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CEM(Coarsened Exact Matching)

Wpye) ofelieh 24
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= d7E Z20 FUolM ol 2251 U= tEYY S CEM ZAU-S

27ist Ol 23510 e el 2xg X|2o| 7|¥de| AF7hE x| &0

=2 =2 o
0l de&S TASIACE £ T2 tjEYHSDe| H|WE Sl CEM 24
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{

ol 7HX|= &L tHES MAEeEMN S =273 HWItolM CEM EHol

cleksii 222 4 2l 7IHe MZSIA st CEMS ofEed & shz
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>
>
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<
0
19&
B
=)
rlo
fo

— S

HMEI} CEM(Coarsened Exact Matching), PSM(Propensity Score
Matching)
FHER: H2, C4

£ UXE 2016, 4. 20. AAF = XE 2016, 7. 26, AM =HE Xk 2016. 8. 16.

* AT AEATY, e-mail: sskim@Kkdi. re. kr
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1. A &

|

Lol Qe DA BA'R o34 YBAel ofd A% Hmie 7Y

&l

A7 e] A FAE WAs] A AKX B HZPol AL gt
(Heckman, 2007). AX&EI= AXE e Ao 2] 2 /HA9] Qoaaz
A, FE AT o, AX A5 o g FrHE Al AR - A R og &
ofol A FEA L-8H 1 Uk AX B FH L AFEAA G o R FEUHA B
3 (Structural Equation Modeling), =T (Instrumental Variable) 28, 3]AWA
(Regression Discontinuity) 24, ®i& (Matching) % So] tjkslA &85 1 9l
=2

2 AFddie A& FHPHOR 2ol DdsiA E8H 1 e WA
% lacus, King, and Porro(2009) o] <&l 7IE%¥ CEM (Coarsened Exact
Matching® ©|a} CEM) el thell 2A8] st o] & &-8-ato] 5o A4
I Brgo] 33E FYEe A CEM Wi &8 9 g wiiHERC] Alol&
Hl 2 A g

B Ao AL U 2ok Al DAl e 71240 Ax|&zke] /g ufA
WHE 2 CEM Wel deid Aurm, Algeds CEM WS S 439
AN Bxge] g38 48 Bl AV ZEe] dE Bxge
Bl s 2 miAWHES D-8ellA F4 e £ o5 CEM WHolA F44
Azfel vl Aot} A VA 225 AAlg.
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II. CEM W Avg

1. MX|ZIZH(treatment effect)

AR L3} FolN A ghe] B W OLS FA L e o] B A
Aoz qlele] Aelg FHAE Agdh PHuEF AF LAE 02T A
ARz AFe) AN G RERS Be A ge 49 $AD 2] A
AE WA g we] Astel AolzA T F 9 Aotk

Rubin (1974) ol Sla A¢-02 $43518 AoErh= thewh go] vehd 4+ 9l
.

Aztazk: v(1)- ¥;(0)

A71M v, (1) = Y,(T,=1)°]2 T AWMl v,(1)F v, (0)E F
A e FAE e Zd tig A A3 grew, AAFEe 28
A" (Holland, 1986) = Y;(1)3} v,(0) 5 4 shjut BEdth= Ao 24 of
A2}E (missing data) A2 22 2= 2tk (Rubin, 1976a).

Hlwrake] BAE olsle] A B g 2 4 gly] W] APASL
AR 15 Wl AX B AX| o] ek A2 E (average treatment effect on
the treated: ©]3F ATT) ¢} & 718 thgt EQ1 A X &3} (average treatment
effect: o]at ATE) o] S5}tk

o
N
N

Y
i

rr
r
by

ATE: E[Y,(1)— ¥;(0)]= B[ ¥;(1)]— E[ ¥,(0)]

3

AukA o 7 A8 5 ALS|FBlel| = ATT] Bl 248 @33 9t} o2 &
o] E BN FHsluat st A EIE HERIFS AFHe 7
FU3 V1P Ee] BERFE U] ¢ghS ulo] Azjele] jo
o7 o]y ATEERT} ATTE F3se Aol o &8y
(1997) & ATE®] % ald T&18 Fol =S o)A &

