIVE EFFECTS CHECK

Log (WAGE) = By + [B,(IQ) — 62 - IQ] - EDUC + 6, - IQ+
+6, - EXPER + 65 - TENURE + ... + ¢

P — VALUE

M | K-S

Ho : Var (B,(IQ)) =0

VS

Hy: Var (B,(IQ)) >0 | 058 0.75

CUSUM 0.66  0.66

45 / 64



6. MONTE CARLO



MONTE CARLO

k e—TZ,-
Y, = Z;) + (Z)Xi+| — U, T=0,1
(2 + VA2 ( Var(erzi)
o(Z)

Zi ~ iid U(0,1) L Uj ~ iid N(0,1)

Xji = Zi+Vj, Vj~iid UQ0,1) L U, Z
((a) z
b) sin (27tz)
) — ¢(2) 2 =
e Avf e KRl A
Var (B,(Z)) = A d) 142117204
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Wild bootstra p:

# Simulations: 1,000

# Bootstrap replications: 1,000

Trimming: 77 = 0.01 (little effect in 7 € [0.01,0.1])

48 / 64



MAIN CONCLUSIONS

Little effect of trimming 7.
Little effect of heteroskedasticity.

Excellent size accuracy of bootstrap and asymptotic (when
applicable) critical values.

Underlying B (-) model no important.

Rejections depend mainly of magnitude of Var(B,;(Z)) = A.
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Y = :BO(Z) + Xo1 + ... —|—X1k2 + &, (Heter. T=1 m= 0.01)
% Rejections under Hy : Var(B,(Z)) =0,

CvM K-S
k=1 k=2 k=3 k=1] k=2 k=3
Our test
50 5.2 55 5.4 54 54 4.9
100 4.7 4.9 4.7 5.0 54 4.9
200 52 6.0 4.6 5.9 6.2 5.5
CUSUM test
50 4.9 4.7 3.9 4.6 4.2 4.4
100 4.2 5.0 4.2 43 6.4 4.9
200 51 6.0 5.3 5.2 4.5 6.7
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Y =Bo(Z2) + Xu1pi(2) + .o+ Xuky By, (Z) + Xo101 + ¢,
% Rejections under Hy : Var(B,(Z)) =0, j=0,1,.., k,

CvM K-S
k=0 k=1|k=2|k=3[kh=0]kh=1]k=2] k=3
Our test
50 54 4.7 4.7 5.2 5.2 4.1 4.1 4.3
100 4.7 5.2 6.8 4.8 5.0 4.8 4.7 44
200 5.4 5.9 5.4 4.2 5.9 5.6 5.1 5.6
CUSUM test
50 49 4.7 3.9 3.9 4.6 4.2 44 5.4
100 4.2 5.0 4.2 4.1 4.3 6.4 4.9 5.2
200 5.1 6.0 5.3 4.9 5.2 4.5 6.7 5.5
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Y = Bo(Z) + XuBy(Z) + oo + Xipy By, (Z) +
Hy, X1 L Z & ¢ 1 Z

o 0.1 0.05 0.01
k1 0 I 1 l 2 | 3 0 | 1 | 2 [ 3 0 [ 1 I 2 l 3
Cramér v. Mises
50 | 10.1 | 9.8 | 80 | 86 |47 |42 |37 (2910050403
100 9.4 9.1 11.2 89 |49 49|55 |38] 1.1 1.0 1 05 | 03
200 9.9 9.2 9.8 9.0 |57 50|55 4314120706
Kolmogorov-Smirnov
50 | 10.0 | 11.1 | 10.5 | 103 | 5.3 | 4.7 | 4.7 | 45] 08 | 04 | 0.5 | 0.4
100 | 110 | 11.2 | 122 | 98 | 50 | 54 | 59 | 46| 1.3 | 1.0 | 0.7 | 0.6
200 | 109 | 10.0 | 11.3 | 10.7 | 5.2 | 49 | 53 | 48| 1.2 | 1.1 | 1.0 | 0.8
Cramér v. Mises (Asymptotic)
50 | 79 | 66 | 47| 35 |35 (33|21 1603050911
100 | 9.0 | 89 | 74| 6.1 |49 |40 |30 |35]|15|14|08]09
200 | 8.1 75 9.0 85 |37 40|40 |45]09 | 10|07 |06
300 | 104 | 83 | 88 | 6.1 5715039 3311 |12/[07|06
500 | 9.0 | 105 | 94 | 85 |54 |58 |52 |37 ]|1208]|12]09
Kolmogorov-Smirnov (Asymptotic)

