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Regional R&D Investments and
Production Efficiency of Manufacturing Industries

Cho, Yun Ki* / Kwon, Sun Hee**

This study investigated the production efficiencies of manufacturing industries in 16 regions
and its determinants during the period of 2000-2019 using the stochastic frontier model
with inefficiency effects. The principal findings are as follows. The production inefficiency
significantly existed and thus regional manufacturing industries was producing less than the
achievable potential product, Gyeonggi province has showed the highest efficiency in terms of
sales and Ulsan scored the highest in value-added, Production efficiencies in sales and value-
added had showed a close relationship till 2010 but since then conflicting trend with efficiency
in sales decreasing continuously and that in value-added increasing., Production efficiency is
positively associated with the size of firms, ratio of ICT industries, and import and export shares of
GRDP. However education level and capital stock per population have negatively affect production
efficiency or have no statistically significant effect, While private sector R&D investments

negatively affect production efficiency, public sector R&D investment have a positive effect,

Key words _ Stochastic Frontier Function, Inefficiency Model, Production Efficiency, Determinants of Efficiency,
R&D Investment
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po/ES 11238 4,695 227 89.7 29 0.0 0.4 216 0.97 19.75
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H] A LA} v E-S AHEY THERRE A7)E 26.11%, A 22.54%2 2 ¥ES 2R8I

UAE WA Aol A= 10%0]ehe FAISHL e e & & Utk 53] AlF= 0.97%= te A
[e]
o

2 Z¥o) 38 5%, A717} 33.2%
2 AEA o7 o1 o]o] F5(22,3%), 5H(22.0%) <=0l thF-E9] A9 10%1|REe & Ll
A}, EZH 2| FAPAbl| A =EQJH]Fo] AR = HF-2 &Ate] 207%, 5'9(104.3%), ' (103.1%)
O 2 e glom Aot ZHE 10% wIRke] BlS-& Holal qloh, 7|GAlH e S4te] 9Al 3
o 1102 7P A3 th3-2 SH(619) Z-5(54.68)=0lch, ghH A|5(22.78) Alshils A&

7871(37.4%) & T=HAGY 7|t AAeR A2 Zow
UL Q=T o= i S g Aol wE AR Qs gAlEe] =i T AR o

A A s,

V. X|[F9E a2y dilesd & 20

GE € 20009014 201997H09] B4717E £t 167) HelA- & Aas Hislo] Emeol

oot v EEARYS 3 Arjolch A1) AL AEHS
2 A Asfelt), (E Aol A HelFE 2afEHg L B
2 AR g 9 g o] EAeRE Sl 4
LS

AR E 2tk AR R A2 F 2y

n
—

—RAGSAZT ghel 1% {2l A

1) L-RAAEAZE r—2utm-sml 2 HOlen] )9} 0 22} 73 7He) RI19E ghe ojulsia, AAEA
e 2AH O FRAIY 002 F1HE B4 o] AFES e T AFRES BEtHEE7]- 84, 2015).
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smmaEofas E(E5}H) 2SI
Az -2 Az -2t
Bo 2,002 0529 5.346 3733
1 (cSKt) 377 9.028** 1.996 6457+
B, (HLSSIXIAY —1.21 —13.721% -0.732 —2.025%
By 0.258 5433+ 0.232 5487+
By 0.247 6.469%** 0.176 6,645
Bs -0.571 —9.635"* -0.409 —6.745"**
Bo (Al -0.020 ~7.098"** -0.023 —4.687%*
HEESNsNEH
5 -0.165 -0.427 -0.185 -0.650
6, (71972) -0.003 —2.756™* -0,003 —4.687"*
0, (MBEHIE) 0.007 1.932* 0.005 2565
oy (MI=HESIT) -0.004 -0.863 0.035 6771
5y (KHEAE) 0.001 3825+ 0.001 0.679
55 (UZ+E) -0.005 —2.600™* —0.001 —2.963"*
0 (EUHIB) -0.007 —17.865%* -0.003 —10,218***
07 (MHTBE) 0.001 0.034 -0,009 -0410
oy (BawgEs) 0.120 5.239%** 0.069 3,079
3y (SZREDTAE) -1.142 -8.898** —-0.848 —6.330"**
8,0 (TZIRIDEIFE) 2202 5,555%+* 0.249 0.758
5 (ICTHIE, -0.012 —0.825%* -0.010 —9.966™*
b1 (FA) -0.007 -1.201 -0.039 —B.434%**
o’ 0.016 9.264*** 0.01 10.397***
¥ 0911 64,120 0.467 1.886*
log—likelihood 224,661 281.723
# of iteration 100 64
5 e 282 1%, 5%, 10% RASE0IA ROIEES 2lolE,
(& 4) 2ol st 7+ Zat
AS7H(HO) Eg:_Rgggmigz X0 2 Hazn
(1) B;=8,=05=0 114748 403.162 1.34 712
2 y=06,=0,=06,=8;=-+=8,=0 404.164 435,947 29,14 7|z
(3) v=0 275.040 316.083 6.63 712
@) 6,=0,=06,==0,=0 404,268 436.004 26.22 712t
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H [e]
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A
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25 AHsHe g B 90 4 ok