)
il
lo
oX,
i)
o

O
R
QL
=
N
Qﬂ,
rr
Y,

rlo
o)
il
-
=
o
i
it
3]
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o] wzel, dAFow TR S w3t o5 A}
1M ATE Bt ATT7F A AAFAEANA o 783 Rolzta ssich
ATTOM By, 07, =1] AZA=RCth  wWax B[V, 0)I7,=0]<

ElY,(0)I7; =1] el &8&at= Wte] e o] gkth. Heckman and Smith
(1995) o] 2™, o]y 2} H A 250 A A s &8ste A& AXdE 1
=9 BHAR B AEH S Hote A 22 FHXE 4SS "ok ol
g AR o= A 25 HAX 159 dS57ssAY BS7Fe oA 2 ol EA
o 25H Uehdt.

it
o
o
gﬂ
N
do

E Y, ()IT, =1]-E[Y,(0)IT; =1]
= EBlY,()IT, =1]- E[Y,(0)IT; = 1]+ E[ Y;(0)|T; =1]| - E[ Y;(0)IT, =0]
=7+ E[Y,(0)IT,=1]-E[Y,(0)|T, =0]

A7\A r=ATT ©|t}

BAlE Ax)9) Az} gkt BAle] A} gho] v R AstoA BUskA] o

E[Y,(0)i€ Cl=E[Y,0)li€ T]= E[Y;(0)] (1)

3

ElY,lie = E[Y,Q)lie T)= B ¥;,(1)] @)

ATE=E[Y,(1)]- E[Y;(0)]

2

=E|Y,lie T]- E[Y;0)li€ C]

o2 ATTAIM AR &Eo] delsketa 7Hdshd 5, v(1), ¥(0) L 7214,

1) ATTS} ATE®] whdt 4212 Ichino (2007) & W8-S Zuala] JAst9th
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0 A (3, (1) 23 ol ATTY WO, thsw} 2,

Zoh 0 AP B2 Age] deldoR BT, BaT AT Yt
L REFS 2P ANTF vEFS S e BATE el Autel A
oA 274 4 Ak Jet oA AP e] ohd MARYY EE B2
B Q7ME A% BAS e fue] Agol 59 89 WAUSE Bof o F

ojd afel]l 7] Wil F7HAR wlEg 7ol dash

H]Z 2 (unconfoundedness) 7Fg: A X ddo] Fo 7 APHAR] W45 o8 &
o)

25z &=t (v(1), Y(0) L DIX)

AN X AR SHES] AT 54

St ey
vl Edo] At ATTE 4] (5), (62 #2on,

E|Y,0)7T=0,X|=FE[Y,(0)T,=1,X|=E[Y,(0)|X] (5)
BlY,()IT, =0, X]=E[Y,(IT,=1, X]= B[ Y;,(1)|X] (6)

9 FA13} g2y tie] HA (law of iterated expectation) & 838t ATTS THA]

Helehd thew 2o,
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ATT=E[Y;(1)- Y, (00T, =1]

[2[Y;(1)= Y007, =1, X]|T, =1]

[E[Y,()IT, =1, X]-E[Y,00)IT; =1, X||T, = 1]
[E|Y,(D)IT; =1, X]- E[ Y, (0T, =0, X||T; =1]
(B[ YIT,=1,X]|- B[Y|T,=0,X]|T; =1]

ol HjEeA e 7ol AYE g A=A RN ATTE FHT = AdeE A

< HoFrh mjAYEE 9l ATTE —’Fxé%*oﬂ e ?&6} fae TY

Y BEARANN AAX PAFES] F8H $A40] 4R Bt

BAl, 2 248 ANEIE AN FADEF Aele] ERLAE 8] A
7] ol WASH: A Z AAS] A% Wl B Y& BAK A

gye} #E Cochran and Cox (1957), Rubin (1972) 52 Aol <) 7is]
ATHQin, 2011). viH & BEARAA AP BAAFe] EdF S FASH
H| B2 BPH o 24, wjA o] AX] 15 BA1Ee 18 W () 9 A
ZA B¥71 ¢ AR He A 9n|gt) (lacus, King, and Porro, 2012).

Ankx o 7 A& o] obd, @ 28 o)A (model-dependent) "HE A}
729 AP Bl AXNBIAE FHEF ste ARIAE WHoR & F U
(TIacus, King, and Porro, 2009). ®j& ol o]3F ALAA X &= UH%‘% 834 &S
B}, RoEAI EAA HoE Zole ZAo® I#EA Yt (Ho, Imai, King,
and Stuart, 2007).

