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Abstract

The magnitude of the interaction effect in nonlinear models does not equal the marginal effect of the
interaction term, can be of opposite sign, and its statistical significance is not calculated by standard software.
We present the correct way to estimate the magnitude and standard errors of the interaction effect in nonlinear
models.
© 2003 Elsevier Science B.V. All rights reserved.
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than in linear models.
of a change in two

interacted variables for a logit or‘)rol)‘ model, as as the correct standard
errors. The inteff command graphsffhe interacti ect and saves the results

to allow further investigation.
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Method = 1{064X] + 00Xy T 03X Xy + 0luX3 +OgX52 + X B+€>0}
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Article history: This paper proposes a method to estimate the interaction and quadratic effects in probit model with
Received 29 May 2020 endogenous regressors, which generalizes Ai and Norton (2003)'s study on the interaction effect in
Received inrevised form 25 September 2020 nonlinear model without endogenous regressors. The method is applied to estimate the interaction
:::E[‘;‘: ilglﬁn:[]n]bgfigiﬂbﬂ S effect of the new-typed information tool usage and social network and the quadratic effect of age

on the household risky assets investment, where the bootstrap standard errors of the two effects are
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Gi/ve more details on ME and Interaction effect and
Develop a Stata Command to
implem éjﬂmu-L./ s method
¢ &b/t )
= l{a1x1+a2x2{?’o&x@ B+e>0}
o ’“7)}?7
1: 2 4"{& 2:
X1 Continuous and Endogenous Xi: Copfi u@ nd Endogenous
X, Continuous Xo: D%@Exogenous
L N
/n addition. ‘O ‘?‘)
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Caontinuous and Endogenous

— 1{0(1%2
/ﬁ é\\%ut EXOQENous

Cov(e,

-~
~

1 — y2X2+X,y+Z,5+V1 : 8261V1+e

1) #0

»

= {0t %1+ 00X+ 0gx X +X B +0,v, +e>0}

+003X1 X, X B+E>0}

’7' 3

Yo, &
@XX/K%;F X1 Xp X Db +Y, v, +u>0}

Ko

W

e ~ N (0,02)

where a; =
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Marginal probability and interaction effects _
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,é@fz + azr172 + 'b + y1v1)]

| APE (x,,x,,x;4) = (a + a;x,)E, [¢(?P
> %5y

APE, (x,,x,,x;4) = (a, + ayx)E, | ¢(7) |
e (
inteff (x,,x,,x;A) = a,E, [¢(r)] (a,+ax,)a, éxd (r)]

- f
wherer = a,x, +a,x, + a,xx, + X b+ yy,. 7

P 4
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Probability estimate
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=1 px+. ot Xpo+tXb+y v +u>0}

L= VoXot X V4Z 6+v,é'&
j‘ (1) regressx, onx,,x,zto ({g‘@n fé\ idualsv,; -

(i1) probit y on x,, x,, x,x,,x,v, o et oe@ testimates/’tz( &3,5',;;1)'.

1P
-: 4 4. \06\%\ Generated regressor

_ Given x,, x,, x , the probability estl

o

where 7, = Q121 +aoX2+a3T122 -|-3J‘IB-|-A{1TT’1¢'-
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Asymptotic properties
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Estimate Effects--Case 1 X,: Continuous and exogeneous

1"%\ w?‘j
‘f D KB A
‘I } 3 {4\.»
LINGNAN COLLEGE SUN YAT-SEN UNIVERSITY

The Marginal Probabili I:' ffects (MPE): x;&x,

oP (:cl To, X; )\

o w@)”f\ HAPE( %y, 4)

oP (a:l,xg i )\) @
MPE, (1,22, 34) = ——— (a2 + s 6 @’—>APE (x,,%,, X3 A)

The Interaction Effects (Ilﬁeﬁ%’

MPE1 (331,332,33; 5\) =

0P (561,515‘2,33 )\)

0
inteff (5131, g, I 5\) = 521075 Z [a, - al ‘I'?‘SB?(@ asx Tz Tz

—E > inteff (x,,x,,x; 1)

