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1. Introduction



1. Introduction

Rapid Accumulation of Technological Capabilities of Korea
since the mid 80s

* U.S. patents granted to Koreans rose from 14 in 1982 to 3,562 in 1999
 The share of Koreans in U.S. patents granted rose from 0.01% to 2.32%
over the same period (USPTO, 2009).
« By 1999, Korea ranked seventh in terms of U.S. patents granted,
behind the U.S., Japan, Germany, France, Taiwan, and the U.K.

: Dynamic perspective
What drove such a rapid ﬁf IPR pproterétion
upgrade
or development of \ > .
technological capability in .5
Korea?

Utility models ~
\ / (or petit patents)
4




1. Introduction

Dyn\amic Perspective of IPR Protection

Later stage of




. Introduction: Previous Literature

Current academic and policy debates have mostly focused on the effects of
strong IPRs, particularly patent protection, on innovation and economic growth.

— Raising developing country standards to developed country levels
— Restricting imitation, piracy and infringement in developing country.

Differential effects on countries at different stages of economic development
— Eicher and Penalosa (2008), Grossman and Lai (2004), Falvey et al. (2006)

However, less attention has been given to the effects of intermediate levels or
alternative form of IPRs, such as utility models.
— Anecdotal evidence on utility model such as Kumar (2002), The World Bank (2002),

and time-series analysis of utility models’ impacts on Japanese TFP (Maskus and
McDaniel, 1999)



1. Introduction: Research Agenda

(1) It empirically analyzes how patent right protection in Korea has affected
Innovation, addressing the varying role of patent right protection by
stage of economic development;

(2) It empirically analyzes how the utility models in Korea have affected
innovation/firm growth at the stage of imitation or innovation; and

(3) Both time-series and firm-level panel data of South Korea




2. IPR Protection and Innovation in Korea



2.1. IPR system in Korea:
Patent Rights Index of Korea

Appendix: Patent Bizhis Index (1961-2002)
[ 51 6] & ] &3] &3] e8] & ] &[] s8] ] 1] 7] =] 2] =] 8] 7] 78]

1) Coveraze
Parentahility of pharmaceuticals
Patentahilicy of chemicals
Parentabilicy of food
Pateniability of planet and animal |

waTietes B ) B ! ! ! B )
Parentahility of surgical producrs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of microorzanisms 1
Patentability of utility modals 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Patentability of sofiware

025 02F | Q25 | 025) 023 ) 025 | 023 | 038 | 038 ) 038 | 038 | O3B | D36 | 038 | 03E) 030

Q23| 023 | 023 | 0

(]
Ly
=
(=]
A

1) Membership in infemarional Teates
Paris comvention and revisions 1 1
Fateni cooperadon ireaty
Profeciion of new vanstes
TRIPS

Budapest Treary

000 | 000 | 00CG | 000 | 000 | COOD( GGD | OO0 | OO0 )| 000 | 0O0G | 000 D00 | GO | OO0 | Q00 | OO0 | 000 | D00 | 020)] Q20
3) Lozs of protection measures against losses
Working reguosmenis
Compulsery licensing 0.3 03 03 03 03 0.3 0.5 0.3 (H] 03 03 03 0.3 0.5 0.3 03 0.3
Pevocation of patents

000 | 000 | 000 | 000 | 017 | GLT7 | ®IT ) Q07 | @I7 ) Q17| 017 )] 017 | 017 | @17 )| 017 | Q7 | 017 | 17| 017 | Bl7 | ol7

4} Enforcement

Preliminary mjume ions 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Conmbutory infringement 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Burden-of-proof reversal 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1

5) Craration
Gramt-based stapdard QFL (@71 | 071 | 071 | 7L | 071 @71 | @71 | @71 | @71 | 7L | 071 | 7L | @70 | @71 | @70 | @71 | 071 | 071 | 7| 07
App-based sandard

Patent Rights Index 166 | 1046 1.05 [ 1.9

[ =]
=
[

=
et
[
(o8]
—
[
[ o5
—
(=]
[
ot
(=]
[
—
(o8]
(=]
=
b3
[ =]
et
(o8]
[
(=]
LA
[ o5
| o=
LA
[ o5
-
i
(o8]
| o=
(¥}
[
[
LA
[
[
L
(=]
[
Ln
(=]
.
[
[ o5
n
==




2.1. IPR system in Korea:
Patent Rights Index of Korea (Cont’d)

Appendix: Patent Fighis Index (1961-2002) (Conimed)
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2.1. IPR system in Korea:
Patent Rights Index of Korea

Figure 1: Patent Rights Index in Korea (1961-2002)
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2.1. IPR system in Korea:
Evolution of Korean IPR system

Tear Swience and technology related facts

1208 The Or=t national laws on the profecrion of patent. desien and oademark proomilzated (Japan infloence])

121a Tapanesz= [P law imposed afier Japanese occupaiion

19<5 Afier the hberation, the first modern-typs indusimial law promulsated (7% miluens e first-to-invent principle, plant and
subsfance patents, 17-year term of patent profection

1820 Established Patent Burs=an as an extended bureau of the Mindsiry of Commerce and Incdhesooy

1251 The first revision to the Patent law., the Tiblicy MModel
Law. the Cesien lawr, and the Unfadr Competidon Prevendon Law, 12-3ear team of patent protsciion

1853 EFevision of the Trademark Taw

19655 Establishment of the Forea In=stinge of Scence and Techooloey

1957 Establishmment of the Bursan of Scaence and Technalogy, the Science and Tecbnalogy Promodion Las enached

1972 The Techpodoesy Development Promotion &ct enacted

1973 Eaorea Patent Association (FEPA) established

1974 The reary oo IF nights between fapan and Eorea

1977 Established Forea Industrial Property OffoeFL TP

1972 The mreary oo IF nights betwean 175 and Eorea

1979 Tomead TWorld Intellecnal Property Crpanrration CWATTEHCE)

1980 Toinsd Pans Consvention

19E2 Establishment of the Spacial Natsonal F&T PFroeram . FLOET o GDP rabo excesded | percent

19E4 Tomead Patent Cooperation Treary (P T )L shift of technolosy impont system from approval system o Iep-ahngE sysiem

19ES The invention of pharmacewticals, method of prodocingy pharmmacewticals, substance, and =sabstancs-use became
patentabls. | 5—vear term of patent protecton

19E7 Samaums ws. Tewas Insouments legal case

1902 L&D o GDP ratdo excesded 2 percent

19404 Eaorea Invention Fromotion Association (FETPA) founded under the provision of the Invention Promotmon Act

1905 Eaorea Indusmial Froperty Fighis Informaton Ceoter established.
In compliance with THIPs,_ the scope of patentable subjects enlarped and the patent term exdended o 20 vears.