2
o

A8 o) AR A

5 4 A% k5ol 9 PRl vag
B 5 A, dudon aPYYe 24

Aurke AR A 7}
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= 204171 SHEEE ZEEolA gton, o] &4 7

Ay

gl

T A B w xR
—~ W] 0O =
2 WX RE R
3 MW w0 %o
EECEC G
3 = o' K X
R
o =) ,ZIJN_
) = __n@ﬂﬁl
© o oy [y
5 mowﬂﬂ%wm%ﬂ
= T oL W om oo E
% ﬂw‘_o#o_zT,qaLWdﬂ
& 1 < R 1 s A o ]
< =32 F F R
=1 ~ =
8 NG - S
5 R g R
m m7mtﬂm1__ﬁ,aw
2 oy W W FF Ny
© m < K og o e
uR = %@mﬁ P = 5
SR AT
PR EERR ow
KRS HEo:uH
Mg o e )
_ O Ko ﬂlﬁoPﬂl
S e M g Bon E g
7Ammﬁﬂmﬂwﬂu%aﬂ
2 W A
AEEEEE N L
mommﬂ(ﬁnsnYKi
N A S R
o o o W Z W
E#E.Alﬂo_uo_uo#eﬂh,o'
ﬂ\ﬁdﬂoﬂﬂw,ﬁw\ﬂm
A,ﬂuuﬂ!_xioum,o',mﬂ
w® oo W oW R W ™R

1

1]
R

[e]

i

-

[¢)

o 74

=

Fah o

°] EPBR®] ohz}

|52} 52370 BA1
uth g8 Ao o

H

Pz
} EPBR) 7]¥B) 9] MDM

o

o

]

gt} (Rubin, 1976b).

o] 67171 A
7k

=

[

=
=

o 2

Hezt

o #2627
olt}h. Azt

3} MDM) 2} PSM (Propensity Score Matching:

=

=]
o
=

o Tk

[¢]

4 gale] 244 o

uf %

1, 024714 =71 of
Chapin (1947) &) A+
< HA FEASYS vpbge] Ao} TA

o], 1071¢] ©]

=
=

[e)

L

=
= =

=

o
1976b; Rubin and Thomas, 1992).

3} PSM) ©] 71 ZEA &80 gtk 2y EPBR 7]

dukA o 2 EPBR (Equal Percent Bias Reduction:

[€)

]

8
(Mahalanohis Distance Matching: ©]

Stuart (2010)
o]

o
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A

o]#{3t EBPR AlE<e] v o] 7IAl= A& T8k7] 98lA] lacus, King,
and Porro (2009) & MIB (Monotonic Imbalance Bounding: ©]8} MIB) A9 2] vl 2w
Hel CEME 278kth. CEM2 dubs FAI7sAdel tidt 718 & dolA & o
ek 7P = AR AR A a6k ko, Ax|e}k SAl1EE Atele] B

o w2 FAAF VAR el Autk A = g SR, shiel g
o g 3o o] The FWake] Al Bde] IS M FEE A

o] 9t} (lacus, King, and Porro, 2012).
JH Y ofu st WP T APl Bty S AAlskE A AR UHi‘% =

Z3)9] 22 Ae 2= ¢lth. EBPR WY
o

an
vl
=2
=
SS)
N
N
l"_t.,
kol'
4» K
E
&
o
U)
)
=
(70
o
=
ol
g
(@)
=
3
[\
=
EJ/

g Exdol kS nAA] 7] el FHEES
gl ¥ o]t} (Tacus, King, and Porro, 2012).
CEMe] /s 478 F7)e A&t mjAo] $hgt #3-E Algsht A A

) o, ARG T2 (bin) & AR wet o)

1 o 198 B3] o 2ol Wtk web
Hrp e DS a4 BAA0) ola) Aol FhE WASEA WA A)EAe] 498
F gtk oldl] HaME Hel Bok g A
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71 $laliAloltt. CEM<

Al (coarsen)

—

__AE

iof-

o

o=z A4

7_(;'10

]

)A

S

3
pir
o

il
T

23} 2t} (Tacus, King, and Porro, 2009).

