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Abstract

This study explores the effects of exports on the innovation of Korean firms listed on two Korean
stock markets, the Korean Stock Exchange and the Korean Securities Dealers Quotations, between
1999 and 2016. By matching exporting firms to non-exporting ones with propensity score matching,
this study accounts for a problem from sample selection bias that may arise from differences in
firm-characteristics between the two groups. From the study results, first, both export participation
and export volume significantly increase subsequent innovation performance, as measured by the
number of patent applications. This result seems to support the “learning by exporting” hypothesis
for Korean listed firms. Second, both export participation and export volume narrow innovation
scope, proxied as the number of unique International Patent Classification (IPC) codes of the patent
applied, the degree to which patents are concentrated in a particular class, and the degree of
proximity in the patents. The findings of innovation scope suggest a possible explanation that the
learning effect appears in familiar technology fields that firms have previously held, rather than in
unfamiliar ones. Third, these results are robust using alternative proxies in the innovation scope,
Tobit regressions to consider the non-trivial portion of sample firms with patent applications equal
to zeros, and generalized method of moments (GMM) to control for the persistence of innovation
measures hearing over years. Finally, the two main results are more pronounced in large firms than
in small and medium-sized ones. As for Chaebol firms, however, these results do not appear.
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Table 1, Propensity Score Matching of Exporting and Non—Exporting Firms

Before Matching

Variable Non-Export

Export

After Matching

Export Non—Export

Firms Firms Difference Firms Firms Difference

INNO_PAT, 1.131 0.979 0.152" 1.134 1.141 -0.070
INNO_IPC3, 0.874 0.881 -0.007 0.868 0.859 0.009
INNO_CON, , 0.463 0.451 0.012 0.465 0.466 -0.001
INNO_TF, , 0.668 0.665 0.003 0.672 0.675 -0.003
RD,, 0.037 0.017 0.020" 0.032 0.029 0.004
SIZE, , 18.665 18.178 0.487" 18.614 18.600 0.015
CAP,, 0.305 0.278 0.027 0.297 0.291 0.005
AGE,, 3.259 3.005 0.254" 3.231 3.229 0.002
DEBT;, 0.093 0.095 -0.001 0.094 0.093 0.001
Q. 1.224 1.077 0.148" 1.211 1.210 0.001
HHL , 0.683 0.607 0.076™ 0.683 0.674 0.009
Observations 8,240 11,285 7,975 9,154
Note: *X0.1, **X0.05, ***£X0.01.
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Table 2. Yearly Distribution of Patent Applications
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The Number of Patent Applications

Total Average

Year 0 1 > e |t | Firm-Years Zero/All Patents Patents
1999 370 76 35 106 25 7 619 0.598 18,045 29.152
2000 406 82 37 109 26 8 668 0.608 19,371 28.999
2001 434 91 40 116 31 12 724 0.599 20,407 28.186
2002 509 77 49 AR 49 17 824 0.618 24,539 29.780
2003 508 108 50 109 60 20 855 0.594 27,665 32.357
2004 486 95 60 127 60 20 848 0.573 31,296 36.906
20056 521 111 63 156 80 22 953 0.547 32,905 34.528
2006 425 95 52 178 72 2 844 0.504 32,573 38.594
2007 534 120 50 193 104 25 1,026 0.520 34,979 34.093
2008 508 108 63 179 115 28 1,001 0.507 36,346 36.310
2009 504 91 60 186 130 27 998 0.505 36,719 36.793
2010 468 128 59 201 132 27 1,015 0.461 36,889 36.344
2011 511 112 5 228 130 31 1,063 0.481 38,048 35.793
2012 468 110 50 235 155 39 1,057 0.443 41,590 39.347
2013 481 131 72 236 157 29 1,106 0.435 38,748 35.034
2014 514 114 81 238 160 38 1,145 0.449 41,590 36.323
2005 528 132 80 250 153 40 1,183 0.446 4,927 35.441
2006 532 135 83 252 154 44 1,200 0.443 43,187 35.989
Total 8,707 1,916 1,035 3,222 1,793 456 17,129 0.508 596,824 34.843
Zero/All 0508 0.112 0.060 0.188  0.105 0.027
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Table 3. Summary Statistics
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Variable Mean Std. Dev. Median Min Max
Panel A: Patent Applications and IPC Codes for 7,975 Patenting Firms
# of Patent Applications 70.865 267.635 9 1 15,474
# of IPC 3-Digit Codes 7.534 9.371 5 1 34
# of IPC 4-Digit Codes 25.776 20.933 7 1 199
Panel B: Descriptive Statistics for 17,129 Sample Firms
INNO_PAT; 1.138 1.339 0.000 0.000 9.647
INNO_IPG3; 0.863 0.295 0.000 0.000 3.556
INNO_IPCH; 0.997 0.404 0.000 0.000 5.298
INNO_CON, , 0.662 0.157 0.000 0.000 1.000
INNO_TF, 0.674 0.175 0.000 0.000 0.987
EXP_D,, 0.466 0.388 0.000 0.000 1.000
EXP R, 0.168 0.179 0.000 0.000 0.979
RD, , 0.030 0.037 0.008 0.000 0.625
SIZE, , 18.606 1.415 18.279 15.476 23.853
CAP,, 0.294 0.215 0.259 0.002 0.798
AGE,, 3.230 0.675 3.178 0.693 4779
DEBT; , 0.094 0.117 0.082 0.000 0.895
oy 1.211 0.725 0.984 0.012 15.765
PMC,, 0.678 0.143 0.635 0.023 0.915
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Table 4. Exports and Innovation