190a Faorea Industmial Froperty Busmess Armman gement Center established

12907 Intellectual Property Fighrs Fesearch Center established

190% Partent Caoeart opensed . Korean Imdustrial Property Offhce (EIMY) es@blizshed an on-line application system called
EIPCTnoet, ntroduocton of the Cuoick Fegsisoaton System (FS) for whilnty models. Joined Strashbourg Asvesment
concemms the [T and Nice Apreement Concermimg the Intemmatiomal Classification of Goods and Services for the
Puapeos=s of the FeFpistration of harks

2000 The Technology Transfer Promotion law emacts=d

0 Tomed Trademark Law Treaty and Infematonal Convention for the Protecton of MNew Vanedes of Flanrs

2003 Tomed Prowcol Felating to the Madrd Apresement Concerming the Intermational Fegistration of bdarks

= Toine=d WP Copymight Treaty

2005 JFE.S abolished and oansformed to the after-registration sysbemm

200E EIPC immodoced Customser-tailored three-track T adomini stradson

Soarce: Lea ef al. (2003 and Korea Imntellechaal Property Offfce (KIFD) website (www kipo . zo kr'en)



2.2. Utility model system in Korea:

Utility models vs. Patents

Utility Models

Second-tier protection for minor inventions;
The inventive step required is small; a
practical or functional

advantage over existing prior art

Processes or methods of
production are typically excluded

Typically 6 — 10 years duration of protection

Less expensive to apply for and
do not require substantive examination

Patents

Granted for inventions that are novel, non-
obvious, and have industrial applicability

Cover products and processes

20 years duration from the date of application

Undergo substantive examination, and are
costly to obtain (filing fees, search
and examination fees, attorney costs, and
translation fees, where applicable)
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2.2. Utility model system in Korea:
Utility model and patent applications of Korean firms

 Due to its limited technological capability before the mid-1980s, it depended heavi
on reverse engineering, imports of equipment and technology, and imitation in order to
fulfill its technological needs (Lee et al. (2003)).

« A much large number of utility models than invention patents during the 1960s and
1970s. Since the mid-80s, the ratio of utility models to patent applications has fallen
significantly and both were roughly in parity in 1993.

Patent and Utility Model Applications of

Korean Firms

50000 2
40000 5
30000
- 4
20000 =
10000 = 2
0 — -0
COG‘:C)HNM%LF)(DHOOG‘JOHNM#LD
~ ™ ©) ©) <o) <O [= o I o o R = o I = o I = o N o T = TR & 2 T = 3 T = T ) 1
oy Oy Oy Oy O Oy O O O O O O O O O O O O
- 1 =< 1 -1 1 -1 1 -1 -1 1 -1 1 A 1 " =

BN patent [A] BN Utility models [B] Ratio [B]/ [A] 14




2

RED/GDP (%)

.3. Growth of Technological Capabilities in Korea:
The Mid-80s as a Turning Point for Korea

* By the early ‘80s, the share of public R&D = that of private R&D = about 50%. .
»  The share of private R&D accounted for more than 70% of the total R&D in Korea since the

mid-1980s

*  The accumulated number of accumulated corporate R&D centers: 3 (1967)->14 (1976) -

261 (1986) - 1162 (1992)
Composition of R&D Expenditure in Korea
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3. Hypothesis and Empirical Results
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3.1. Patent Protection and Innovation

3.1.1. Time-series Analysis

Hypothesis I: In Korea, patent protection has been positively associated with
innovation only after Korea acquired greater technological capabilities

Time Senes Model Specification

(1) A(log of no. of patent apphcation), = o, + o, (A(log of RD), + o, (A(log of GDFP),
+ &, - IPR dummy2, + , - IPR dummy3,
+---+a, - IPR dummy6_+ e,

(2) A(log of no. of patent application), = cr, + o, (A(log of RDN, + o, (Alog of GDP),
+ a, - High IPR Dummy, + €,

DATA
Yearly data from 1965 to 2001
Source:
Korea Institute of Patent Information and the Bank of Korea
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3.1. Patent Protection and Innovation:
Time-series Analysis

Table 3: Impacts of Patent Rights Index on the Changes in Patent Applications: Time Series

Dependent Vanable: Aflog of no. of patent application)

M @
Aflog of BRI 494 (1.93)=* 05432 (2.26)==
MAflog of GDFP) 1034 {1.13) 0216 {0 38)
IPE dumroy 2 (1973-1975%) 00093 (-89
IPE dummoy 3 {1%80-1985) 0,076 (072X
IPE dummoy 4 { 1%56-1985) 0.209 (I1.51)=+
IPE dummyy 5 {1990-1994% 0141 (1.T8)*
IPE dummoy & {1995-20017% 0.241 {1.59)
High IFE dummy (1986-2001) 013X (I.22)*=
Constant -0L2TL (-1.37) 0,10 -1.05%%
Adjusted R* 0184 0.224
F vralue 2194 4.562
Obzervations 3G 35

MMote: White-Sandwich standard eryors are used.

Result:

Positive influence of IPR on the technology changes
began to be positively significant since 1986

18



3.1. Patent Protection and Innovation

3.1.2. Firm Level Analysis

Hypothesis [ (Fim-level Panel Analvsis)
[ ¥y = ¥, log of R& D expenditure, |+ »,| log of patent nghts index__ |

(3} (No. of patent, \=exp | +y, firm age +y, firm size +y, | log of patent rights index _ }*time trend |
| +F, fime trend +y, industry dummies,

where 1 = firm_ j=industry, t=penod

Knowledge Production Function augmented with IPR index

DATA
Firm-level panel data from 1970 to 1995
Source:
Korea Intellectual Property Rights Information System (KIPRIS),
Lee et al. (2007, 2008)
Estimation Method:
Negative Binomial Model 19



3.1. Patent Protection and Innovation

3.1.2. Firm Level Analysis

Table 4: Hypothesis I Felattionship betwreen Innovation and TPE

DCrependent Wariabls: Mo, of Patent A pplication by Firms

(1] Poweled (2) Poolad I3 EE 4 EE
Loz of BL&ED expendinumrs, [T T O TS e+= O] 5+=* (O T
[(B.327) 7.5 {B_120) (E.XBX)
Log of patent rights index, | o -B 317" -1.925 —5_SEQ**
-0.0871) {-1.824 [-0.542) {-2_0500
Time™ (Log of patent rishis imdex], . R i | 7 it
(2. ZB3) (2. EBiS)
Time 1 25=* 0207 1. 55]%=" 0320
(2517 {—0.5017 3 512) 0. S0T)
Fiom ags, -0 DAL ARG —O D=5 0 D04 TT
-2 493 {-2.85020 (-1.01=) {-1.0517
(Log of employses], L. LEQ*** 1. 18+ 0 TS O_ T2
21 000 (21 020) {15 D500 (1 04D
Constant -15 D= 5. 724 -10 5g=e= S OBL**
-7 793 {-1.7677 (-S5.G25) (-2 0200
Indusiry doammay ez TYes Xe=s TYes
Observations 4514 4514 451485 4514
Loz likslihaood -2BE3 74 2872 48 2204 19 —-280:0.01
Wald chi2 4045 5B 39013 1452 238 1548 5867
Probo-chiX 000 [ e [y ] O D00
FMumsber of Brms 23 2003 2093 2003

Ion=: All dam are Sve-year averaged *** p=o0_ 01, == p=00.05, * p=0_ 1, t-statistcs are in parentheses; 21 indostry

dunmmies are inchaded, White-Sandwich standard errors are nsed for pooled regression

Results:

In (3), patent rights index is found to be negative but insignificant.
In (4), the interaction term with time trend is found to be significantly positive.

Finding I:
Strong conventional patent protection induces more patent generation2o
at a later stage of development only in Korea.




3.2. Utility Model and Innovation/ Firm Performance

« 3.2.1. Utility Models leading to Regular Patents

« Evenson and Westphal(1995): Utility model system is an institutions to protect
incremental innovative activities rather than radical innovation

« Kumar (2002), Suthersanen (2006): imitative innovation protected by utility models
can be a stepping stone to building the capability to generate future patent inventions.