51~100%,

1-50,

il
(-
oF
ojo
el

°l,

il

gt dE

A

101~200

Mo

a3 22k X, 2 X, 7}

o
27+ A e BFE ARt 7Pgshd BAUA A8 (Table 1)3F 2o] 9

< 7He 2Y

TR

= EO‘L Xl:]l}- XQ '1:?_7]']'0/]

ofﬂ_EL =

=

o

=
T

wvolg

(strata) & &

=

o

Hel A A

(Table 1) Sorting the Units into Strata
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& O
vy
YIRS
g| &g
O &
-~ E|E
J|\
Il
<

o

wgE A AR 5

mT:

D ulgE A BRI 5

me -

)

2
i)

=
4%

S

P AR e o

0)ol thgh
(imbalacne) <]

, p(X|P=1), p(XIT

e
Afelel

Al

ol dFAolnt. 2 o

=
=

(€]

ol 2, Bt

Z

1}
=
T

=
=

71 8 AR

3

#99|

1
R

of| A1
t-test 5

e ATE

a8

T PSM<=

5
SAIE THFE

ol A

2

=
=

fol

1

R

T

’

Sok sy

o AA 252 A

ke
T

oAM= mjE o

=
=

O
pid

17

Al

=
o

t-test2

Els

A3herg AAED Qi el

] %71 w2l (Ho,

19

14 JEE A

3]

< AA el o

#ol Aolrt %

g

Dz

5
Imai, King, and Stuart, 2007) ¥Az529] A%

=

Pz

AES a3,

[¢]

I

w4

A3l

he @3] 7h

k)

Ao} HEA oz A

< A

JHT} 1,

=
=

3| A

(multivariate density estimation) ®Hel L, SAA | 2
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O5% BAEY BE ARIAR] FHEES] vt S| A~EF Abo]9] AolE F
A ALk 5)

mA, AR FHETS] 7k (bin) A71E AXKela, ©]F, A9} BA|l1E
zyzy FEFFEe] FFEJAF (cartesian  product) o &3] AAPEH s I
H(X,) %X H(X,) = HX)= Ho.2x 7} A59] waxs 23l agln A

A fy a2 SA g ol TR kAR ZFHHHI = (k-dimensional relative frequency)
£ 7t Ao 7158t mirHe R BE Al ghEdd AA xfolo] Al gom By
= 4%k

H(x) =1 H(x,) + AZIR gz X0 F2Hbin) 59 AP H(X,)]

ZHEIA Tl olel A A5 ety #dd vk s|l2ETd

= =)
]71 o SRS
o = A=Ihva
BARHES ASHIEEE

fi,

g;

A

AA1E BALFO| $HF FPolW, ThAF S| ETHY Aol L, =0
Zolm, oluth 2 ghe BRPL thehdth L, = 109, ¥ 257 9@ 22
& vEpaint,

CEM %ol L, @9l @e 23S 245k AHolth, 94 g4 e

AANTED MBS L9 %S L,2n BT o] ghe wiAE Aol 27y
gtel vl 7)ol He, oleldt elnloln N HURTHPS AdAow A

his

-

5) CEM BAlo|xe] Ed =43 ##elA+= Blackwell, lacus, King, and Porro(2010) <1
T5 Faste Attt
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oo Fg Aolth. =, wiA o]Fo wiAH AR 2FI HlwaFe] L9 6 o]
Ly Bt} 242 7350l Bt @] dEATE A YrletH, 7hsdk viAE 1Eell
Aol 9] ghol FolAle AL YRt AR #3He T2 (328
W) of] oJ3f) AFeo® deEold g AT, Ee AR o] S AR E
Adrk W EApF F312 AR kA (Z2 a3 o2A), WA AA o L
#ro] WsHA €k whebA CEM W 9A] w8 7o B0 752 1A F
Ao AR 134 Aeeol sk S wHEH o =3e dart 9o, &
A PSM W2 2] HdlEddolgls vl 7]Ee] EA37] wEo] A 4

el o] wr} $9 Aolck
5. oy u|n

lacus, King, and Porro (2011, 2012), King, Nielsen, Coberley, Pope, and
Wells (2011) & EPBR Al9<] mjAWH2} CEMS 2338 AlEdo|ddlA CEMe]
E1Y, BYEY, FH Ak He|, 4 HaAlFoatet 22 7oA thE
AP E R ddithe ZlE Bk