Innovation Performance

Research and Development

]NN07PA];t+1 RDi,t+1
() 3) (4)

PXPD,, 0.178 0.095

(3.54) (2.64)

0.062 ** 0.039 **
EFXP R
T (1.99)

3,594 *** 3.745

D . .
o (16.25) (17.66)

0.414 ** 0.387 *** 0.075 ** 0.064 **
SIZE, . ' i .

(15.49) (14.66) (2.33) (2.10)
cap, 0.267 0.315 0.017 0.019

) (4.95) (1.98) (2.22)
AGE, 0.234 0.214 -0.092 -0.075

’ (2.18) (-1.54) (-1.04)
-0.122* -0.132* -0.028 -0.019
DEBT, : : : :
(~1.69) (-1.75) (~1.35) (-1.13)
0 0.221 ** 0.230 ** 0.064 *** 0.069 ***
(2.49) (3.54) (3.68)
pic, 0.097 0.089 0.025 0.019
: (2.00) (2.55) (2.10)
-0.015 -0.007 -0.009 -0.007
PMC? : : :

! (-0.98) (-0.79) (-0.37) (-0.22)
Constant Yes Yes Yes
Industr_y and Year Yes Yes Yes
Dummies
Firm-Years 15,929 14,746 14,746
R? 0.2769 0.1729 0.1685
F Value 225,98 20317 149,92 141,71

Notes: 1. The ¢ statistics that are calculated as clustered standard errors at firm level are provided in parentheses.

2. 0.1, 7 pK0.05, pX0.01.