50 | 47 | 73 |91 | 114 1.7 [ 44|63 | 87103 |20 |46 |70
100 | 7.9 85 [ 98| 90 |34 |53]59|67]06 253242
200 | 7.2 | 96 |89 | 108 |31 |49 |49 |75 12| 17|25 39
3000 95 | 90 | 86| 81 |47 |48 45 49|11 |15 |19 |24
500 ) 93 | 99 | 90| 93 |52|55|59|55]1.2]19|20]|25
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Y = IBO(Z) + Xo101 + ... +X2k25k2 + €
Bo(z) xz, j=0,1,.. k

% Rejections under Hj : Var(B,(Z)) > 0.

CvM K-S
k=1 k=3 k=1 k=3
m\A [ 025 [ 05 | 025 | 05 Jo25] 05 [025] 05
Our Test
50 | 1903 [ 574107 [ 268 168 [ 493 | 98 [ 202
100 | 377 [ 89.9 [ 163 | 525 | 314 | 822 | 155 | 40.7
200 | 69.0 | 99.7 [ 302 [ 882 | 585 | 987 [ 25.0 | 76.1
CUSUM test
50 | 141|474 | a8 [ 78 J158 48] 51 [ 77
100 | 283 [ 814 53 [ 103|263 761 77 | 1338
200 | 579 [ 982 | 90 [ 257 | 511 | 978 [ 105 | 35.0
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Y = :BO(Z) + X101 + ... +X2k25k2 + &€
Bo(z) e sin(27mz)
% Rejections under H; : Var(,Bn(Z)) > 0.

CvM K-S
k=1 k=3 k=1 k=3
m\A [ 025 [ 05 [025] 05 [0.25] 05 |025] 05
Our Test
50 | 209 | 574154 [ 268213493 168 [ 20.2
100 | 36.1 | 89.9 [ 27.4 | 525 [ 385 | 822 [ 30.1 | 407
200 | 61.6 | 99.7 [ 48.4 [ 882 | 657 | 987 | 50.7 | 76.1
CUSUM test
50 | 142 474 ] a9 [ 78 [156]4a18] 74 [ 77
100 | 282 [ 814 [ 6.9 | 103|314 [ 761 95 | 1338
200 | 524 | 982 [ 139 | 257 | 569 | 97.8 | 170 | 35.0
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Y = :BO(Z) + X101 + ... +X2k25k2 + &€

% Rejections under H; : Var(B,(Z)) > 0.

Bo(z) x1+2-1r,c04

CvM K-S
k=1 k=3 k=1 k=3
m\A [ 025 ] 05 [025] 05 Jo2s] 05 [025] 05
Our Test
50 | 21.4 | 609 | 140 [ 42.8 [ 206 [ 65.6 | 13.4 | 448
100 | 378 [ 90.9 [ 261 | 73.4 | 37.7 | 935 [ 265 | 812
200 | 62.6 | 99.9 [ 415 [ 96.4 | 66.8 | 99.9 | 47.8 | 989
CUSUM test
50 | 148 462 | 54 [ 07 [137[532] 73 [ 133
100 | 275 [ 808 | 7.0 | 200 | 279 [ 870 [ 89 [ 272
200 | 496 | 99.0 | 121 [ 417 [ 551 [ 99.7 | 141 | 587
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Y = Bo(Z) + X11B(Z) + ... + X1k By, (Z) + X161 + €