16 | GRIgIT =5 20223 FM243 M3z

Ae2] A9 mHINAE 9] e Hol Ao UeAT $ol40] gl Aow Hop A2 ES}

A7t 2619 712 AR vAE BTN WA 4 Qglth W BoplAe) Aes 19 42

oK EAMoR fol3t kel BBE Wol 9o} AXYSHYEI} %L Aol B 7|

WA A o] FHASHE A0 YRl ol AZYETHE} o Aojass o5 ARl

R EXY Hl%OI 589 HOlFE A0 ShHE 4 olrk, e AAFE WA B uy nE g
=

Ao g Ueht Ak o] AE w7} AAagAlol wx|s

)
2
Jo
1o
ox
2
rlr
>.

zYgell= mAA X

ot
iy
j}_l‘
rlr
N
12
1o
_|>i
:

JN
ﬁ
bi
o
N
2

ICTH]F W= 7 2 BF FA%eR O«IUW 04 %Iﬁ L}EMU-’ o] Alz9] F ICTH|F0]

FoT S S0y TP A Aate] B84 SUleke AR yEhal Qlu A9 9] =
£ Ut sEdnlgls 94 & 1Y BF 59 #3E Eolﬂ Aem - A yeht A9
US4t 5 7= leol oS A2 AMaeAdS 7k Ao ® YEhtal Qi

OlA] 2 Ate] F8 AR A QE FA Tl AlxdYEEACl vAE BIE AuEAL A
A U ANEREAL ARE T2 RARE IRMEERALR viro] duE, 33 Ad AR
EHee 7 Byl Fovdt 59 gho] Yehdal Qo] S5 ANt RALS] S S At
of aeAdE S7IBHL ks Ale & o Qv W R AN RALE S RIPIAHA aed
of mAl Fojuet BIE TAT = e W 219 B wofuidt oFef gho] UERtal 3l o
© A AFNLTFAE ALER o] A A3A/ Rl Al anE 243 29 s AR
A= AGAGAGl Fel Fe vEhd Bk RN 2o 93 niAle AeR 24T
A-8<=-0153H2017) 9] AFATetE FARE Bgoltt? ol TR ATNUTEAL] A9 Akle] AYAl
€ ?%“M] HAs At ARG EAE Y F7] fEo 2 siAsE = Aok S kA

13) M AR A fabo] e HHATENHE FARE AuHEo] £2ET Gy olo] dhshi Hrk Mud HEA
Lo 202 AL, ol ATRIRFY a7t T AAE T el 5 QT E @R} ol Rojx 1 gl
o

AL A3t FAHO R WS 470 BUH T BT £ ek,



WEAY B9 FE 07]SAUS FHOR o|FolAn] ATAMEAS AT T AFolt 714
RAESAE Z7H1 5 A T dFolut 7192 AR A lH Gl ATHY S50
Gk, WHA FFATAREAL 7199 o] @ TTSE BER SHe NgaT AT P, A7)
WEAS RS A7l Aol FAeo] |t MU ALIANI] ALY PSS 3
Aol ANE £5F 5 9] GO R PerEn

