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ABSTRACT

Recently Korean universities show very rapid increases in both patents and R&D
(research and development) expenditures. During the period from 1970 to 2008, university
R&D spending has on the average increased 15.3% annually. Along with steady increases in
R&D spending, university’s research outputs have also continuously increased. In 1990
Korea as a total published 1,613 SCl-level scientific papers and Korean universities applied
27 patents to Korea patent office. In 2008, Korea published more that 35,000 SCI papers
and Korean universities applied about 7,300 patents. The growth of scientific articles had
begun from the early 1990s whereas the growth of patent has ignited entering the 2000s.

The paper tried to investigate university research through the window of patent. Patents
lie between invention and innovation and represent the potential value of invention which
will be realized at the marketplace. Since Korean patents do not contain citation information,
the paper used US patents —NBER patent database —as the main data.

The key empirical question is whether Korean university patents granted from USPTO are
characteristically different from other Korean patents granted from USPTO. Previous studies
on US and Europe show that corporate patents are more stylized in appropriablity of
invention, whereas university patents basicness. In case of Korea, the paper confirmed the
appropriability characteristic of corporate patents; but the Korean unversity patents are not
distinguishable in terms of basicness.

The paper estimated the citation frequency function—an empirical model which was
firstly developed by Caballero and Jaffe (1993) and later articulated by Jaffe and Trajtenberg
(1996, 2002). The model is specified mainly composed of two interacting parts —diffusion
effect and obsolescence effect of new ideas or innovations. Estimation results show that
differences in forward citations between university and corporate patents are not statistically
significant, after controlling self-citation. Since forward citations represent the quality of
patents, this estimation result implies that there are no statistically significant quality
differences between university and corporate patents. Prior research results, based on the
same model of citation frequency function, about US and some European cases show that,
in terms of forward citations, university patents are generally superior to corporate patents
—for the case of US- or, the former not inferior to the latter—for the case of most of
Europe.

It is argued that some important and significant policy changes caused the rapid rise of
university patents in Korea. Policy changes include the revision of technology transfer act
allowing the ownership of publicly-funded research results to researchers and the changes in




ABSTRACT

faculty/professor evaluation which gives more credit to the number of patents. These policy
changes have triggered the rapid growth of the number of university patents. The results of
the empirical analysis in this paper indicated that Korea now needs to make further efforts
to enhance the quality of university patents, not just to produce more numbers of patents.
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[Figure 1] Trend of University R&D Expenditure
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[Figure 2] Outputs of University R&D—Papers and Patents
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[Figure 3] Trend of Patent Application
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[Figure 4] The Share of University Patents in Korea and US

(%

Note: US shows the shares of US university patents applied to USPTO, Korea shows the shares of
Korean university patents applied to KPO.
Source: National Science Board, Science and Engineering Indicators, 2010; Korea Patent Office.
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{Table 2> NBER DB-Samples and Forward Citations by Country

Number of Samples

Citation frequency

(including self-citation)

Citation frequency

(excluding

self-citation)