- 06 - ER A RFH=




Estimate Effects--Case 2 X,: Dummy and exogenous
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4

~ ~ ~ \\%\ A A A
= — E [(I) ( 11 + Q2 + A3 +&&5&]’(@ — O (&1331 . xlb + "}/17)13')]
7/

The Interaction Effects (lntefﬁ.;}@ég\
| ) : N
inteff (.271,332,3?; )\) = MPE, (:1:1, 1,:17;)\) — MPEG‘&E{ £;
X PRy
= % Z (a1 + a3) ¢ (@171 + a2 + azzy + b+ H1015) —CC’\@ (@171 + 2'b + A1014)]
=il
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Estimate Quadratic Effects quadratic forms a,sx3 + &51:%}
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The Marginal Probééf@( Effects (MPE): x,

MPE;4 (3:*1 o7 i ml iE j%@ 2a513) qu i)
The Quadratic Effects (q?@e?%(

quaeff ($1,$2,$;3\) = i (ml B i) = %zﬂ: 2'115 (é‘l‘ 2?@ ¢ (i)
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Testsatsic g

Jn (fmeﬁf(i) _ I'Hr@f(ﬁ,)) -

af”fff Jn(i-2)+ 0| A A1)

N(0,Q) = N[ Ointeff Qafnrq’f

|

17,157/ ) 4\ oA’ oA

H,: No Interaction E ffect@i. ] %‘{z@ (2 el §e)

intett (331,:15'2,:1: LS
Z% N (0,1)
\/81nteff(a:1 B D ok )\) ﬁ 81nteff :z:l o
ON A ON
Q » 1s the var-covariance estlmator* .)

Nonparametric Bootstrap Method
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Estimate Average Effects

‘l’du{r‘%,fﬁﬁ;"’"%

If estimate the effectsdhroygh loop for observations i, |,
it will be potentially i é @Q/b/e for large datasets.

MPElan Zzlzﬂaw é
MPEs = nN Zz 12 —1 a»2‘|'@335'1?, "§
inteftf = N ZZ 123 1[613—(6114-0/393@ é 03213) Ti il @ (7i,5)

where 7, =ax, +ax, +axx, +x’b%€lv

MATA in Stata can hand/e averaging across calumns of an
nxN.matrix by using ma trix block operation
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Monte Carlo Simulations
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Contigious and Endogenous Cov(e,v) 0

/vp - — 1
Model. y =l a, Fas+a,x a3x1x2 + [x 0}

DGP: Yy = 1 {{1[} + @121 T ﬂfgﬂ?g@w ﬂ&g‘f b 91@‘1‘ e > 0} (1?}

where ag = 0, a1 = 1, as = 2, az = 01 = 1, the variables v ~ N(—1,1),

e~ N(0,1), v; ~ N(0,1), z; ~ N(O, d &‘&0 2) are generated mdependent]y

Then we generate ¢ =1+ z 4+ 21 + v, 2z, and y as shown in (17).

Only Simulate the interaction effed‘e %

P 4

Q,*
[: tén‘fggl oints (xq, X5, X)
I 7
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Type I: at different points

|nteﬂ:(xl, X, X)

y=Ua, M@xdax, + axx, + fx+¢& >0}

Table 2: Simulatién of i
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Action ﬂﬂbﬂt:lﬂ = 1600 I

1.1

i ——

-0.5472

Ai-Norton MEean 0.0103 0.2483
Method bias -0,2238 * ’Zé{[].lﬁ 79 00,5350 -(0.1087
std 0.0111 0.6 O‘ 'S 0.1727 0.0931
rmse (1.2242 0.301% «y: (1.5626 (.1432
vy in IV-probit mean -0.0085 -[].[]"JSE% -0.0985
bias -0.3326 05138  Q 0.3399
std 0.0123 0.0123 0.0123
rmse 0.3331 0.5143 0.3404
Our Method mean 0.2277 (0.3907 226 -(.4414
./ bias -0.0063 -0.0245 0.0125 -(,0030
std 0.0876 0.0602 0.1478 41 0.0520
rimnse (LOSTH 0.0650) 0.1483 (. 1160 0.0521
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y = a, 405400, + a,x,x, + Bx+& > 0}