X< 2000 2003 2006 2009 2012 2015 2018 2019 gz g;_gé
M2 0.260 0.288 0.257 0.284 0.295 0.262 0.236 0.240 0.270 —-0.415
2t 0.221 0.243 0.289 0.313 0.306 0.281 0.245 0.243 0.276 0.502
o = 0.219 0.214 0.245 0.232 0.256 0.232 0.221 0.211 0.233 —0.192
QI 0.348 0.332 0.415 0.379 0.413 0.338 0.331 0.314 0.371 —0.532
aF 0.229 0.240 0.325 0.329 0.364 0.352 0.328 0.323 0.320 1814
ot 0.225 0.240 0.245 0.256 0.272 0.273 0.230 0.225 0.253 0.002
24 0.572 0.652 0.915 0.921 0.990 0.757 0.656 0.658 0.807 0.737
Z 7| 0.788 0.743 0.817 0.822 0.955 0.920 0.954 0.910 0.867 0.764
a4 0.157 0.157 0.168 0.186 0.188 0.180 0.179 0.169 0177 0.377
5= 0.311 0.312 0.349 0.366 0.380 0.383 0.369 0.357 0.355 0.735
54 0.386 0.431 0.541 0.647 0.661 0.558 0.585 0.571 0.556 2.081
M= 0.256 0.265 0.311 0.331 0.342 0.319 0.293 0.285 0.308 0.570
e 0.370 0414 0.554 0.554 0.686 0.425 0.461 0.461 0.508 1168
s 0.534 0.606 0.700 0.789 0.788 0.637 0.545 0.531 0.670 —0.030
a4 0.458 0.487 0.564 0.681 0.644 0.524 0.439 0.441 0.552 —0.202
M = 0177 0.177 0.178 0.192 0.169 0.168 0.151 0.134 0174 —1.464
o= 0.344 0.362 0.430 0.455 0.482 0.413 0.389 0.380 0.419 0.513

SErYEofgeo] AFEY ATE ErjR 2519 7127 B 7120w o] 4 109 4
£910] AR AT T WBlol S 2% vt (& 59k G 6)0] ekt 9IekY A Zsto) 7]
2 o] ARAS Anw BA717E 5 Selvet Ao |24 AARRAL 20004 0,344

20199 0.806°.2 F7lslal Qlom BA7|7F Hat 0,4192 4 Z|off A 42% A =& AJAkstal Q)

14) A1A -39 4](2021)2 CGE 282 gH-83slo] 2UjESAAte] 2aily} 22 R&DEAZF W7 R&DEAIRL 3,58 & 27
yepdthar ARsiith, EF S3REDFALS] 21l ot ans A5He] 535S MAlshe di= 7ottt Y,
15) FA7IZE St A= 5] A= ol A
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09 oF 52 9t} ¥ HAY|7H F A7|wst 0,867 71 e ARAS Hole Zog Uehton 1
02 2ARFAIA(0.807), 4E(0.670) <22 et Qlch, wigof 7hg W g 84S HojF
£ A9 AZF0.174)2 Z(0.177), THH0.233)%= 02 LpERgT £ GEAS Kol X3} ¥
2 884E Hol AY S vus|RH 7 A d HxpF 2 AL o 5 olrk A7 B 584 5
7He Zdo] ABF 2% oS 7128t glom I theo R BR(1.814%), AeH(1.168%)w 08 ek
ST oH 7RSS A, o, I, Al BE, ARG BEA] sk A0R vehal
AT 53] Al 1.46%9] 7P & 584 g 2ol otk
(B 6) A= XY S84 FHAWEIPIXI|E)

o olmz
x4 2000 2003 2006 2009 2012 2015 2018 2019 o =Jte
Ne 0.349 0.423 0.444 0.552 0.657 0.699 0.755 0.809 0.567 4530
A 0.297 0.335 0.397 0.476 0.505 0.565 0.584 0.602 0.461 3794
o 7 0.288 0.315 0.374 0.409 0.460 0.494 0.561 0.569 0.420 3.643
oI N 0.332 0.369 0.440 0.495 0.584 0.605 0.666 0.705 0.512 4.034
g3 0.388 0.415 0.557 0.566 0.681 0.760 0.796 0.824 0.617 4.042
o = 0.452 0.539 0.606 0.698 0.846 0.955 0.974 0.979 0.741 4,156
24 0.628 0.736 0.917 0.972 0.990 0.947 0.963 0.973 0.897 2.336
Z 71 0.506 0.504 0.585 0.684 0.815 0.894 0.980 0.981 0.725 3.545
ZH 0.346 0.378 0.424 0.492 0.524 0.597 0.689 0.688 0.503 3.680
55 0.480 0.505 0.583 0.643 0.710 0.757 0.847 0.843 0.653 3.006
sd 0.476 0.553 0.685 0.851 0.918 0.908 0972 0.975 0.782 3.842
s 0.366 0.435 0.486 0.555 0.584 0.653 0.696 0.717 0.548 3.608
e 0.409 0.487 0.618 0.710 0.927 0.814 0.952 0.960 0.730 4,598
a5 0.565 0.703 0.819 0.931 0.944 0.893 0.900 0.912 0.841 2.557
4 0.421 0.449 0.509 0.663 0.689 0.654 0.699 0.734 0.598 2.965
H = 0.344 0.361 0.399 0.504 0.515 0.590 0.646 0.633 0.488 3.259
o= 0.415 0.469 0.553 0.637 0.709 0.737 0.793 0.806 0.630 3553