Hypothesis 1. Experience with producing minor inventions is an important
determinant of a firm’s technological capability to produce inventive innovations.

| Ay + A (log of R& D expenditure, |+ A, (utility model,_,
(4) (No.of patent |=exp| +/; (uwiility model _, |*time trend +, firm age_+A, firm size
| +g fime trend, +/; industry dummies

where 1 =firm, ) = mndustry, t = penod
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3.2. Utility Model and Innovation/ Firm Performance

3.2.1. Utility Models leading to Regular Patents

Table 5: Impact of UTtility MModels on New Enowledge Generation
wariabls: Mo of patent applicadbomn

{10 Powled 2 Po=-pled {3} BE =) EE
[Loag of B& T expenditore], OIS0+ D 150%=* D IOFs=" O _105+=*
(11. 030 (105300 (L 2000 {10.2100)
Firm age LUK el R O _DHFe T 0 DD 1ot O.EISE
(1.157) 1 C54) {0215 e L=ty
Firm size dummayy ) S0-3 00 employees) -0 1Z 0 201 215 [ - ]
0 B59) (0 B0 (D BES) (43
Firm size dhammmoy [ 3060- 1 000 emaployess’) D G2y 1. 155%=" (I O O -
[2.895) e L RES] {3 5400 (3 E5TH
Firm size dommny-{mors than employess]) Z.G5TE" 3 3T5w=" X 0T 2 3aqw="
[E 2S3] . T {7938 (B 43
Timm= L= 1. 384%=* e . Bt L. 327+
(125200 {11.950) (216700 {1&5.7EO)
(halhdy meoded);. IL.OFg+++ J asee LB ol e B I -
[F271) [5-323) (4 90E) [3 365
(ThalEfy model), . * e S 5FTeE= D 20T+
-3 85412) 2. 1145)
Constand -T BOOQwe= 10 ja=es -T.ITEee= B 33w
{-11.55) -1 .2:5) -2.07en -2 254
D eaervadons BE3T2 EET2 T2 BT
Log Ikelihoaosd -3B35 B3 -3087 09 2048 04 2045 857
probchil [ R 0 00D 0.0
TRrald chi 1572 854 A4IBQ G555 15135 597 1492 250
Number of firms 203 23 20935 20935

Ilon=: Aldl dafa are Sve-year sveraged = ** o0 01, == =0 05, * p=0. 1, t-s@Enstcs are in parentheces; 71 indostry
dhanmmmies are e haded; White-Sandwvich standard erpors are ns=d for pooled regression

Finding I1l:
Utility models have a positive impact on patent generation,

but their impact decreases with the eventual enhancement of technological capabilities
22




3.2.Utility Model and Innovation/ Firm Performance

3.2.2. The Impact of Utility Model on Firm Performance

« Patents help a firm achieve sufficient returns on its investment through commercialization
(Geroski et al, 1993; Geroski and Machin, 1993; Granstrand, 1999)

» Technologically lagged firms are limited in achieving sufficient returns due to inability to
prevent other firms from copying the technology, high cost of or limited access to capital or
related technology , challenges of putting a product into production in tie and the high cost of
marketing, etc. (Lee et al, 2003)

Hypothesis 111

Firm growth is positively associated with the minor inventive activity, particularly
if a firm is technologically lagging.

| &+ & (log of R & D intensity, ., |+ & (wfility mod el )
+.5 = [ . 3 o -+ = - -
(4) ( Sales Growth, )= &, [ wfility mood el, ) *fime frend,+ 5, (log of mmwvestoeent, )
+&, (log of firm age, )+F (log of employees, )+ S fime frend,
| +& indusiry dummies | + 5, + b,

where 1 = fitn, j = industry, t = pernod

23



3.2.Utility Model and Innovation/ Firm Performance

3.2.2. The Impact of Utility Model on Firm Performance

Table &: Hypothesis IIL: Tmpacts of TTality Models on the Sales Growth of Firms

Drependent Wanakle: Five-yvesr average sales srowih rats

1y OLS 2 OLS (3} Fixed Effect {4} Fixed Effect
Loz of FLAD infensity k. Oo7iE =" DosIE*=* T a3a5+=+ T O3567=+
5000 (5009 (2BS0) (2054
(Log of Invesoment), [ R i L R L (132"
(E_22E) (E.224) {3.B20) (3_B08)
Tttty mo-del 0.0127 0205 00172 0.47E"
(0411} (0 _B5E) (-0.345) (1.918)
Ttility model = time -0UD424 0 114+
=0 B 14 (-2.028)
(Log of frm age), 0.3 T LR T -0 53 eee
[-T 6500 (-T.657) —3.270) (-3.82
(Log of employees), O.0TET*=* 0.0TE2*=+ D355+ D361+
(5.434) (5.442) (6. 1600 (5.275)
Tirne -0.0108 0.0132 00825 00563
(-0_390) 0321} (-0.1517 (0.B93)
Constaot 1. 2T5ees 1.172= 0500 0157
(5_2840) (4 B39 {1.173) 03600
Observations 1558 1558 1568 1558
F-squared .32 032 0215 022
F-zmat 18 17.5 217.81 2455
Prob .00 000 0.0 0.0
Mumber of Srms 1051 1051 1051 1051

Idot=: All dats sare Ove—year averaged *** p-0.01, ** p-0l 05, * p=0_1, t-stabdsiics are in parentheses; 21 indmstzy
dunmmies are mwchided, invrestment rates are Iwvestment rafio b assets, White-Sandwich standard errors are nsed.

Finding I11:

Firms with utility models are associated with better performance during the
early stage of economic development, while such impact decreases over time.

24



4. Concluding Remarks
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4. Concluding Remarks

Given Korea’s experience, the design and strength of IPR systems should be tailored to
the level of the local technological capabilities of a country to provide appropriate
incentives for incremental or adaptive innovation.

In particular, utility model systems, a second-tier IPR, is the right device for developing
countries to encourage incremental innovation, which may be more suitable for local
needs and be a stepping stone for further technological progress.

Only after technological capabilities have reached a certain threshold level would the
policy to strengthen patent rights protection to induce more R&D investment become
more valid and effective.
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« Thank You
¢« Q&A
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1. Introduction

While the rapid economic growth of Korea has often been associated with the role of the
government, another stream of research has focused on the role of upgrading technological
capability in the course of economic development (L. Kim 1997). After the 1980s, Korea
became one of the world’s leading patenting nations. The U.S. patents owned by the Koreans
rose from 14 in 1982 to 3,562 in 1999, and the share of the Koreans in U.S. patents rose from
0.01% to 2.32% over the same period (United States Patent and Trademark office (USPTO),
2009). In 1999, Korea ranked seventh in terms of patents granted in the U.S. behind the U.S.,
Japan, Germany, France, Taiwan, and the U.K. What drove such a rapid upgrade or
development of technological capability in Korea? This paper aims to address this issue by
investigating the role of industrial property rights. While the World Intellectual Property
Organization (WIPO) report by Lee at al. (2003) pursued a similar issue through a survey and
qualitative analysis using descriptive data, this paper will conduct an econometric analysis

using both time series and firm-level data.

