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ABSTRACT

Korea’s R&D intensity was 4.64% in 2019, the second-highest among OECD member countries after Israel (4.90%). R&D
investment can enhance the productivity of firms by promoting technological progress and innovation. In Korea, R&D
investment has continuously increased, but there are various opinions on the effectiveness of R&D investment because the
productivity of R&D investment differs on how R&D productivity is defined and the measurement index used. In addition,
literature related to productivity changes and R&D investment effects at the firm level is sparse. Therefore, in this study, R&D
productivity was estimated using stochastic frontier analysis and the Malmquist productivity index based on firms participating
in the Korean emissions trading scheme (KETS). From the empirical results, it is concluded that R&D productivity has been
steadily declining compared to previous years. The factor most strongly influencing fluctuations in R&D productivity is
efficiency change. In addition, estimated total factor R&D productivity is increasing and the increased value is statistically
significant after the introduction of the KETS. On comparative analysis across industries, industries with the highest total factor
R&D productivity among the 12 industries were petrochemical, machinery, and semiconductor industries. Textile, power

generation/energy, and non-ferrous metal industries had low R&D productivity.
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Table 1. Input/output summary

Variable Source
. KISVALUE database
Capital .
(Total capital)
KISVALUE database
Labor

(The number of employee)
KISVALUE database

(Ordinary research and

Input

R&D investment
development expense+Research

and development cost)
KISVALUE database
(Total sales)
Korea Intellectual Property

Sales

The number of . .
Output Rights Information

atent applications

P PP Service(KIPRIS)

Emission Trading Registry
System (ETRS)

Carbon emissions
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Total sales Total Carbon emissions Total number of patent
(unit: Billion won) (unit: Million tons) applications
Machine / Equipment 104,000.00(1.38%) 9.14(0.21%) 3233(1.86%)
Display 411,000.00(5.45%) 97.53(2.25%) 26676(15.38%)
Semiconductor 1,560,000.00(20.7%) 115.00(2.65%) 9877(5.69%)
Energy / generation 1,110,000.00(14.73%) 2,200.00(50.65%) 4313(2.49%)
Nonferrous metals 393,000.00(5.22%) 68.05(1.57%) 1566(0.90%)
Petrochemicals 1,190,000.00(15.79%) 453.00(10.43%) 24396(14.06%)
Textile / apparels 129,000.00(1.71%) 40.91(0.94%) 1053(0.61%)
Cement 38,400.00(0.51%) 347.00(7.99%) 112(0.06%)
Automobile 1,140,000.00(15.13%) 39.25(0.90%) 38694(22.31%)
Electronics 539,000.00(7.15%) 29.91(0.69%) 40287(23.22%)
Shipbuilding 311,000.00(4.13%) 20.97(0.48%) 11576(6.67%)
Steel/metals 610,000.00(8.10%) 923.00(21.25%) 11683(6.74%)

D) A5 AAE B3 714 41571, 4.08%), HAEFH 0] AAGAN, 1.36%), WH=A] 442470, 6.52%), EH/CIHA] 441970, 5.16%),
HEF3E AFAQIN, 7.88%), AR3Fer AFJ(1037, 27.99%), AH AFAAN, 5.16%), AHE AFAGBON, 8.15%), AsAF AFA(397H,
10.60%), A71-R} AFQ(1287H, 7.61%), A AFA(127, 3.26%), A7 AFA457H, 12.23%)
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Table 3. Descriptive statistics
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Variables | Mean | Std.dev| Min Max | Skewness | Kutosis