BARE 71202 AYake] B4 248 AT §84S 20004 04150041 20199 0,6300.%
S7FokaL it} 7M=& A8 Holil Qe A9 SARFAA=A WA E4717F 54 0.897¢]
FEAS HolRal glon HE(0.841), $(0.782)0] 11 the o2 yehual ok, 71 W 5e
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(RH 1) SolH7|E X|9E Mz Mitesd FHZEN

Xl o 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
ME 0.260 0.277 0.286 0.288 0.251 0.250 0.257 0.253 0.291 0.284
2 0.221 0.233 0.239 0.243 0.258 0.272 0.289 0.294 0.349 0.313
o 7 0.219 0.208 0.211 0.214 0.228 0.240 0.245 0.248 0.253 0.232
el 0.348 0.332 0.331 0.332 0.371 0.387 0.415 0.444 0.446 0.379
ZgF 0.229 0.257 0.262 0.240 0.262 0.320 0.325 0.332 0.335 0.329
o & 0.225 0.230 0.239 0.240 0.265 0.246 0.245 0.249 0.275 0.256
= 0.572 0.625 0.630 0.652 0.781 0.876 0.915 0.918 0.992 0.921
47| 0.788 0.740 0.762 0.743 0.797 0.792 0.817 0.832 0.855 0.822
4 # 0.157 0.160 0.162 0.157 0.17 0.171 0.168 0.187 0.196 0.186
= 0.311 0.280 0.301 0.312 0.345 0.326 0.349 0.359 0.367 0.366

0.386 0.377 0.394 0.431 0.500 0.529 0.541 0.567 0.650 0.647

r2 | o

0.256 0.234 0.262 0.265 0.299 0.307 0.311 0.333 0.352 0.331

rx

0.370 0.353 0.377 0.414 0.535 0.549 0.554 0.57 0.734 0.554

0.534 0.536 0.571 0.606 0.710 0.690 0.700 0.725 0.812 0.789

oY

0.458 0.472 041 0.487 0.531 0.547 0.564 0.617 0.707 0.681

ol

0177 0.167 0.170 0177 0.206 0.197 0.178 0.169 0.163 0.192

oy
Hi || oC | HT | oC | AT | of | 4o

ra

0.344 0.343 0.354 0.362 0.407 0.419 0.430 0.444 0.486 0.455

(R 2) SolU7|ZE X|HE MEY 284 FEZENAIL)

x4 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
M2 0.306 0.297 0.295 0.283 0.271 0.262 0.259 0.251 0.236 0.240
24 0.324 0.327 0.306 0.284 0.277 0.281 0.267 0.258 0.245 0.243
o 7 0.257 0.266 0.256 0.248 0.238 0.232 0.222 0.221 0.221 0.211
el 0.403 0.422 0.413 0.383 0.370 0.338 0.326 0.340 0.331 0.314
g 0.389 0.399 0.364 0.350 0.351 0.352 0.331 0.318 0.328 0.323
o 0.267 0.270 0.272 0.268 0.273 0.273 0.265 0.252 0.230 0.225
= 0.938 0.991 0.990 0.974 0.961 0.757 0.674 0.656 0.656 0.658
Z7| 0.951 0.962 0.955 0.957 0.940 0.920 0.895 0.954 0.954 0.910
g 0.180 0.183 0.188 0.188 0.192 0.180 0.179 0.183 0.179 0.169
] 0.404 0.405 0.380 0.378 0.381 0.383 0.357 0.367 0.369 0.357