This paper analyzes the role of intellectual property rights (IPRs) from two different
perspectives. First, we take a dynamic perspective to analyze the changing role of the IPRs
over the course of economic growth. At an earlier stage in economic growth, catch-up
economies tend to pursue an imitation-oriented technology strategy and are passive in
protecting IP or negligent in utilizing IP as a tool for their catch-up strategy. However, as
their technological capabilities grow in later stages, they feel an increasing need to use the IP
system as a tool for this strategy. With this in mind, we will use both time series and panel
data, and the index of the patent rights to analyze the dynamic role of patent rights in
technological development.

Second, we will examine the role of utility models (or petit patents) in the technological
development of Korea, as utility models might be important in the early days of its
development. Due to the lack of local technological capability before the 1980s, Korea
depended heavily on reverse engineering and importing equipment and machinery from
foreign countries (Lee et al. 2003). Thus, minor inventions that modify imported products
were qualified for utility model protection, not conventional patents. The number of utility
model applications was greater than that of the traditional invention patents up until the late

1980s (Lee et al. 2003, Lee and Kim 2010). Korean inventors were very active in filing utility
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model protection. Thus, the role of utility models as a stepping stone to real innovations over
the course of Korea’s catch-up process is worthy of being analyzed. Nevertheless, few
addressed the role of the utility models in Korea’s economic growth and firm performance,
with a possible exception of Kim et al. (2009). This study aims to contribute to bringing out
the important role of the utility model system in Korea’s technological progress by analyzing
extensive firm-level data covering 1970 to 1995.

In sum, this paper focuses on two issues. First, it empirically analyzes how IPR
protection in Korea has affected innovation, addressing the varying role of IPR protection by
stage of economic development. For the analysis, both time series analysis using aggregate
data and firm-level panel data from 1970 to 1995 are to be used. Second, it empirically
analyzes how the utility models in Korea have affected innovation/firm growth at the stage of

imitation or innovation.

2. IPR Protection and Innovation in Korea

Can strong IPR protection generally stimulate more innovations regardless of the
stages of economic development? Current academic and policy debates have focused on the
effects of strong IPR protection in general, on raising developing country standards to
developed country levels, and on restricting imitation, piracy, and infringement in developing
countries. However, the possibility that stronger and different types of IPRs could have
differential effects on countries at different stages of economic development has been
acknowledged in the literature. There are theoretical models that explicitly consider the stage
of economic development in determining the effect of stronger IPRs. For example, Eicher
and Penalosa (2008) develop a theoretical model in which the size of the market must reach a
certain minimum level for stronger IPRs to stimulate innovation and economic growth. The
idea is that the value of innovation should be sufficiently high to make it economically
worthwhile to create and invest in IPR institutions. Alternatively, it is possible for IPR to
have a negative effect on innovation for a country below critical market size. Grossman and
Lai (2004) show that the optimal level of IPR depends on an economy’s market size and
innovative capacity. The smaller the size of the market and the weaker the innovative
capacity is, the lower the optimal strength of IPRs should be. The intuition is that the
deadweight losses of IPR are greater if innovative capacity is too weak to compensate.

Furthermore, the marginal benefits of stronger IPRs are greater if market size is greater. As
3



developing countries have both smaller markets and lower innovative capacity, the balancing
of marginal costs and marginal benefits of IPR occurs at a lower level of IPRs than that in the
North. Hence, obliging the South to adopt Northern standards of IPR would entail Southern
economies to have a level of intellectual property protection that exceeds their optimal level.
Southern innovation can therefore be adversely affected in developing countries if their IPRs
are raised above a level suitable for their environment of adaptive, incremental R&D and

smaller market size.

There is empirical evidence on the differential impact of IPR on both economic
growth and innovation at different income levels. Falvey et al. (2006) use threshold
regression analysis on a panel data of 79 countries from 1975-1995. Controlling for country
and time effects, they find that the response of economic growth to IPR varies at different
threshold levels of income. Empirical evidence on the effects of utility models on innovation
and growth is based largely on anecdotal evidence. Kumar (2002) argues that in East Asia,
utility models help initiate a culture of patenting and innovation, and that in contrast, India
does not provide utility model protection. Kumar (2002) also suggests that this may have
adversely affected local engineering industries. The World Bank (2002) documents case
studies in the farm machinery sector in Brazil and the rice sector in the Philippines where
utility models allow domestic producers to adapt foreign innovations to local needs and
conditions. Econometric evidence is provided in Maskus and McDaniel (1999), which finds
that such protection on balance has positive impacts on the growth of Japanese total factor
productivity. Some development economists have paid closer attention to the role of utility

models.

In sum, our study extends previous empirical studies in the following ways: (1) we
examine both patents right protection and utility models as potential determinants of
innovation and economic growth; (2) we control for the technological capabilities or
economic development stage of Korea; and (3) we utilize both time-series data and firm-level
panel data in analyzing the impact of patent protection. Previous econometric work has
largely treated the country as the unit of analysis. We begin with a time-series analysis and
then examine the experience of Korean firms to illustrate how patent protection and utility

models affect firm growth or innovation at different phases of technological development.



2.1.IPR System in Korea

While Lee et al. (2003) elaborate on the institutional changes regarding the IPR
regimes in Korea, the study did not try to measure the level of the IPR protection. This paper
creates patent rights index of Korea by adopting the methodology of Ginarte and Park (1997).
For this purpose, we thoroughly reviewed the Korean Patent Laws. The patent rights index
was originally constructed by Ginarte and Park (1997) for 110 countries quinquennially from
1960 to 1990 based on each country’s national patent laws and was recently revised (Park,
2008). Five categories of the patent laws were examined: (1) extent of coverage, (2)
membership in international patent agreements, (3) provisions for loss of protection, (4)
enforcement mechanisms, and (5) duration of protection. A value ranging from 0 to 1 is
scored for each of these categories (per country, per period). The unweighted sum of these
five values constitutes the overall value of the patent rights index. The index, therefore,
ranges in value from 0 to 5. Higher values of the index indicate stronger levels of protection.
Except for the duration category (explained in the following section), each category consists
of several conditions which, if satisfied, indicate a strong level of protection in that category.
Each condition is of a binary character; yes if it is satisfied or no if it is not. For example, if a
country satisfies all three conditions required for strong enforcement, it scores 3 out of 3 and
earns a value of 1 for enforcement; if it satisfies only one condition, it receives a score of 1/3
for enforcement. This way, our research team created a patent rights series shown in Figure 1.

Further details are presented in the Appendix

Figure 1: Patent Rights Index in Korea (1961-2002)
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Figure 1 shows the major changes in Korea’s IP system. As Korea’s IP system was
initially established in the early 1960s by adopting the first-to-file (apply) rule and a 12-year
term of protection and compulsory licensing, it substantially changed in the 1980s by joining
international patent treaties, which is presented as major jumps in Figure 1. For example,
Korea became a member of the WIPO in 1979 and acceded both to the Paris Convention in
1980 and to the Patent Cooperation Treaty in 1984.