lacus, King, and Porro (2012) & Lalonde (1986) 2] w]=r 2]
82 &8 CEM, PSM, MDM, GM (Genetic Matching) WH¥ Az &=
7HER AlgdloldS &8ste] 48 &, o5 A W, FFHAN, HEAH
A, BwE (L) & 43T 5, oooau EHIIEZE A B0l S Bl 4

lacus, King, and Porro (2011) & Gu and Rosenbaum (1993) 28-S EA)slo],
A 1,00070 A 3,00070] AL ZS &-8ste] MDM, PSM, CEM
o] EXANE v|walt). Wlw A3 CEMo] thE mj3 o] vle) i ZEe]
watole} Btd (L,) SHolA o U2 23S Uehlle 2S B3ith

6) WA F L,k AR AN 1EY MnLE 53 BSA 5 v
gk Aa A,

7) S APEe BeEE AR el %ﬂw% 48408 T AT SATToI, 20
O welsiganel £ES WA S ATTE A Q3

o

A HeAE g8otl L)
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CEMe] th& vl 5ol vlshra B2 Xo”é—% 7Hv CEM
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rr
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vl

ol & o A v e s uHE F de Aotk
lacus, King, and Porro (2011, 2012), King, Nielsen, Coberley, Pope, and
Wells (2011) ¢ Z¥ol|A= CEM Wo] o2 miz s vlg] $-dalth= A& B
ol glov}, wAHS Aelet= AL AE e} ] Y S etela, thre
+ Zlo] dasit,
Q1A (2012) ol A B5AA w1 AR}
v, A7 = Aoz &

Lo
o,
o
N
M
=)
o
ol
l

&
o,
=
>
(@]
les)
=
filo
ot
oo
ol
xR r
o

2 AolNE CEM WS 2840 4ol ﬁ?‘ﬂi%} Ei%O] AEERSEZ
o thel g,

A
ey
=
=
2
r

g
Ll
of,
N
N
ﬂ?{_"
o
|3
i
Y
O
les!
=
05
19
Olfo

AR} 71ge] AT el BEEE AFohe Ae Ao Ee] FEAe) 5
4 7A7) WEelw, Q1914 Aisle] §lg A% AHEH R ulgt @ 52 olalel

o] 0] =8, o

22147)7] 9golnk.

2719 (2009) Sl A E ARe] A7 Aglo] MR &3S U AR TR
g A, 190 BARES SAdES ok Az, =4, 7199 14
ATNE AES FEals FAED, AA, 719 BART 7144 Ao vAe
QaEs, A, 719 Fa8Ee] AAA Aol A Gol A4 Gae 7t
7 pRAI. ARe] A7 A9 &3 £3) 27 (additionality) o) 7
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o= A9Em gk F Y AQ FRE deld ¥H bt Byt
F8 #9) Holt,

AEAE CEM 45 & &l & Aolvh. F5ade FHe AEixss

> o
[
[u:2
™
e
o
=
ox
o
~
S
S
B
o
=
o2
=
S
S
B
Ho
rg
o
=
S
S
=
B
J>~
AN
o
o=

(2007, 2009), #H71¢(2008), F+F=r - 7“53%@009), o] 4 9(2009), &4l

A9 73—?‘ DID(Difference*in*Differencei o]&} DID)
3 PSM, 29 ==Yl B9, sfduyay 2y 5 AR Y Hos
Mol 8Tt
QAT BA = AN B gy s Yel wEs| AR
A& 433k Dimos and Pugh (2016) A+& &3l A3A
Dimos and Pugh (2016) 2] A= 2000 o] & =
sto] MlEREA S TSIt EAd 28 AFE F AT HEg T Fet 7
4o F AT A= A5E &3 FAAHL] 90% HEoAA AFFH A7}
M, B3 Qle, FEA FEEAE 7l Ao R UEen, 10% =7t &
AFEE3E 7 e Aog Jebdth. Dimos and Pugh (2016) 7} 2] gh A8
T T FAE B 49 AFelA B3 FHA PSM Y 253],9 =R (V)
W o] 1?@ sdEAo] 73], DID7} 63, OLS7} 23] &-g5o] njargo] 71

e 9es T+ Uk

[ R LA
v
kl
s
&
f
%0
T
Hl
=

i)
e
He

olt

=
oS

ek

i

So] ZAE AT - YW (2012 9] AT Fsb ek,
9) QAR Bie BAYHol BeslE A7) izgmoa )
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BAARE A1EYAQTAN V195 UBFS 2R I
ZAF 20140 ARE BEAT B 2AE AT 5 109 ol A2
U ZAHE ARelm, 201120134 71919 Bg B LT Aol vhel =
Absta ek