Insales | 26914 | 1.773 | 17.550 | 32.769 | 0.110 4.418

Inpatents | 2.390 | 2.076 | 0.000 | 8.071 0.794 2.814

InCO, 12.029 | 1.754 | 8.124 | 18.204 1.133 3.969

Incapital | 26.335 | 1.933 | 16.130 | 32.812 | 0.013 4.417

Inlabor | 6.244 | 1.575 | 0.000 | 11.560 | 0.387 3.857

InR&D | 21.797 | 2.740 | 10.086 | 30.446 | -0.178 4.069

Table 4. Correlation matrix

Insales | Inpatents | InCO, | Incapital | Inlabor | InR&D

Insales 1.000

Inpatents | 0.640*** | 1.000

InCO; | 0.596*** | 0.357*** | 1.000

Incapital | 0.861*** | 0.627*** | 0.616*** | 1.000

Inlabor | 0.821%*** | 0.742%** | 0.412%** | 0.781*** | 1.000

InR&D | 0.659*** | 0.530%** | 0.364*** | 0.646*** | 0.725*** | 1.000

** and *** denotes significant correlation at a 5% and 1% level

significance.
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Table 5. Stochastic Frontier model estimation results
Variables True Fixed Effect (TFE) Battese and Coelli (1992) Model (BC92)
65.8568***
Intercept
(10.5557)
. -2.4988%** -6.2691%**
Ink it
(0.6879) (0.7730)
nl’ 3.4974%** 6.5329%**
nl
' (0.7062) (0.9019)
. -0.1605%** -0.0796***
Inputs Ink
(0.0230) (0.0273)
«2 0.1686*** 0.1114%**
Ink
(0.0237) (0.0287)
"2 0.1411%** 0.0462
nl
' (0.0261) (0.0349)
2.7164%** -1.2441%**
Iny;
(0.5500) (0.4748)
| -0.6422%** 1.2537%**
np;
P (0.1646) (0.3394)
1.9514%%** -0.5842
Inc;
(0.4670) (0.4003)
0.0208*** 0.0488***
Inyipic
(0.0056) (0.0160)
-0.0095 0.0463%**
Ouput Inyicic
(0.0138) (0.0175)
0.0120%** -0.0121
Inpiccic
(0.0042) (0.0091)
v -0.0925%*%* -0.1000%***
nyi
Y (0.0235) (0.0289)
N -0.0184*** -0.0392%**
Inpi”
(0.0048) (0.0152)
) 0.0590%** 0.0168
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(0.0195) (0.0137)
. -0.0433** 0.2061***
Ink itYit
(0.0183) (0.0284)
. 0.0078 -0.1525%**
Ink itPit
(0.0086) (0.0162)
. -0.0667*** 0.0079
Ink jcit
Inputs- (0.0148) (0.0196)
Output . 0.0228 -0.1816%**
Inl itYit
(0.1894) (0.0321)
. -0.0120 0.1336%**
Inl itPit
(0.0886) (0.0178)
. 0.0476%** 0.0308
Inl'jcic
(0.0147) (0.0222)
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438 2HEE
Variables True Fixed Effect (TFE) Battese and Coelli (1992) Model (BC92)
. 0.3786%** 0.6644***
(0.0733) (0.2339)
2 0.0054%** -0.0012
(0.0019) (0.0085)
R -0.0158*** -0.0491***
Ink it
(0.0035) (0.0099)
Technical _ 0.0188%** 0.0377%**
nl
change ' (0.0036) (0.0107)
-0.0018 0.0062
Inyit
(0.0022) (0.0082)
0.0022 -0.0037
Inpt
(0.0012) (0.0051)
0.0014 0.0033
Incit
(0.0016) (0.0057)
0.1865%**
ou
(0.0063)
Variance 0.021 1%%*
ov
parameters (0.0044)
1 8.8188***
(0.0056)
LR test 467.9517%** -378.6452%**
BIC -183.6119 954.222

* ) kx ) k*xSienificance at 10%, 5% 1% respectively. The parentheses ( ) denote standard error.
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Table 6. R&D productivity results by industry

Efficiency | Technical |Total factor R&D
Change Change productivity

All industries 1.0113 0.9881 0.9995
Machine / Equipment 1.0091 0.9928 1.0020
Display 1.0038 0.9902 0.9940
Semiconductor 1.0090 0.9911 1.0000
Energy/generation 1.0039 0.9770 0.9808
Nonferrous metals 0.9992 0.9857 0.9848
Petrochemicals 1.0231 0.9864 1.0099
Textile / apparels 0.9753 0.9870 0.9626
Cement 1.0112 0.9847 0.9957
Automobile 1.0032 0.9932 0.9963
Electronics 0.9978 0.9912 0.9890
Shipbuilding 1.0017 0.9942 0.9979
Steel/metals 1.0037 0.9844 0.9881
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Fig. 2. The comparison of the total factor R&D
Productivity by industry (2011 ~2014)

Fig. 3. The comparison of the total factor R&D
Productivity by industry (2015 ~2018)

MEUARA =Y A - F F 24 R&D 44 B
F Folo] EA of2E W] o MEAAYA =
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AHoz foustA R&D Aol F715HT Uee
& 4 gt

Table 7. Analysis Of Variance (ANOVA) result

Sum Sq DF Mean Sq | F value | Pr (>F)

Treat 0.0010 1.0000 0.0010 3.9028 | 0.0598*

Residuals | 0.0064 | 24.0000 | 0.0003

Total 0.0074 | 25.0000

*, kx kkxGignificance at 10%, 5% 1% respectively.
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