Consistent with international standards, the laws extended the patent protection term
from 12 to 15 years. Nevertheless, the IPR system in Korea was relatively weak compared
with other advanced countries until the early 1980s. The average patent rights index of high-
income countries in 1985 was 2.89, which is higher than 2.77 in 1985. However, the revision
of the patent law in 1986 and 1987 introduced the substance patent for pharmaceutical and
chemical materials and product patent protection, and for computer software and materials,
respectively. The term of patent right protection was extended from 12 to 15 years.
Subsequent revisions of the IPR system in 1990, 1993, and 1995 included the patentability of
plant patent (1990 revision), the World Trade Organization/Trade-related Aspects of
Intellectual Property Rights (WTO/TRIPS)-related revision effective January 1995, which
extended the term of patents to 20 years, and the IP Tribunal established in 1998 (1995
revision). This pattern was reversed in the 1990s. In 1990, the average patent rights index of
high-income countries was 3.08, whereas that of Korea was 3.69. Thus, 1986 marks an
important period in Korean patent law history (see Lee and Kim 2010).

2.2.Utility Model System in Korea

Utility models are second-tier protection for minor inventions, such as devices, tools,
and implements, particularly in the mechanical, optical, and electronic fields. Processes or
methods of production are typically excluded (Kim et al. 2009). The duration of protection is
typically 6 to 10 years, and technical details must be disclosed. Utility models are generally
less expensive to apply for and do not require substantive examination. While the inventive
step required is small, the invention typically must exhibit a practical or functional advantage
over existing prior art (Beneito, 2006). For example, utility models are granted to devices
embodying a creative idea applicable to the shape, structure, or other technological aspects of
a product. In sum, utility models and patents differ in that they protect different types of

innovations. In other words, patents protect innovations with relatively high inventiveness,
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while utility models protect innovations with relatively low inventiveness. Thus, utility model
protection is easier to acquire, particularly for smaller inventors. The standard of
inventiveness can vary within and between countries.

Korea is among the developing countries where utility models have been intensively
exploited. As the technological capabilities of Korean firms lagged during the 1960s and
1970s, and as firms did not possess the resources to conduct highly innovative R&D, firms
relied heavily on imported technologies and on reverse engineering, adapting them for local
needs (L. Kim, 1997, Lee et al. 2003). In Korea, the strength of utility model protection has
changed; for example, the duration of protection has changed from 12 years to 15 years, and
then to 10 years from the date of application since 1998. Furthermore, Korea does not allow
for the renewal of utility model protection, whereas Thailand does for up to four years (i.e.,

two renewals for a period of two years each).

The law of utility models of Korea was enacted in 1961 and has been revised several
times. Initially, utility models were subject to substantive examination, and converted
application was allowed. However, to facilitate the application process for utility models,
Korea Intellectual Property Office (KIPO) adopted its “Quick Registration System (QRS)” in
1999. Under this system, utility models could be registered promptly after filling out a check-
on form and submitting the basic requirements, but it did not conduct substantive
examination. Substantive examinations were made only if there was an infringement in utility
model rights. This system was adopted because protection was required earlier than for utility
models owing to the shorter life cycle of products that incorporated them. Under this system,
dual application instead of converted application was adopted. However, this QRS was
abandoned in 2006 due to the surge in unqualified utility models. Consequently, the
substantive examination was reintroduced. Again, the converted application was reintroduced.
For filings after July 1, 1999 in Korea, the term of protection was 10 years from the date of
filing for utility models, which is shorter than 20 years for patents.

Due to the lagging technological capabilities of Korea in its early developmental stage,
the number of utility model applications exceeded that of the traditional invention patents
until the early 1990s (see Figure 1). In the 1970s and the early 1980s, the ratio of utility
models to patents was nearly two to three. This ratio began to decline after 1984 when the
ratio peaked to over six that year. Although the levels of patents and utility models

application were both rising, the mixture began to shift. By 1995, patent applications
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exceeded the number of utility model applications. These trends correspond with the
transformation of Korea from a nation with limited technological resources and capabilities to

one of the leading patenting nations.

Figure 2: Patent and Utility Model Applications of Korean Firms
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Property Rights Information Service) website

3. Growth of Technological Capabilities in Korea

The mid 1980s was a turning point for Korea. It divided the period of Korea’s
economic development into the two eras. Before the mid 1980s, Korea was relatively
resource-poor and technologically lagging behind, whereas beginning the mid 1980s, Korea’s
indigenous R&D capabilities began to grow markedly and began to be technologically
advanced. As evidence, we take large increases of both in-house R&D activities of private
sectors and corporate R&D centers in Korea in the mid 1980s that account for this division.

Korea has built up its technological capabilities since the mid 1980s by emphasizing
in-house R&D in private sectors and increasing aggregate R&D/GDP ratio beyond 1% to
reach 2.5% or higher eventually. Along the path of development, latecomer firms eventually
reached the stage wherein in-house R&D was the main form of technology acquisition. In the

case of Korea, the motivations for transition from licensed technology to in-house R&D were
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three-fold (Organisation for Economic Co-operation and Development [OECD] 1996, pp.91-
92). First, foreign firms became more reluctant to provide core technology. Second, after the
early 1980s, Korea lost its comparative advantages associated with cheap and skilled labor.
As a result, Korean firms recognized the need to develop their own technological capabilities.
Third, government policy also changed to support private R&D. For example, the Korean
government enacted the Technology Development Promotion Act in 1972. The share of R&D
in sales in private firms was around 0.5% in 1982, and it soon reached 1% by the mid-1980s
and surpassed 2% by the early 1990s (OECD, 1996). While incomparable to the public R&D
in the 1970s, the size of R&D soon matched the size of public R&D by the mid-1980s, and it
accounted for more than 80% of the total R&D in Korea since the early 1990s, as shown in
Table 1.

Table 1: Composition of R&D Expenditure in Korea

Total Government Sector Non-government/Private Sector
vear Amount Percent Amount Percent Share (%) | Amount Percent Share
change change change (%)
1978 1,836 1,056 57.52 780 42.48
1979 2,986 62.6 2,194 107.8 73.48 792 15 26.52
1980 2,825 54 1,800 -18.0 63.72 1,025 29.4 36.28
1981 3,668 29.8 2,016 12.0 54.96 1,652 61.2 45.04
1982 5,331 453 2,643 31.1 49.58 2,688 62.7 50.42
1983 6,822 28.0 2,312 -12.5 33.89 4,510 67.8 66.11
1984 9,072 33.0 2,515 8.8 27.72 6,557 454 72.28
1985 12,371 36.4 3,068 22.0 24.8 9,303 419 75.2
1986 16,069 29.9 3,743 22.0 23.29 12,326 325 76.71
1987 19,852 235 4,902 31.0 24.69 14,950 21.3 75.31
1988 24,542 23.6 5,230 6.7 21.31 19,312 29.2 78.69
1989 28,173 14.8 5,750 9.9 20.41 22,423 16.1 79.59
1990 33,499 18.9 6,510 13.2 19.43 26,989 20.4 80.57
1991 41,584 24.1 8,158 25.3 19.62 33,426 23.9 80.38
1992 49,890 20.0 8,785 7.7 17.61 41,105 23.0 82.39
1993 61,530 23.3 10,390 18.3 16.89 51,140 24.4 83.11
1994 78,947 28.3 12,602 21.3 15.96 66,345 29.7 84.04
1995 94,406 19.6 17,809 41.3 18.86 76,597 155 81.14
1996 108,780 15.2 24,113 354 22.17 84,667 10.5 77.83
1997 121,858 12.0 28,625 18.7 23.49 93,233 10.1 76.51

Source: Science and Technology Annual 1999 available at the Korea Industrial Technology Association Web
page (www.koita.or.kr) Unit 100Million Korean Won, Foreign sector is not included.