% Rejections under Hy : Var(B;(Z)) = 0.25%, some j =0, ..., k

B;(z) xsin(27tz), j =

1.

k1,

7

CvM K-S
k1=0 ‘ k1=1 ‘ k1=3 | k1=0 ‘ k1=1 ‘ k1=3
Our test
50 20.9 33.2 55.4 21.3 42.4 68.2
100 | 36.1 72.1 97.2 38.5 81.7 99.5
200 | 61.6 97.4 100 65.7 98.6 100
CUSUM test
50 14.2 21.1 23.3 15.6 25.0 21.8
100 | 28.2 47.2 61.3 314 57.8 59.2
200 | 52.4 86.8 96.0 56.9 93.9 96.5
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SPECIFICATION TEST FOR INTERACTIVE EFECTS

Ho:E(Y|X,Z) =By + 261+ X [B, + (Z-X) ] as.
Hi:E (Y| X,Z) =By +XBy(Z)+ 261+ (Z-X) 6, as.
with Var (B,(Z)) > 0.

Same designs for X, Z , € & By(Z)
n = 200

O— Hy:B,(Z)=0vs Hy:B(Z) >0

C — Omnibus CUSUM test
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a) B (Z) < [L+exp(=2)]

Hy : { b) B(Z) «sin(271Z)
c) [31(2) x1+2-1i7<04
Ho | Hiza) | Hi:b) | Hi:c)

olcl[o]c]o]c]o]c

Var (B,(Z)) = 0.25?

50 50| 45 | 50|46 | 255 | 16.3 | 12.6 8.8

100 | 5.0 | 5.8 | 5.0 | 5.7 | 53,5 | 42.7 | 28.7 | 19.4

200 | 58 | 5.4 | 5.8 | 6.1 | 88.1 | 80.2 | 56.2 | 40.0
Var (B,(Z)) = 0.52

50 50 | 54 | 54 |45 | 741 | 54.7 | 40.7 | 25.0

100 | 5.0 | 5.8 | 52 | 6.1 | 98.8 | 94.8 | 82.9 | 66.0

200 | 58 | 54 | 7.4 | 6.2 100 100 99.5 | 96.6
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Bi(z) = [14exp(—2z)] " is almost a straight line in [0,1]
1.0T
Pi(2) N
4 0z
0.9 543
08T 64’1
07T 5=1
0.6
05 R T
00 01 02 03 04 05 06 07 08 09 10
z




%Rejections under H; with B;(Z) o [1+ exp(—pz)] !

Var (B,(Z)) = 0.5

50 | 54 | 45 6.6 58 | 124 | 9.4 | 204 | 13.6
100 | 5.2 | 6.1 | 10.2 75 | 214 | 16.1 | 41.7 | 27.0
200 | 74 | 6.2 | 16.10 | 11.7 | 40.4 | 27.1 | 73.3 | 49.6
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THANK YOU!



TESTING COEFFICIENTS CONSTANCY OF A SUBSET OF

COEFFICIENTS

Y =X1B1(2) + X5B,(2) +e,
k1><l k2><1

Ho : Var (ﬂzj(2)> =0, j=1 .k

Vs

Hy : Var (/32j(2)) >0, somej=1,.., k
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(

We apply our method estimating first B, (-) in the restricted
model, i.e.

Y = ,1.31(2)‘*‘)(/2.82"’_5v

e.g. Fan & Huang (2005, Bernoulli). Let B,(-) be the estimator of
B, (+) in the restricted model.