B0 H8EE ATASE 71499 AN A0z AP U AT
H1§3} 9% AP ¥ §L TR el 2 ke B )

AAMGE GRALDAE 3 71908 L AQSAD (A9 & B 7GR
o olsE Beelm, ARWSRE 719 54S BAe] Sla urlg), 3]
9, 2719, WAZIY ofipeh iEe, 10 J1Qje] £ o, A 18 F AT
B AR VS DR, A 549 FAS Adl OECD 7457 P12
of BE 1% - FW1E - FATE - A71E A9 e AgTES dehs
AEZ 39 3 7199 FANIR GRS UehlEe FANBHFE(CR) B 28

=
Bgieh 19 A 2 vzt 53719
3

=
= 5 ANE AEo] 0 ol 71 ERE WdeE £49T.

ZF el v g 712 E A (Table 2), (Table 3)3 2t

10) B2, A 7L nrFe) FALANES B4
HRERE AQEe BT W & AN Sy
P} B BH 983 ABIAE JI5e] Be HE
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(Table 2) Definition of the Variables

Variables Definition
Outcome | rnd_exp_In Logarithm of the R&D expenditure (2013)
Treatment | rnd_subsidy 1 if the firm receives R&D subsidies, 0 otherwise
large 1 if the firm is large, 0 otherwise
middle 1 if the firm is middle, 0 otherwise
small 1 if the firm is small, 0 otherwise
venture 1 if the firm is selected as venture company, 0 otherwise
Explanatory Categorical response variable on sales (2011-Korean won)
(Firm 0: No sales 4: 10~50 billion
Characteristics) | sale 1: Less than 1 billion 5: 50~100 billion
2 1~5 billion 6: More than 100 billion
3% 5~10 billion
export 1 if the firm has any exports, 0 otherwise (2011)

rnd_employ_ratio

The ratios of R&D employees to total employment (%)

high_tech

1 if the firm belongs to high technology industries

middle_high_tech

1 if the firm belongs to middle-high technology industries

Explanatory | middle_low_tech |1 if the firm belongs to middle-low technology industries
(Industry low_tech 1 if the firm belongs to low technology industries
Characteristics) Market concentration ratio of the largest 3 companies in
cr3 industry according to KSIC (Korean Standard Industrial
Classification, ver.9) (%)
(Table 3) Descriptive Statistics4)

Variables No. Obs. Mean Std. Dev. Min Max
rnd_exp_In 1,159 4. 891 2.624 0 11. 842
rnd_subsidy 1,159 0. 344 0. 475 0 1
large 1,159 0.121 0. 326 0 1
middle 1,159 0. 425 0.495 0 1
small 1,159 0. 454 0.498 0 1
venture 1,159 0. 297 0. 457 0 1
sale 1,159 3.645 1.499 1 6
export 1,159 0.638 0. 481 0 1
rnd_employ_ratio 1,159 14. 093 14.511 0 100
high_tech 1,159 0.218 0.413 0 1
middle_high_tech 1,159 0.381 0. 486 0 1
middle_low_tech 1,159 0. 229 0. 420 0 1
low_tech 1,159 0.172 0. 377 0 1
cr3 1,159 41.915 10. 379 20.7 69.7

14) 7128AZFS FAUR] AEAETE Yol EAlgte 7S taliA AlAIgt
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(Table 4) Comparison of Imbalance before and after CEM

Imbalance (Z,)
Variable Information of matched units
Before CEM | After CEM
large 0. 0298 =0 .
- Number of units | Treated | Untreated
middle 0. 0087 ~(
small 0. 0385 =0 )
Total units 760 399
venture 0.1016 ~(
sale 0. 0687 =0 )
Matched units 321 262
export 0.1131 =0
rnd_employ_ratio 0. 1355 0. 0907 . i
- Non-matched units 439 137
high_tech 0. 0302 =(
middle_high_tech 0. 0949 =(
- Total strata 588
middle_low_tech 0. 0659 =(
low_tech 0. 0593 =(
Matched strata 149
cr3 0. 0910 0. 0200
Total 0.7118 0. 3302
Note: = is approximately equal signs.