The number of corporate R&D centers in Korea also began to increase substantially

after the mid-1980s. Since large Korean firms opened R&D laboratories in major industries
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in the late 1960s (Amsden, 1989), the number of corporate centers rose from three in 1967, to
14 in 1976 (Amsden, 1989). As shown in Table 2, there were 45 such centers in 1981. By
1986, a mere five years later, the number increased more than fivefold. In particular, in 1986,
the percentage change of the establishing research institutes abruptly increased by more than
100%, and the number of corporate R&D centers was more than 200 in 1986. It amounted to
more than 500 in 1988 and finally to 1,000 in 1991, as shown in Table 2. The rise in the
number of corporate R&D centers indicates that more Korean firms were able to fund their
own internal R&D activities. The primary purpose of such laboratories originally lay in
facilitating the transfer of designs and production processes from overseas. However, their
roles later began to be more focused on the development of new products (Amsden, 1989).

Table 2: The Establishment of Corporate R&D Centers by Year and Field

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
New establishment 45 26 31 31 39 89 145 146 110 121
Accumulated No. 45 71 102 133 172 261 406 552 662 783
Year 1991 1992 1993 1994 1995 1996 1997 1998 To‘ﬂég)s of
New establishment 179 200 238 263 313 394 556 834 3,760
Accumulated No. 962 1162 1400 1663 1976 2370 2926 3760

Source: Korea Industrial Technology Association available at www.koita.or.kr

Overall, Korea’ indigenous R&D capabilities began to grow markedly since the mid-
1980s; the growth rate of utility model filings began to decline, and the number of patent
applications began to rise. In addition, patent protection began to be relatively strong with
major reforms in patent law since the mid-1980s. Thus, the question is whether all these
events are connected: did patent protection or utility model protection provide incentives to

innovate and help pave the way for increased technological development?
4. Hypothesis and Empirical Results
4.1.Patent Protection and Innovations

Based on the previous discussion, we set up a hypothesis to examine how IPR protection
affected innovation differently across the stages of economic development in Korea. As a
developing country with lower innovative capacity, a relatively lower level of IPR protection
might have been more suitable for incremental or adaptive innovations, as it permitted Korea
to imitate the technologies of advanced countries and could have led to its eventual rapid

progress in technological capabilities. However, once Korea’s technological capacity grew
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further, Korea would need to establish a stronger IP system to protect its innovations. This
hypothesis will be tested in both time series analysis and firm-level panel analysis.

Hypothesis I:

In Korea, patent protection has been positively associated with innovation only after Korea
acquired greater technological capabilities.

For Hypothesis | to test the linkage between IPR and innovation, both time series
analysis and panel data analysis are conducted. The dynamic effect of IPR can be captured by
time-series data, but we reinforce our analysis with firm-level panel analysis, which has many
advantages over time-series analysis. First, panel data can control for individual
heterogeneity. Second, panel data with a large number of data points improves the efficiency
of econometric estimates by increasing the degrees of freedom and reducing the collinearity

among explanatory variables (see Hsiao, 2003).
4.1.1. Time Series Analysis

For the time series analysis, yearly data from 1965 to 2001 were used. Data were
acquired from the Korea Institute of Patent Information and the Bank of Korea. The variables
were first-differenced to resolve the non-stationary problem. The dependent variable is the

growth rate of the total number of patents in Korea (A(log of no. of patent application) ). The

main explanatory variable, patent rights index, is the revision of Choi and Lee (2005), which
reconstructed the patent rights index of Ginarte and Park (1997) as the annual time series data
for Korea. Choi and Lee (2005) was revised following Park (2008)*. To control for other
factors that could influence the growth of patent applications, we included two control
variables such as R&D expenditure (A(log of RD)) and GDP (A(log of GDP) ). The former

is the input of innovation, while the latter is to control for the high propensity of generating
innovations as an economy becomes more advanced and knowledge based. To estimate the
effect of patent rights protection, which can differ period by period, we examined the
regression using IPR dummy variables. Model (1) uses dummy variables dividing the entire
36 years into six sub-periods in which the level of patent rights protection remains constant

throughout a sub-period. Model (2) uses a high-IPR dummy that divides the entire period into

! The main revision involved adding new categories such as patentability of software, TRIPS, and
Budapest Treaty.
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two high/low patent rights protection periods. The threshold year is 1986, which is when
Korea’s technological capacity began to rise. The models are specified as follows.

Time Series Model Specification

(1) A(log of no. of patent application), = o, + ,(A(log of RD), + o, (A(log of GDP),
+a, - IPR dummy2, +¢, - IPR dummys3,
+--+ g - IPR dummy6, +¢,

(2) A(log of no. of patent application), = ¢, +a,(A(log of RD), +a,(A(log of GDP),
+a, - High IPR Dummy, +e,

Model (1) and (2) aims to test whether the impact of patent rights index on the growth
of patent application differs by periods.

The regression results in Table 3 show that the influence of IPR dummy is
insignificant during the early stage of development, while the positive influence of IPR on the
technology changes began to be significant since 1986 in model (1). However, the IPR
dummy 6 is found to be insignificant, which may suggest that too strong protection would
reinforce the patent holder’s monopoly and discourage potential innovators to enter.
Nevertheless, overall, strong patent protection is found to be positively associated with
innovations after Korea began to engage in in-house R&D activities since 1986. Model (2)
supports this hypothesis. It uses a single IPR dummy variable to compare its impact before
and after 1986 (IPR dummy for 1965 to 1986 = 0, IPR dummy for 1986 to 2001 = 1). The
dummy variable has a positive and significant coefficient, indicating that patent rights
protection began to be a critical key determinant of innovations only after 1986 when Korea
began to engage in R&D activities. These results suggest that the policy to strengthen patent
protection is more appropriate for countries that have acquired a certain level of technological
capabilities than those whose technologies are at low levels. Thus, the phase of technological
development needs to be considered in designing patent protection policy.
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Table 3: Impacts of Patent Rights Index on the Changes in Patent Applications: Time Series

Dependent Variable: A(log of no. of patent application)

1) @)
A(log of RD) 0.494 (1.93)* 0.543 (2.26)**
A(log of GDP) 1.034 (1.13) 0.216 (0.38)
IPR dummy 2 (1973-1979) -0.093 (-0.89)
IPR dummy 3 (1980-1985) 0.076 (0.72)
IPR dummy 4 (1986-1989) 0.209 (2.51)**
IPR dummy 5 (1990-1994) 0.141 (1.78)*
IPR dummy 6 (1995-2001) 0.241 (1.59)
High IPR dummy (1986-2001) 0.132 (2.22)**
Constant -0.271 (-1.37) -0.106 (-1.09)
Adjusted R2 0.184 0.224
F value 2.194 4.562
Observations 36 36

Note: White-Sandwich standard errors are used.
4.1.2. Firm-level Panel Analysis

While we analyzed Korea as the unit of analysis in the previous section, the dynamic
perspective of IPR on innovations can also be analyzed by firm-level panel data. Firm-level
panel analysis can provide a better understanding at the micro-level on how Korean firms
changed their innovative activities under the different patent protection regimes. Firm level
data of Korea cover the period of 1970-1995. This specific period in the course of Korea’s
economic development should suffice for our analysis as it covers the transition of Korea

from a low or middle-income country to a high-income, industrialized country.