6 (u) ~((Lnu) A RS
= argmin Z (Y[i:n]_Xl[i:n]ﬁ(zfin)_x2[i:n]6 )

éJr(u) 0.0 i=1

. 2
+ . Z |:<Y[i:n] B X/l[i:n]ﬁ(zi5”) o Xé[i:"}e-i_) :| }

i=1+|nu]

=
—~~
=
N—
I
/N
I

“(u) — 9+(u)> — U — process



COMPARISON BETWEEN CvM, K-S, AND SMOOTHING TEST
Y = Bo(Z) + By X1 + ...+ By Xic + €
% Rejections under Hp : Var(B,(Z)) = 0.

k=1 k=2 k=3 k=4

50 | 100 [ 200 | 50 [ 100 [ 200 | 50 | 100 | 200 [ 50 | 100 | 200

UNRESTRICTED

CvM | 49 |50 |44 |36 |53 (50 |40 |48 |47 |16 |49 |50

KS 21 | 30 |47 |35 |29 |49 |27 |30 |56 |19 |32 |38

RESTRICTED

CvM |62 |50 |42 |58 |48 |64 |58 |48 |64 |62 |48 | 6.0

KS 48 |56 |49 |45 |43 |76 |45 |43 |76 |55 | 43 |48

CUSUM

CvM | 54 |43 |41 |65 |42 |57 |56 |46 |49 |45 |38 |53

KS |68 |54 |54 |83 |43 |69 |68 |56 (48 |55 |52 |54

SMOOTH bandwidth=Cross Validation

S |59 [66 [52[79 [56 |64 [77 |58 [51 |66][65]56
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% Rejections under H; : Var(B,(Z)) > 0,

Bo(V) 14211704y, Var(By(Z)) = 0.5

k=1 k=2 k=3 k=4

50 \ 100 \ 200 | 50 \ 100 \ 200 | 50 \ 100 \ 200 | 50 \ 100 \ 200
UNRESTRICTED

CwM | 404 ] 773] 989 165 51.2] 80.9] 12.0] 342 744 7.4 | 225] 60.8

KS | 408 836|994 180/ 635] 96.7| 13.3] 46.0] 90.3| 7.2 | 33.7] 83.0
RESTRICTED

CcwM | 60.7] 902997 ] 433] 805 98.4] 37.9] 708 95.2] 35.1] 615 92.2

KS |306]902] 998|386/ 81.0] 99.1]33.0] 733] 97.8| 32.3] 65.8] 94.9

CUSUM
CcvM | 489 802 988|180 421] 786 103 227 435] 7.8 | 13.6 ] 28.9
KS | 533]842] 995|202 555] 915 123]257]61.7]89 | 139/ 362
SMOOTH bandwidth=Cross Validation
S \ 42.1\ 79.1\ 98.4\ 28.8\ 55.6\ 89.6\ 19.4\ 46.7\ 75.6\ 15.6\ 32.8\ 62.5
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% Rejections under H; : Var(B,(Z)) > 0,
By(z) o< sin(27z)

50 | 100 [ 200 | 50 [ 100 [ 200 | 50 | 100 | 200 [ 50 | 100 | 200
UNRESTRICTED

M [ 404 79.0] 98.4] 196 ] 57.9] 935 135] 405 87.0] 9.0 | 31.2] 80.0

KS |36.0] 792 99.3] 18.0| 62.0] 95.7| 13.0] 46.6 | 90.0] 1.5 | 36.2 | 84.5
RESTRICTED

M [ 56.8] 90.5]99.9] 45.9[ 84.6[ 99.1 41.8] 79.7[ 99.0] 30.8] 73.7[ 97.6

KS | 47.9] 876 99.6] 37.7| 79.7| 98.6 | 35.2| 746 | 97.7| 344 | 673 96.7

CUSUM
CvM | 460 81.5]98.8] 185 48.4] 83.1] 12.0] 24.1] 56.3] 8.3 | 16.3] 37.6
KS | 51.1]86.1]993]21.9]50.0] 92.9] 142] 30.7] 71.6] 9.8 | 18.6 | 48.0
SMOOTH bandwidth=Cross Validation
S |46.3]79.1] 984 28.8] 556 89.6] 18.7] 30.5] 863 15.6 | 32.8 | 62.5
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