CEM ©°]%& Hojg 7}52 2 7jdto 2 OLS 84S 433 B 47= (Table 5)
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(Table 5) OLS Estimates on R&D Expenditures before and after CEM

Variables OLS before CEM OLS after CEM
Coefficient Std. Err. Coefficient Std. Err.

rnd_subsidy 0. 189 0.133 0.412** 0. 186
large 1. 646*** 0. 322 0.373 0. 596
middle 0.712*** 0.195 0. 427 0. 385
venture 0.383*** 0. 145 0. 284 0. 238
sale 0.565%** 0.073 0.676*** 0.150
export 0.404*** 0. 145 0. 298 0. 268
rnd_employ_ratio 0. 042*** 0. 005 0.028*** 0. 007
high_tech 1.210%** 0.217 2.132%** 0. 440
middle_high_tech 0. 588*** 0. 187 0.878** 0. 388
middle_low_tech 0.124 0. 207 -0. 015 0. 429
crd -0. 024*** 0. 007 -0. 059*** 0.012
constant 1.789%** 0.369 2.836%** 0. 668
Obs. 1,159 583

Rrob>F 0. 0000 0. 0000

Adj R_squared 0. 3523 0. 3030

Note: *** p<0.01, ** p<0.05, * p<0.1.
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(Table 6) Matching Results of Control and Treatment Groups by Matching Methods

) Control Group Treatment Group
Number of units - - - -
Total units Matched units Total units Matched units
CEM 760 321 399 262
MM 760 259 399 399
PSM_NN 760 277 399 399
PSM_R 760 748 399 398
PSM_K 760 760 399 399

Note: PSM_R (caliper=0. 005) .

HA 2w R wj M e 322 JEES B3 (Table 6)3 2t} PSMe|u}
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(Table 7) Comparison of Imbalance(Z,) before and after Matching

Vatiables B efor.e After Matching

Matching CEM MDM PSM_NN | PSM_R PSM_K
large 0. 0298 =0 0 0. 0025 0. 0043 0. 0028
middle 0. 0087 =0 0. 0025 0. 0100 0. 0033 0. 0082
small 0. 0385 =0 0. 0025 0. 0125 0. 0010 0.0110
venture 0.1016 =0 0. 0075 0. 0075 0. 0068 0. 0007
sale 0. 0687 = 0. 0150 0. 0451 0. 0554 0. 0565
export 0.1131 = 0. 0025 0. 0426 0. 0021 0. 0076
rnd_employ_ratio 0. 1355 0. 0907 0. 0602 0. 0902 0. 0765 0. 0750
high_tech 0. 0302 =( 0 0. 0251 0. 0061 0. 0047
middle_high_tech 0. 0949 =0 0 0. 0251 0. 0069 0. 0022
middle_low_tech 0. 0659 =0 0 0. 0025 0.0013 0. 0043
low_tech 0. 0593 =0 0 0. 0025 0. 0022 0.0018
crd 0. 0910 0. 0200 0. 0426 0. 0627 0. 0619 0. 0533
Total 0.7118 0. 3302 0.5514 0. 7093 0. 7090 0. 7040

Note: =~ is approximately equal signs.
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(Table 8) Difference in Means before and after Matching, for Each Variable Listed

Vatiables Befor.e After Matching

Matching CEM MDM | PSM_NN | PSM_R PSM_K
large 0.030 = 0 0.003 0.004 0. 003
middle 0.009 = 0.003 0.010 -0.003 0. 008
small -0.039 =0 -0.003 -0.013 -0. 001 -0.011
venture 0.102%** =0 0. 008 0.008 -0. 007 -0. 001
sale 0.128 = -0.030 0.030 -0. 005 0.029
export 0.113*** = 0.003 -0.043 0.002 0.008
rnd_employ_ratio 3.577*** -1.193 1. 464 1.273 0.180 0.668
high_tech 0.302 =0 =0 0.025 0. 006 0. 005
middle_high_tech 0. 095*** =0 =0 -0.025 -0.007 -0. 002
middle_low_tech -0. 066** =0 =0 -0.003 -0. 001 -0.004
low_tech -0. 059** =0 =0 0.003 0.002 0.002
cr3 1. 126" 0.109 0.134 0.681 0.207 0.220

Note: = is approximately equal signs.