We compiled a detailed database of firm-level patenting (also utility model data for
the further analysis) and matched that data to standard financial data of the firms. Patent
application and utility model data were downloaded from the Korea Intellectual Property
Rights Information System (KIPRIS), and standard financial data were from Lee et al. (2007,
2008)2. These data are the most extensive firm level data in Korea. From a population of
17,165 firms in the dataset, we identified 3,635 firms. The selection criterion was that a firm

should have applied for at least one utility model or patent. We limited the analysis to this

2 Leeetal. (2007, 2008) constructed their data mainly from the firm-level database of the Korea
Information Service (KIS) as well as other sources.
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subset of the data, as our goal was to understand the impacts of utility models on firm
performance as well as the direct impact of utility models and patent protection on patenting.

To test the impact of patent right protection on innovations, knowledge production
function (e.g., Pakes and Griliches 1980, Hausman, Hall, and Griliches 1984) was augmented
by adding the relevant interested variable of patent rights index. In other words, this
examined the impact of our interested variable, patent rights index, after controlling for the
input of R&D expenditure. We used contemporaneous R&D following the extensive
literature (e.g., Hall et al 1986). Evidence suggests that R&D activities and innovations occur
somewhat simultaneously. Moreover, if a firm attempts to patent an innovation, it files the
application while the innovation is being developed or very shortly afterwards (Hall et al.,
1986). The one-period lagged patent rights index was used to control for potential
endogeneity between IPR protection and innovation. In this specification, we used a negative
binomial model as the number of patents applied by a firm in a particular year was a

nonnegative count variable with a large portion of zeros.

To control business fluctuation, all variables were five-year averaged. For other
control variables, firm size helps control for economies of scale in generating patents due to
the fixed costs of maintaining a legal department that handles intellectual property matters
(Lerner, 1995 and Lanjouw and Lerner, 1996). Firm age helps control for efficiencies due to
entrepreneurs learning their abilities over time (Jovanovic, 1982; Evans, 1987). Further, other
control variables include time trend and industry dummy variables. Time trend controls the
general economic conditions and market environments that can change over time. Further,
firms may vary in their propensities to introduce innovations by industries with different

technology regimes. The model specification is as follows.

Hypothesis | (Firm-level Panel Analysis)
%+ 7:(log of R&D expenditure, )+, ( log of patent rights index_, )
(3) (No.of patent, )=exp| +y, firm age, +y, firm size, +y,( log of patent rights index, , )*time trend
+y, time trend, +y, industry dummies;

where i =firm, j=industry, t = period

Table 4 presents the firm-level results of Hypothesis | regarding the impact of patent

rights index on knowledge generation. Both pooled negative binomial and random effect
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negative binomial methods are adopted. However, the firm-specific random effect negative
binomial model is preferable given that the likelihood ratio test, which compares the panel

estimator with the pooled estimator, is statistically significant (x2(01)=1093.09, p-value=0.00

for model (3) and x2(01)=1091.78, p-value=0.00 for model (4). Thus, the interpretation is
based on model (3) and (4). In (3), R&D expenditure is found to be positively significant,
whereas patent rights index is found to be negative but insignificant. Overall, this indicates
that strong patent rights protection does not spur innovations, but rather higher R&D input

increases the probability of patent generations.

However, the impact of patent rights protection on patent generation could differ as
technological capabilities grow. To capture how the impact of patent rights protection
changes, an interactive term of patent rights index with time trend is included. The result of
model (4) with the interaction term with time trend supports Hypothesis I, as it finds the
interaction term to be significantly positive even after controlling for R&D expenditure. This
supports the proposition that strong IPR is positively associated with patent only after firms
are technologically advanced. We note that larger firms (by size of employment) tend to
produce more patentable innovations, which is a feature of Schumpeterian-type models,
while the age of a firm has an insignificant and negative association with patent generation.

Table 4: Hypothesis I: Relationship between Innovation and IPR

Dependent Variable: No. of Patent Application by Firms

(1) Pooled (2) Pooled (3) RE (4) RE
Log of R&D expenditure, 0.105*** 0.105*** 0.0815*** 0.0830***
(8.327) (7.940) (8.120) (8.282)
Log of patent rights index;_; -0.29 -8.317* -1.985 -6.589**
(-0.0671) (-1.684) (-0.642) (-2.060)
Time* (Loa of patent riahts index):., 1.999*** 1.305***
(2.583) (2.886)
Time 1.246** -0.407 1.551*** 0.329
(2.061) (-0.501) (3.612) (0.607)
Firm age, -0.0117** -0.0124*** -0.0046 -0.00477
(-2.492) (-2.602) (-1.014) (-1.051)
(Log of employees), 1.180*** 1.189*** 0.725%** 0.720%***
(21.000) (21.020) (16.060) (16.040)
Constant -15.06*** -6.724* -10.54*** -5.081**
(-7.793) (-1.767) (-6.625) (-2.090)
Industry dummy Yes Yes Yes Yes
Observations 4516 4516 4516 4516
Log likelihood -2883.74 -2878.48 -2804.19 -2800.01
Wald chi2 4045.586 3901.3 1452.238 1568.567
Prob>chi2 0.000 0.000 0.000 0.000
Number of firms 2093 2093 2093 2093

Note: All data are five-year averaged. *** p<0.01, ** p<0.05, * p<0.1, t-statistics are in parentheses; 21 industry

dummies are included, White-Sandwich standard errors are used for pooled regression
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4.2.Utility Models and Innovations/Firm Performance

As verified in the previous section, a strong patent rights index was not a determinant
in spurring patent applications when Korean technologically lagged behind. Rather, weak
patent protection could have encouraged Korean firms to acquire foreign advanced
technologies. Indeed, some scholars (e.g., Hanson, 2008) pointed out that the Korean
government tried “to minimize patent rights protection to help domestic firms use foreign
intellectual property during its manufacturing ‘imitation’ stage, and laws and regulations
were formulated in such a way to meet minimal international standards.” However, it is hard
to believe that rapid accumulation of technological capability could have been automatically
achieved with minimal patent protection only. For example, in contrast with Korea, India’s
weak patent protection did not spur much economic or technological growth. Thus, it seems
unreasonable to attribute Korea’s rapid success totally to its weak patent rights protection.

Instead, this paper focuses on a second-tier form of intellectual property protection,
that is, utility models as a useful stimulus to a developing country’s technological capacity.
Rather than a traditional patent, the innovations they produce may merit a second-tier IPR.
Thus, the institutions to protect incremental innovative activities rather than radical
innovation would be more effective in encouraging their activities and hence economic
growth. The utility model system is potentially considered such an institution (Evenson and
Westphal, 1995). Kumar (2002) suggests that in Korea’s unprecedented rapid catch-up
experience, imitative innovation protected by utility models can be a stepping stone to
building the capability to generate future patentable inventions. Through adaptation, imitation,
and incremental innovation, firms in developing countries acquire knowledge and enjoy
learning-by-doing (Suthersanen, 2006). While Korea’s patent rights protection deserves
credit for innovations at the later stage of technological development, it was the availability
of utility models that gave incentives to small inventors with fewer resources or limited
technological capabilities. This enabled them to acquire and accumulate knowledge by

learning-by-doing and provided them a stepping stone for further technological progress.