Total University U-(j:e)lre Total | University | Total | University
US 1,479,323 | 50,691 34 14.21 13.84 12.81 13.80
Japan 650,307 896 0.1 9.99 4.73 9.23 4.70
Germany 196,880 203 0.1 7.22 5.23 7.06 521
France 78,028 262 0.3 7.47 6.05 7.35 6.05
UK 56,066 1,331 24 9.04 7.17 8.93 7.20
Korea 42,823 650 1.5 8.44 5.68 8.40 5.68
Canada 40,963 2,118 5.2 11.80 9.73 11.47 9.70
Taiwan 35,984 368 1.0 9.75 1.53 9.40 1.54
Swizerland 35,381 207 0.6 731 7.41 7.23 7.41
Italy 28,313 161 0.6 6.47 4.04 6.39 3.99
Sweden 23,941 13 0.1 9.83 1.67 9.41 1.67
Netherlands 22,559 240 1.1 7.37 6.20 7.15 6.19
Finland 11,807 21 0.2 10.30 7.43 9.43 7.43
Australia 11,011 696 6.3 8.31 7.25 8.16 7.25
Israel 8,591 827 9.6 11.80 8.18 11.67 8.14
Belgium 8,145 194 2.4 6.90 4.14 6.86 4.14
Denmark 6,493 27 0.4 7.02 9.05 6.89 9.05
Austria 6,402 6 0.1 5.85 5.26 5.84 5.26
Norway 3,328 1 0.0 7.34 0 7.27 0
Spain 2,543 83 33 5.15 9.75 5.15 9.75
China 1,847 329 17.8 4.52 5.61 451 5.61
All 3,290,388 | 61,285 1.9 11.49 12.70 10.68 12.67
(excluding US) | (1,811,065) | (10,595) | (0.6) 9.27) (7.25) (8.94) (7.26)

Note: Citation frequencies are average of truncation-corrected citations.
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<(Table 3> Measures of Patent Characteristics
Generality Originality

Mean St. Dev. | Median Mean St. Dev. | Median

Corporation | 0.2612 0.3715 0 Corporation| 0.4154 0.3931 0.4762

University | 0.2379 0.3697 University | 0.4535 0.4011 0.5286

Organization| 0.2587 0.3720 0 Organization| 0.4328 0.3920 0.5000

Total 0.2607 0.3711 0 Total 0.4171 0.3932 0.5000
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{Table 4> Regression Results—Generality

) (2)
Corporation -0.0245 (0.0138) -0.0134 (0.0194)
Organization -0.0317* (0.0151) -0.0193 (0.0198)
Chemicals -0.0107 (0.0092) -0.0289 (0.0423)
Computer 0.1006*** (0.0077) 0.1258** (0.0407)
Pharmaceutical -0.0847%** (0.0141) -0.0156 (0.0543)
Electronics 0.0593%** (0.0075) 0.0752 (0.0401)
Machinery 0.0064 (0.0090) 0.0350 (0.0451)
Constant 0.0291% (0.0143) 0.0179 (0.0230)
Sample 41,939 2,035"
Adjusted R’ 0.1988 0.1937
F-statistic 548.7609 26.7178
p-value 0.0000 0.0000

Note: Numbers in parentheses are standard errors,

Fof8HA A A= A]
et % 718} 713 Ale]ell= 53519 é

*p <005 ** p <001, ** p < 0.00l.
Dependent variables are generality measure, estimated by

OLS with dummy variables. Twelve yearly

dummy variables were included, the estimation results of which are not reported here.
1) Random sampling of 2% of corporations and 25% of organization : 773 corporations, 592 universities

and 670 organizations.
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{Table 5> Regression Results—Qrigniality
(1) ()

Corporation -0.0423* (0.0166) -0.0459* (0.0225)
Organization -0.0203 (0.0182) -0.0043 (0.0231)
Chemicals -0.0333** (0.0109) -0.0362 (0.0492)
Computer -0.0584*** (0.0091) -0.0388 (0.0474)
Pharmaceutical -0.1603*** (0.0167) -0.2541%*% (0.0630)
Electronics -0.0221* (0.0089) 0.0126 (0.0465)
Machinery 0.0141 (0.0107) 0.0655 (0.0523)
Constant 0.4386%** (0.0171) 0.4439%%* (0.0272)

Sample 41,678 1,991"

Adjusted R? 0.0066 0.0194

F-statistic 15.5009 3.0745

p-value 0.0000 0.0026

Note: Numbers in parentheses are standard errors, * p < 0.05, ** p < 0.01, *** p < 0.001.

Dependent variables are generality measure, estimated by OLS with dummy variables. Twelve yearly
dummy variables were included, the estimation results of which are not reported here.

1) Random sampling of 2% of corporations and 25% of organization

and 649 organizations.