2. =&0| Sl g0 Ojxl= B
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Table 5. Exports and Innovation Scope
# of IPC Codes Concentration Proximity
[NNO,IPCBM+1 INNO C'O]\g_t+1 INNO_ 1P, .,
(1) (2) (3) (4) (5) (6)
Panel A: Estimation without Controls
FXP. D, -0.117 0.235 0.319
(-2.44) ) (2.37) ) (3.57) )
EXP R, -0.040 0.058 0.047
(-2.01) (2.22) (2.42)
Constant Yes Yes Yes Yes Yes Yes
R 0.1503 0.1215 0.1363 0.1339 0.1349 0.1342
F Value 122.14” 1365 12166 120.15” 123.72" 121.10"
Panel B: Estimation with Controls ) )
EXP.D, -0.102 0.227 0.320
(-2.03) (2.19) (3.66)
-0.033" 0.052" 0.040"
EXP_R, : : :
o L (.9 (03 @)
RD 0.028 0.029 0.144 0.139" 0.162 0.169
(1.97) (1.99) (2.92) (2.87) (3.28) (3.35)
S 0.208" 0.297"" 0337 0.339" 0.215" 0.213"
(3.00) (2.97) (4.03) (4.15) (3.27) (3.22)
CAP, 0.012 0.010 0.005 0.003 0.020 0.020
(0.97) (092) (044) (029 (03 032
AGE 0.178 0.177 0.259 0.259 0.242 0.239
o (2.27) (2.21) (3.00) (2.97) (2.80) (2.75)
-0.010 -0.011 0.027 0.020 0.009 0.007
DEBT ) } : ) ) )
(-0.41) (~0.45) (1.24) (1.00) (0.22) (0.11)
0 0.023° 0.018" 0.044" 0.042" 0.028 0.027°
(1.74) (1.69) (2.03) (1.99) (1.82) (1.79)
PMC 0.075" 0.073" 0.007 0.005 0.053 0.049°
i
‘ (2.02) (1.99) (0.33) (0.28) (1.83) (1.77)
-0.004 -0.004 -0.009 -0.010 -0.011 -0.009
(~0.14) (~0.09) (-0.31) (-0.33) (~0.45) (~0.28)
Constant Yes Yes Yes Yes Yes Yes
Industry and Year
Dummies Yes Yes Yes Yes Yes Yes
Firm-Years 15,929 15,929 15,929 15,929 15,929 15,929
R? 0.1692 0.1478 0.1522 0.1535 0.1563 0.1579
F Value 179.117 149.48" 156.37" 155.92" 160.77 159.14"

Notes: 1. The ¢ statistics that are calculated as clustered standard errors at firm level are provided in

parentheses.

2. *p{0.1, *pX0.05, ***X0.01.
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Table 6. Exports and Innovation: Tobit Regressions
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Innovation Innovation Scope
Performance # of IPC Codes Concentration Proximity
INNO_PAT, | INNO_IPC3, , . INNO_CON,, ., INNO_TP,, .,
)] 2 @) )
Panel A: Explanatory Variable = Export Participation
0.105 *** -0.095 ** 0.213* 0.259 ***
EXP _D.

v (3.21) (-2.10) (1.92) (3.10)
Control Variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Industr'y and Year Yes Yes Yes Yes
Dummies
Pseudo R’ 0.2315 0.1635 0.1504 0.1521
LR »* 33517 195.97"* 166.15"* 169.78"*
Panel B: Explanatory Variable = Export Ratio

0.050 ** -0.025 * 0.040 * 0.039 **
EXP R 2 : : :

o (2.11) (-1.76) (1.80) (2.15)
Control Variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Industry and Year Yes Yes Yes Yes
Dummies
Pseudo Rr* 0.2291 0.1627 0.1495 0.1509
LR * 331.67*" 195,23 166.02"* 168.03"*

Notes: 1. The ¢ statistics that are calculated as clustered standard errors at firm level are provided in

parentheses.

2. *p{0.1, *pX0.05, ***X0.01.
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Table 7, Exports and Innovation: GMM Estimation by Additional Control Variable

Innovation

Performance  # of IPC Codes

Innovation Scope

Concentration Proximity

INNO_PAT, ., INNO_IPC3, ,

INNO_CON, ., INNO_TF,,

(1) (2 (3) (4)

Panel A: Explanatory Variable = Export Participation

0.162 *** -0.075* 0.219 0.305 ***
e (300 (-1.75) (200 (3.0)
Innovation(t) 0.849 *** 0.687 *** 0.535 *** 0.725

(10.97) (11.65) (10.15) (16.54)
Control Variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Industr_y and Year Yes Yes Yes Yes
Dummies
Wald 3,571.32"* 3,113.44 3,037.10" 3,105.71*
Arellano—Bond Tests for
AR(1) -0.705 -0.932 -0.995 -0.672
AR(2) -0.445 -0.402 -0.102 -0.259
Panel B: Explanatory Variable = Export Ratio

0.053 * -0.029 * 0.040 * 0.031*
BAER, (1.94) (-1.73) (1.93) (1.85)
Innovation() 0.855 *** 0.689 *** 0.531 *** 0.725

(11.05) (11.75) (10.02) (16.59)
Control Variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Industr'y and Year Yes Yes Yes Yes
Dummies
Wald ¥* 3,569.48"* 3,112.29"* 3,035.18"* 3,103.61"*
Arellano—Bond Tests for
AR(1) -0.706 -0.935 -0.992 -0.679
AR(2) -0.447 -0.399 -0.109 -0.257

Notes: 1. The ¢ statistics that are calculated as Arellano-Bond (1991) standard errors are provided in

parentheses.