0.670 0.686 0.661 0.643 0.626 0.558 0.538 0.554 0.585 0.571

| o

0.345 0.354 0.342 0.339 0.331 0.319 0.299 0.296 0.293 0.285

r

0.585 0.635 0.686 0.564 0.517 0.425 0.394 0.423 0.461 0.461

0.838 0.808 0.788 0.736 0.690 0.637 0.589 0.569 0.545 0.531

oy

0.679 0.687 0.644 0.583 0.556 0.524 0.490 0.457 0.439 0.441

2

0177 0.209 0.169 0.161 0.166 0.168 0174 0.167 0.151 0.134

oy
Hi || 0of | HT | of | 4T | of | Ao

r

0.482 0.494 0.482 0.459 0.446 0.413 0.391 0.392 0.389 0.380
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(R 3) R 7|1& X198 MEY Yiesd FHZEN

pal

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Pl

0.349 0.365 0.385 0.423 0.405 0.416 0.444 0.481 0.547 0.552

| Mo | 18

Sl

0.297 0.306 0.323 0.335 0.362 0.376 0.397 0.423 0.490 0.476

il

—

0.288 0.281 0.294 0.315 0.338 0.356 0.374 0.389 0.405 0.409

re
ra

0.332 0.332 0.340 0.369 0.394 0.402 0.440 0.476 0.508 0.495

-

oK

0.388 0.426 0.432 0.415 0.454 0.510 0.557 0.568 0.610 0.566

m
|

=

0.452 0.478 0.503 0.539 0.606 0.588 0.606 0.637 0.707 0.698

2

0.628 0.675 0.681 0.736 0.794 0.883 0.917 0.956 0.991 0.972

oM | o

N

0.506 0.472 0.491 0.504 0.554 0.563 0.585 0.629 0.682 0.684

oY
rio

0.346 0.354 0.362 0.378 0.420 0.427 0.424 0.464 0.490 0.492

ot

0.480 0433 0.469 0.505 0.567 0.543 0.583 0.603 0.645 0.643

0.476 0.441 0.492 0.553 0.627 0.652 0.685 0.742 0.820 0.851

2| oy

0.366 0.362 0.398 0.435 0.442 0.465 0.486 0.519 0.560 0.555

r

0.409 0.414 0.450 0.487 0.600 0.626 0.618 0.693 0.875 0.710

Ho | of | HT | of | Ao

oX

0.565 0.584 0.641 0.703 0.812 0.816 0.819 0.832 0.932 0.931

o
o

0.421 0.430 0.428 0.449 0.488 0.490 0.509 0.559 0.675 0.663

=
i

0.344 0.325 0.336 0.361 0.406 0.396 0.399 0.460 0.446 0.504

ra
HA

0.415 0.417 0.439 0.469 0.517 0.532 0.553 0.589 0.649 0.637

(R 4) 2771 7|1& XIFE MEY s8¢ FEZHAL)

A

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

=

0.608 0.644 0.657 0.663 0.678 0.699 0.721 0.741 0.755 0.809

| mo | 12

4

0.504 0.506 0.505 0.504 0.527 0.565 0.565 0.570 0.584 0.602

[l

gy

0.425 0.447 0.460 0.467 047 0.494 0.512 0.532 0.561 0.569

ro
]

0.539 0.582 0.584 0.580 0.591 0.605 0.634 0.658 0.666 0.705

=

oK

0.661 0.698 0.681 0.711 0.732 0.760 0.761 0.783 0.796 0.824

| A

il
=

0.723 0.773 0.846 0.887 0.927 0.955 0.967 0.973 0.974 0.979

-

0.978 0.991 0.990 0.987 0.987 0.947 0.939 0.948 0.963 0.973

oM | Mo

N

0.763 0.802 0.815 0.854 0.862 0.804 0.907 0.964 0.980 0.981

O
e

0.488 0.491 0.524 0.548 0.588 0.597 0.625 0.664 0.689 0.688

Ot

0.666 0.710 0.710 0.727 0.752 0.757 0.765 0.813 0.847 0.843

0.899 0.927 0.918 0.925 0.916 0.908 0.915 0.947 0.972 0.975

| o

0.589 0.600 0.584 0.592 0.637 0.653 0.644 0.668 0.696 0.717

r

0.787 0.886 0.927 0.861 0.849 0.814 0.803 0.885 0.952 0.960

HT | of | | or | Ko

oY

0.950 0.946 0.944 0.931 0.915 0.893 0.902 0.892 0.900 0.912

o
oc

0.677 0.719 0.689 0.658 0.666 0.654 0.675 0.685 0.699 0.734

=
i

0.503 0.518 0.515 0.540 0.550 0.590 0.638 0.654 0.646 0.633

rx
Hri4

0.672 0.703 0.709 0.715 0.728 0.737 0.748 0.774 0.793 0.806
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