y—1{ao—|—a1$1—|—a23:2+7?:62+5$—|—91@1 + e > 0}
blé&'

lation of interaction effect at (—1, —1, 0) for different 6,

E= 9 1V1 +e : 0 1
Group S @ : . 0.0031 0.0587
Ai-Norton ; : ] i
L EL - By %
2 0.1400
II -1 0.0544 @3 in IV-probit
Exogenous
I 0 0.0031
|\ 1 0.0587 Our Method
% 2 0.1392 v -|/
Endogenous

Cov(e,v,) O

1

P o0, - Jl+e?
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The eivprobit Command y — - Yt xx. +xB+e>0 X
P | l{alll—l_az 2 : i o /B } ‘F&k%ﬁ.ﬁ;ﬂ'%

y X b z X5
eivprobit depvar [indepvars| (vafiablel=varlist_iv) [if | [in], interact(variable2)
[ options } N
Options % 4\
maeffect (varname) specifies the model Wlt Ut a ed term of an interested vari-

able, which is one of the variable in the mde

quaeffect (varname) specifies the model with a squ e@am interested variable
in the indepvars, the squared effect of which can be es

seed (#) specifies the seed when bootstrapping the standa S{@Fihe parametric
estimates.

bootstrap(#) specifies the replicates of the bootstrap, default of Wl’%s ootstrap(50).

endog2(1) specifies that variable2 is also endogeneous, the instrumental variables of
which are set in varlist_iv.

Wy



help for eivprobit

eivprobit — Calculate the average effect (Interaction effect or Quadratic effect) in Probit Model with Endogenous Regressor.
Syntax
eivprobit depvar [varlistl] (variablel = varlist iv) [if]din] [we1g ] , interact(variable2) [options]

varigblel is the endogenous variable.

varigble2 is the interact variable (It shouldn't be involved in th 3 % uld be endogenous).
varlistl is the list of control variables (exclude variable2). @
varlist_iv is the list of instruments variables. @
Options Description
maeffect(variable3) Calculate the marginal effect of variable3 which is control var?a

guaffect(variable3) Calculate the marginal and quadratic effect of variable3 which is cor%arlﬁg %ymodel £):

seed(#) Set random-number seed to #
bootstrap Perform # bootstrap replications; default is bootstrap(56)

endog2(string) endog2(1) specifies that variable2 is also endogeneous, the instrumental variables of which are also included in varlist iv




Description

eivprobit fits models for binary dependent variables whére one or more of the covariates are endogenous and errors are normally distributed and estimate the
interaction effect which is consistent. eivprobit estimation is based on the control function approach and the standard errors of the estimated effects are
obtained by nonparametric bootstrapping. And eivprebit.allows both wariablel and variable2 be endogenous.

Examples J/
*When x1 is endogenous, x2 is exogenous
. use Zhou2021 EL, clear @
. elvprobit y $control (x1=$ivs), interact(x2) bootstrap(560)
*When x1 is endogenous, x2 is exogenous, and the result shows the marglnaf @:t variable 'age'

use Zhou2021 EL, clear
eivprobit y $control (x1=$ivs), interact(x2) maeffect(age) bootstrap(5ee)

*When x1 is endogenous, x2 is exogenous, and the result shows the effect of control v@able %ge age'

use Zhou2021 EL, clear
=

NE>
7

eivprobit y $control (x1=$ivs), interact(x2) quaeffect(age) bootstrap(56e@)

*When both x1 and x2 are endogenous %

use Zhou202l1 EL, clear o
. elvprobit y $control (x1=$ivs), interact(x2) quaeffect(age) bootstrap(56@) tt(1)
*Draw the graph on relationship between possibility and the marginal effect for variablel
. scatter mexl Phat,msize(vsmall)ytitle() xtitle()
graph export, as(png) replace
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Empirical Applications