2. *p{0.1, *pX0.05, ***X0.01.
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Table 8. Exports and Innovation Scope: Alternative Measures

# of IPC Codes Concentration Proximity
INNO_KSIC,, . | INNO_K_CON, , . , INNO_K_ TP, . |
(1) (2) 3) (4) (5) (6)
-0.097* 0.153™ 0.371*
EXP-Dy (~197) (2.03) @11)
-0.029* 0.022* 0.058**
EXP R, (~1.85) (1.76) (2.49)
RD. 0.032** 0.037** 0141 0.140™ 0.135** 0.137**
ot (1.99) (2.11) (3.37) (3.32) (3.11) (3.20)
SIZE 0.280 0.282*** 0.331™* 0.332™** 0.212* 0.210™*
o (3.40) (3.52) (3.99) (4.03) (3.15) (3.10)
CAP 0.014 0.010 0.007 0.007 0.015 0.016
ot (1.00) (0.95) (0.44) (0.43) (0.25) (0.28)
AGE. 0171 0.172** 0.211™* 0.213** 0.141™ 0.130**
i (3.15) (3.18) (2.66) (2.69) (2.70) (2.61)
-0.011 -0.013 0.030 0.028 0.004 0.004
DEBT (051 (-0.59) (1.34) (1.27) (0.15) 0.1
o) 0.030* 0.034* 0.042** 0.041** 0.039* 0.037*
it (1.82) (1.90) (2.00) (1.97) (1.79) (1.69)
PMC 0.081** 0.080* 0.017 0.013 0.056* 0.050"
ot (2.12) (2.07) (1.00) (0.95) (1.92) (1.80)
PMC? -0.004 -0.003 -0.010 -0.011 -0.011 -0.007
b (-0.15) (-0.07) (-0.29) (-0.31) (-0.50) (-0.24)
Constant Yes Yes Yes Yes Yes Yes
I[r)ldustr_y and Year Yes Yes Yes Yes Yes Yes
ummies
Firm-Years 15,929 15,929 15,929 15,929 15,929 15,929
R? 0.1383 0.1376 0.1499 0.1492 0.1345 0.1335
F Value 135.97"** 13514 150.03"* 149,12 159,17 157.66™"

Notes: 1. The f statistics that are calculated as clustered standard errors at firm level are provided in

parentheses.

2. *p{0.1, *pX0.05, ***X0.01.
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Table 9, Exports and Innovation: Innovation in Core Industry

Core Industr
INNO_PATSRE

Non—Core Industry
INNO_PATNGGR®

(1 2 (3) (4)
PXP.D., 0.195 -0.035
’ (4.33) (-1.00)
PXPR, 0.089 -0.019
' (3.02) ' (-0.14)
RD 3.599 35917 3.034" 3.087"
(16.65) (16.21) (8.35) (8.40)
s178, 0.397 0.382 0.235 0.232
' (14.15) (14.03) (7.85) (7.60)
0.213" 0.250 " 0.210 ™ 0.205"
. . . . .
o (4.03) (4.19) (3.97) (3.82)
0.215" 0.207° 0.204° 0.208"
AGE . . . .
(2.00) (1.92) (1.88) (1.89)
0.052 0.032 -0.097 -0.099
DEBT.

" (1.04) (0.75) (-1.05) (-1.22)

0 0.215 0.220 0.195 0.200°
ot (2.29) (2.35) (2.03) 2.11)
0.075° 0.079° 0.088" 0.083°
PMC. ' ' ' .
(1.85) (1.88) (1.92) (1.90)
-0.003 -0.003 -0.011 -0.010
PMC?

o (~0.13) (~0.20) (-0.91) (-0.88)
Constant Yes Yes Yes Yes
I[r)ldustr_y and Year Yes Yes Yes Yes

ummies
Firm-Years 15,929 15,929 14,746 14,746
R’ 0.2883 0.2840 0.2639 0.2615
F Value 230,15 228.92" 206.71" 206.01°