(Table 9) Average Treatment Effect(ATT) of Subsidies on R&D Expenditure
by Matching Methods

Outcome of Outcome of | Difference | |
Std. Err. | t-value
treatment group | control group (ATT)

Before Matching 5. 291 4.681 0.610"** | 0.161 3.78
CEM 5.381 5.009 0.372* 0.222 1. 68

Aft MDM 5.291 5. 056 0.235 0.223 1. 06
S ISYENS 5. 291 1.875 0.416* | 0.222 | 1.88

Matching :

PSM_R 5. 280 5.030 0. 250 0.169 1.48

PSM_K 5.291 5. 045 0. 246 0. 165 1.49

Note: *** p<0.01, ** p<0.05, * p<0.1.

7oy AN 29088 2
(10%) °] Yente e 2
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(Table 10) The Coefficients of R&D Grant Dummy in Weighted OLS Estimates
on R&D Expenditures after Matching

Before After Matching

Matching CEM MDM PSM_NN PSM_R PSM_K

0.189 0.412** 0.188 0.368"* 0. 245** 0.192
(0.133) (0. 186) (0.162) (0. 159) (0.123) (0.122)

Note: () standard error, *** p<0.01, ** p<0.05, * p<0.1.
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( Appendix )

(Table A) Classification of manufacturing industries into categories based on OECD

Classification

Industry (KSIC 9)

Low Technology
Industry

10.
11.
13.
14.

16.
17.
18.
32.

Manufacture of Food Products

Manufacture of Beverage

Manufacture of Textiles

Manufacture of Wearing Apparel, Clothing Accessories and Fur
Articles

. Tanning and Dressing of Leather, Manufacture of Luggage and

Footwear

Manufacture of Wood Products of Wood and Cork
Manufacture of Pulp, Paper and Paper Products
Printing and Reproduction of Recorded Media
Manufacture of Furniture

Other Manufacturing

Middle-Low Technology
Industry

19.

22.
23.
24.
25.

Manufacture of Coke, Hard-Coal and Lignite Fuel Briquettes
and Refined Petroleum

Manufacture of Rubber and Plastic Products

Manufacture of Other Non-Metallic Mineral Products
Manufacture of Basic Metal Products

Manufacture of Fabricated Metal Products

Industry

20.
) . 28.
Middle-High Technology| .
30.
31.

Manufacture of Chemicals and Chemical Products
Manufacture of Electrical Equipment

Manufacture of Other Machinery and Equipment
Manufacture of Motor Vehicles, Trailers and Semitrailers
Manufacture of Other Transport Equipment

High Technology
Industry

21.

21.

Manufacture of Pharmaceuticals, Medicinal Chemicals and

Botanical Products

Manufacture of Electronic Components, Computer, Radio,

Television and Communication Equipment and Apparatuses
Manufacture of Medical, Precision and Optical Instruments,
Watches and Clocks
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Understanding and Using the CEM Method
- Focusing on the Effect of Public R&D Subsidies -

Sangsin Kim™

Abstract

This study introduces CEM (Coarsened Exact Matching) method and
evaluate the effects of public R&D subsidies on firm's R&D expenditure by
using CEM. Also, it provides a basis on which CEM method can be variously
utilized in future program evaluations by presenting the advantages and
disadvantages of CEM through comparison with other matching methods such
as PSM and MDM. As one of the matching method, CEM has the following
advantages compared to other matching methods. First, the analyst can
control the imbalance occurring in the matching process in advance. Second,
by limiting the matched data with the common empirical support, CEM can
reduce the modeling dependence without iterative matching procedures. In
comparison with other matching methods, CEM generated the smallest
imbalance. However, CEM can't use some of the observations in treatment
group due to non-matching results. Although CEM has the above
disadvantage, 1 think that CEM should be extensively used in terms of
reducing imbalance in the matching process.

Key Words: program evaluation, CEM(Coarsened Exact Matching), PSM(Propensity
Score Matching)
JEL Classification: H2, C4
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