Model: = 1{o<1x1+0(2x2+0(2x1x2+o<4x3+o<5x32+x’B+8>O}

Signal | Meaning

> State Effects
A binary variable of whether the ho olgi & \

.. : . . Exogenous
participates in the risky investment. 7N 5

x1 \ Social Network ‘Q ;&@d
O

Ao
x2 The degree of the APP-Internet usage Q& %}13
X3 Age Exogeno

MPE+Quadratic
z iphone, onlineshop, cell and fee EX@éou ’ \

the household head’s demographic characteristics such as 6 J / N
gender, education, marital status, risk preference, hukou Exogen0u§ o \
and job category, and the household’s characteristics such

as wealth, income and family size.

ogenous

MPE+Interaction
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Example-Codes-Main: IV-Probit estimation
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use Zhou2021_ElL.dta,clear all

,4/g§E’EI;I;;;;;;I_—- //pétentidl endogeneity

gen x2=inf //APP-internet usage

gen x1x2=x1*x2 //interaction term

global control lnwealth lnincome age ¥ edu gender marriage //
isk_lover rlsk averter size job rura a

global iV
foreach var of global ivs {
gen ~var _x2="var *x2

:

global ivs_x2 iphone_x2 onlineshop_x2 cel®_
ivprobit y (x1 x1x2 = $ivs $ivs_x2) x2 $cont

Probit model with endogenous regressors 37,794
21404 .46
Log likelihood = -150059.19 0.0000

|
__________________ +
. | .3434453 .0083155 41 .30 0.000 .92 .3597433
x1x2 | -.9350269 .0934335 -10.01 0.000 =il i%é -.7519006
x2 | 4.306428 .4848708 8.88 0.000 3. 353599 b.2b67TbH7
age | .1404128 .042971 3. 27 0.001 .0561 .2246344
age2 | -.0119476 .0039139 =3.05 0.002 -.0196188 -.0042764
(output ommited)
el aBlel | swizs ez 0.000 | 34T 2ASHAL e i
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Example-Codes-Main: eivprobit

. global control lnwealth lnincome age edu gender marriage ///
> risk_lover rj ! 3

1 eivprobit y $control (x1=$ivs), :;;Z;; /1/
S:EE;;;IIQE(SOO) seed (123454321)

£
' ct (x2)quaeffect(@
o
>
. run=1 W

. Tun=500 ‘P /’Q(
RN
*x*Result Q 4(§
mean se A PQ | 1/}){7 95% conf.interval

mexl1: 0.0554 0.0070 T 83732 D.% /‘ 0.0418 0.0690
mex2: 0.1928 0.0574 3.3602 0.00 N ”{%E§§ﬂ803 0.3052
inteff: 0.0480 0.0066 7.2769 0.0000 /@ 1 0.0610
meage: 0.0068 0.0016 4,2422 0.0000 o 36 0.0099
geage: =-0.0077 0.0023 -3.4004 0.0007 é 0(;!0\ -0.0033

’O/)'
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Example-Codes-Scatters
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Figure 1: scatter of mex1 and phat

phat

Figure 3: scatter of mex2 and phat Figure 4: scatter of z-statistic and phat
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Example-Codes-Scatters
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Q
Figure 5: scatter of inteff and phat Figure 6: scatter O‘Q-statistic and phat

- 17 - EE %A IRFS5+H=



Example-Codes-Scatters
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Figure 7: scatter of qeage and phat

Figure 8: scatter of ZQ% ic of qeage and
phat
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— #fslusion —

Provide a method to«consistehtly estimate marginal, interaction
and quadratic effects In epdogenous probit models with
Interactive or quadratic terms,

Our estimator performs well ang béttersthan Ai-Norton(2003)’s
method and the interaction coefflelent gsitmator in [V-probit.

Develop a new Stata command, eivprobittoimplement our
method with much less time, especially‘“ter largerdataset.

An application shows the usefulness of the ¢anmmand.