: 770 corporations, 572 universities
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{Table 6> Descriptive Statistics of Main Variables

Mean St. Dev. Minimum Maximum
Number of Citations 3.17 23.23 0 722
Citations excluding self-citation 2.87 22.04 0 722
Cited patents per cell 31.9 137.0 0 1583.5
Citing patents per cell 21640.7 20624.6 5 80316.9
Year of cited patents 1988.1 6.7 1979 2006
Year of citing patents 1997.3 6.4 1982 2006
Citation frequency (x 10°) 8.24 141.2 0 133333
Citation fr. excl. self-citation (x 106) 5.29 91.1 0 9174.3
Time lag 9.13 6.68 0 27
Weights (yf (gi?tr)) 335.62 846.54 0 11277.49
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{Table 7> Estimation Results: Including Self—citation

[Dependent Variable = Probability of Forward Citation]

@ 2 G)
a | Technology Chemical 1.0082*** (0.2034) 1.1178** (0.3884) 1.1546** (0.4025)
(Other=1) Computer 3.3389%** (0.4591) 1.9566*** (0.5243) 1.9753*** (0.5319)
Pharmaceutical 0.6493** (0.2226) 0.4220 (0.2399) 0.4255 (0.2438)
Electronics 6.3169*** (0.8118) 2.4222%%% (0.6293) 2.4319**%* (0.6358)
Machinery 1.3903*** (0.2224) 1.0751* (0.3584) 1.1041** (0.3689)
Region EU 3.3598 (6.2682)
(Other=1) Japan 12.911 (22.902)
Korea 809.83 (1428.0)
Taiwan 163.74 (289.10)
UsS 8.5760 (15.205)
Institution Corporation 3.1952%** (0.4294) 1.5725*** (0.3006) 1.5544%** (0.2978)
(Other=1) University 1.0840*** (0.2516) 0.8549** (0.2920) 0.8242** (0.2829)
Year of 1985~89 0.7855*** (0.0785) 1.3335%* (0.5624) 1.0394** (0.3300)
Cited Patent 1990~94 0.5288*** (0.0639) 1.5864** (0.7098) 1.0849** (0.3249)
(1979~84=1) 1995~99 0.3838*** (0.0546) 1.5009** (0.7102) 0.8285** (0.2474)
2000~06 0.2924*** (0.0490) 1.4324** (0.7208) 0.6600** (0.2002)
Year of 1987~91 0.1670*** (0.0168) 0.5629 (0.2917)
Citing Patent 1992~96 0.1221*** (0.0147) 0.5244 (0.2866)
(1982~86=1) 1997~01 0.0897*** (0.0128) 0.4369 (0.2485)
2002~06 0.0696*** (0.0117) 0.3356 (0.1995)
B, | Technology Chemical 1.2519*%** (0.1767) 1.2203*** (0.3153) 1.2141%** (0.2741)
(Other=1) Computer 3.1952%** (0.4294) 1.1569*** (0.2339) 1.1452%*%* (0.2020)
Pharmaceutical 0.9750*** (0.2397) 0.5962* (0.3292) 0.6593* (0.2915)
Electronics 1.6796*** (0.1540) 1.2621%%* (0.2466) 1.2362*%** (0.2108)
Machinery 1.0135%** (0.1144) 1.0569*** (0.2670) 1.0680%** (0.2342)
Region EU 1.1347 (2.5019)
(Other=1) Japan 1.6301 (3.4316)
Korea 4.3505 (9.1243)
Taiwan 3.1879 (6.6882)
us 1.2152 (2.5596)
Institution Corporation 1.2486*** (0.1172) 1.2064*** (0.1800) 1.1741%*%* (0.1512)
(Other=1) University 0.9112*** (0.1430) 0.8479*** (0.2357) 0.8499*** (0.2034)
B8 0.0583 (0.1225) 0.2100*** (0.0505) 0.2468*** (0.0496)
By 2.56e-07 (4.53e-07) 3.97E-06* (1.84E-06) 3.27e-06* (1.38¢-06)
Sample 21,228 21,228 21,228
Adj R’ 0.9989 0.9986 0.9986