Notes: 1. The f statistics that are calculated as clustered standard errors at firm level are provided in

parentheses.
2. *pX0.1, **pK0.05, **pX0.01.
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Table 10, Exports and Innovation: Subsample Tests

Innovation Innovation Scope
Performance # of IPC Codes Concentration Proximity
INNO PAT,, ., INNO_IPC3,, ., INNO_CON,, INNO_TP,, .,
(1) (2) (3) (4) (5) (6) @) 8
Panel A: Chaebol Firms vs. Non—Chaebol Firms
Chaebol Firms (n = 2,133)
EXP.D, 0.025 -0.050 -0.005 0.022
T (0.45) (-0.20) (-0.07) (0.75)
-0.007 -0.025 0.017 0.002
EXP R, ; ; : :
o (-0.05) (-0.37) (0.09) (0.01)
R? 0.2355 0.2370 0.1535 0.1529 0.1403 0.1397 0.1465 0.1470
F Value 79.15™*  79.03™* 4519 4398™* 5570 5551  59.80™*  60.02**
Non-Chaebol Firms (n = 13,796)
0.180™* -0.120** 0.249™* 0.335™*
EXP.D, - - - -
S (3.66) (-2.49) (2.55) (3.66)
0.070** -0.047* 0.067 0.053**
EXP R, ' ' ' )
(2.55) (-2.22) (2.45) (2.49)
R? 0.2773 0.2759 0.1635 0.1607 0.1505 0.1520 0.1544 0.1560
F Value 210.49™  210.07* 15491  148.75™* 14577 14580  150.49™*  151.01""
Chaebol — Non—-Chaebol Firms
-0.155* -0.077*  0.071™*  0.022* -0.254™* —0.050"* -0.313"* -0.051**
(3.00) (-2.66) (2.35) (1.69) (-3.79) (-2.35) (-4.55) (-2.44)
Panel B: Large Firms and Small-Medium Firms
Large Firms (n = 6,859)
0.139** -0.145™" 0.279*** 0.355***
EXP D.
S (219) (-2.77) (2.75) (4.04)
0.051* -0.049** 0.069** 0.055™*
EXP R, - ' - -
o 2.21) (-2.39) (2.54) (2.49)
R? 0.2745 0.2750 0.1685 0.1675 0.1513 0.1522 0.1570 0.1562
F Value 154,777 155.02"* 8579  85.40™  89.18""  90.45**  97.66™  97.13™
Small-Medium Firms (n = 9,070)
0.190** 0.083 -0.139* -0.075**
EXP._D, : : : :
T (4.44) (1.39) (-1.83) (-1.99)
0.099* 0.013 -0.035* -0.015*
EXP_R, : : : :
- (4.65) (1.45) (-1.89) (-1.80)
R? 0.2759 0.2767 0.1663 0.1669 0.1504 0.1519 0.1554 0.1537
F Value 178.85™*  179.14™*  90.55™*  91.04™*  97.65™"  98.09"*  100.66™*  100.34™**
Large - Small-Medium Firms
-0.052"  -0.048™ -0.228"** -0.062™" 0.419™*  0.104™  0.430™  0.039™*
(-2.32) (2.15) (-3.66)  (-2.55) (4.97) (2.80) (5.17) (2.66)

Notes: 1. The ¢ statistics that are calculated as clustered standard errors at firm level are provided in

parentheses.
2. *pX0.1, **pX0.05, **pX0.01.
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Appendices

Table A. Probit Regression for Export Participation
Export Participation EXP_D, ,

INNO_PAT,, 0.233
(2.66)
D, 0.169
(2.15)
SIZE, 0.654
(5.75)
cap, 0.151
(1.92)
AGE, 0.375
(3.24)
DEBT, -0.124
' (-1.67)
0.245
Qi
(3.15)
ey 0.075
(0.98)
PMCE, -0.005
(~0.24)
Industry and Year Dummies Yes
Firm-Years 19,525
Pseudo r* 0.2276
Notes: 1. The z statistics that are calculated as clustered standard errors at firm level are provided in
parentheses.

2. *p{0.1, *pX0.05, ***X0.01.
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