Note: Numbers in parentheses are standard errors, * p < 0.05, ** p < 0.01, *** p < 0.001
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{Table 8> Estimation Results: Excluding Self—citation

[Dependent Variable = Probability of Forward Citation]

(1) 2 3)
o Technology Chemical 0.9194*** (0.1767) 0.9741*** (0.2975) 0.9715** (0.2983)
(Other=1) Computer 1.6900%** (0.2470) 2.2073*** (0.5056) 2.1991*%* (0.5054)
Pharmaceutical 0.3528* (0.1725) 0.4690* (0.2202) 0.4577* (0.2173)
Electronics 2.1823*** (0.2939) 2.6807*** (0.5950) 2.6418*** (0.5892)
Machinery 0.5893*** (0.1225) 0.8950*** (0.2656) 0.9138*** (0.2726)
Region EU 3.9989 (4.0199)
(Other=1) Japan 13.648 (13.044)
Korea 74.434 (70.732)
Taiwan 87.705 (83.414)
us 8.5499 (8.1656)
Institution Corporation 1.8108*** (0.2248) 1.4106*** (0.2183) 1.4047*** (0.2192)
(Other=1) University 1.3973*** (0.2548) 1.1758*** (0.2983) 1.1283*** (0.2885)
Year of 1985~89 1.4831*%** (0.3960) 1.1653** (0.4078) 1.1878** (0.3865)
Cited Patent 1990~94 1.5345%** (0.4248) 1.4863* (0.5427) 1.3846** (0.4291)
(1979~84=1) 1995~99 1.2830*** (0.3733) 1.4839** (0.5763) 1.1236** (0.3478)
2000~06 0.9991** (0.3091) 1.4162** (0.5879) 0.9012** (0.2827)
Year of 1987~91 1.5261 (1.3107) 1.1522 (0.9637)
Citing Patent 1992~96 1.5037 (1.2975) 1.2326 (1.0419)
(1982~86=1) 1997~01 1.0989 (0.9533) 1.0451 (0.8945)
2002~06 0.7329 (0.6402) 0.7964 (0.6919)
B, Technology Chemical 1.1228*** (0.1487) 1.1949*** (0.3019) 1.1619%** (0.2514)
(Other=1) Computer 1.2191%** (0.1233) 1.3384*** (0.2584) 1.2821%%* (0.2095)
Pharmaceutical 0.9139** (0.3304) 0.6125* (0.3261) 0.6585* (0.2764)
Electronics 1.1134%** (0.1038) 1.4353*** (0.2685) 1.3569*** (0.2147)
Machinery 0.8369*** (0.1268) 0.9715%** (0.2511) 0.9980*** (0.2162)
Region EU 1.3367 (1.2910)
(Other=1) Japan 1.7470 (1.6232)
Korea 2.1207 (1.9637)
Taiwan 2.7105 (2.5112)
us 1.2754 (1.1854)
Institution Corporation 1.1781*** (0.1062) 1.2053*** (0.1577) 1.1753*** (0.1319)
(Other=1) University 0.9659*** (0.1276) 1.0120*** (0.2180) 0.9832*** (0.1842)
B 0.1153 (0.1078) 0.1575*** (0.0357) 0.1929*** (0.0352)
By 8.62e-08 (1.09¢-07) 1.14e-06 (9.22¢-07) 1.63e-06* (6.50e-07)
Sample 21,228 21,228 21,228
Adj R? 0.9987 0.9986 0.9986

Note: Numbers in parentheses are standard errors, * p < 0.05, ** p < 0.01, *** p < 0.001
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citation frequency (x e-06)

citation frequency (x e-06)

[Figure 5—a] Simulated Citation Function : Including Self—citation
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