4.2.1. Utility Models Leading to Regular Patents

Thus, we aim to test whether a utility model system can eventually stimulate regular

inventions. This hypothesis is in contrast with the view that underplays the value of
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technological imitation. Rather, imitation and diffusion of technologies must be seen as a
continuation of the innovative process (Silverberg, 1990, p.179). Therefore, to some extent,
creativity is needed to copy technologies developed abroad. Cimoli and Dosi (1995, pp.258-
259) point out that the sequences that run from copy to creativity are two sides of the same
process. Thus, we test the hypothesis that experiences with producing minor inventions (i.e.,
utility models) are an important determinant of a firm’s technological capacity to produce
inventive innovations (i.e., patents). This proposition concerning the learning effect of utility

models is tested using Equation (4).

Hypothesis 11:

Experience with producing minor inventions is an important determinant of a firm’s

technological capability to produce inventive innovations.

2o+ 7 (log of R&D expenditure, )+ 4, (utility model, _,)
(4) (No.of patent,)=exp| +4, (utility model,_, )*time trend, +4, firm age, +4; firm size,
+/4, time trend, +7; industry dummies;
where i =firm, j=industry, t = period
The model for Hypothesis Il includes utility model and R&D expenditure to measure the
amount of available knowledge within the firm. The key variable is the utility model, which
has a binary value. It is equal to 1 if the firm is applied for more than one utility model in a
particular year; otherwise, it is 0. Thus, the utility model variable may have a variation
between 0 and 1 within a firm depending on the year. To test whether knowledge acquired
through past utility models provides a stepping stone for further technological progress, we
include lagged utility models (i.e., one period is equivalent to a five-year lag) in the model.
The logic behind learning-by-doing is that in generating minor improved inventions, firms
acquire knowledge by gaining access to or learning from existing advanced technologies.
However, accumulating knowledge that allows firms to generate future new patentable
inventions is an incremental process and therefore takes some time. For this reason, we
modeled and examined relatively long lag lengths (e.g., five years, i.e., a one period lag
means taking values from five years before). As for the control variables, firm size helps

control for economies of scale in generating due to the fixed costs of maintaining a legal
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department that handles intellectual property matters (Lerner, 1995, Lanjouw and Lerner,
1996).

Table 5: Impact of Utility Models on New Knowledge Generation

Dependent variable: No. of patent application

(1) Pooled (2) Pooled (3) RE (4) RE
(Log of R&D expenditure), 0.150*** 0.150*** 0.107*** 0.105***
(11.130) (10.630) (11.200) (10.810)
Firm age 0.00715 0.00697 0.00194 0.00233
(1.157) (1.054) (0.415) (0.498)
Firm size dummy(50-300 employees) -0.12 0.201 0.215 0.23
(-0.859) (0.840) (0.884) (0.943)
Firm size dummy(300- 1,000 employees) 0.624*** 1.156*** 0.933*** 0.966***
(2.895) (4.038) (3.540) (3.657)
Firm size dummy(more than employees) 2.657*** 3.376%** 2.207*** 2.248%**
(9.963) (9.770) (7.938) (8.043)
Time 0.953*** 1.344%** 1.214%%** 1.327%**
(12.680) (11.950) (21.670) (16.780)
(Utility model).., 1.038*** 3.045%** 0.461*** 1.170%**
(7.971) (5.323) (4.916) (3.365)
(Utility model),* time -0.577*** -0.207**
(-3.642) (-2.116)
Constant -7.809*** -10.19%** -7.775%** -8.332*%**
(-11.55) (-11.26) (-9.079) (-9.256)
Observations 8372 8372 8372 8372
Log likelihood -3835.83 -3097.09 -2948.94 -2946.67
prob>chi2 0.00 0.00 0.00 0.00
Wald chi2 1572.864 4389.655 1613.697 1492.969
Number of firms 2093 2093 2093 2093

Note: All data are five-year averaged. *** p<0.01, ** p<0.05, * p<0.1, t-statistics are in parentheses; 21 industry
dummies are included; White-Sandwich standard errors are used for pooled regression.

Table 5 shows the result of Hypothesis Il in testing whether utility models tend to
stimulate innovative inventions at later stages. As the likelihood ratio test prefers the random
effect negative binomial models to the pooled negative binomial model ((x2(01)=1233.08, p-
value=0.00 for model (3) and x2(01)=1195.25, p-value=0.00 for model (4), the interpretation
will be based on model (3) and model (4). Model (3) in Table 5 indicates that firms with
utility models have higher probability to apply for the new patent even after controlling for
R&D expenditure. Empirically, utility models are found to be beneficial in enhancing their
technological capabilities. That is, new patentable innovations of firms build upon their utility
model knowledge as well as upon more R&D activities. The results support the hypothesis
that through adaptation, imitation, and incremental innovation, firms acquire some learning-
by-doing (Suthersanen, 2006).
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However, the relative importance of utility models is reduced as firms’ technological
capabilities grow to be able to conduct R&D activities targeting higher level of innovation.
Model (4) tests whether such impacts on the flow of new patents differ as firms’ technology
develops over time. Such impact is captured by the interaction term of utility model and time
trend. The result in model (4) indicates that utility models increase the probability of patent
application, whereas such impact as the knowledge source for patents generation diminishes
as Korea’s technological capabilities rise. The same results hold when we add both a variable
for time trend and a full set of dummy variables for each year.®> Therefore, this result
supports the hypothesis that the utility models system is beneficial to developing countries or

technologically poor companies.

Further, this diminishing impact of utility models implies that Korea’s current
technological capabilities are the outcome of both adaptive innovation efforts (utility models)
during the early stage of development and real innovation activities encouraged by strong
patent rights protection during the later stage of development. In other words, lack of either
one may not guarantee technological development. Thus, the proper design and strength of an
IPR system tailored to the indigenous technological capacities is required to achieve

successfully industrial dynamics such as in Korea.

Figure 3: Trend of Utility Models versus Patents of Top 10 Patent Applicants (as of 1995)
50000

40000 -
30000 /L
20000 y 4

0 —

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

—utility model patent

Source: Authors compiled the KIPRIS data.

Data presented in Figure 3 show that the top 10 patent applicants of Korean firms as of

1995 tended to apply for more utility models prior to the early 1990s, which supports the role

® The results are available upon request.
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of learning mechanism of utility models. The top 10 patent applicants include Samsung
Electronics, LG Electronics, Daewoo Electronics, Hyundai Automotives, and so on. In sum,
Korea’s experience suggests that the design and strength of IPR systems should be tailored to
the indigenous technological capacities of the developing countries to provide the appropriate

incentives for innovation.

4.2.2. The Impact of Utility Model on Firm Performance

A key function of a patent is to help a company achieve sufficient returns on its
investment when commercializing a new technology through better positioning in the market
(Geroski et al, 1993; Geroski and Machin, 1993, Granstrand, 1999). Thus, if this function is
fulfilled, the product of the innovative process may be associated with superior performance.
Previous empirical findings show a positive association between patents and corporate
performance at the firm level. However, several limiting factors make it difficult to profit
from innovations, such as inability to prevent other firms from copying the technology, high
cost of or limited access to capital or related technology, challenges of putting a product into
production in time, and the high cost of marketing, as shown by a firm survey in Lee et al.
(2003). Thus, firms at their early development stages with poor resources may find
incremental innovation important in helping to position themselves in existing markets with
low cost. Consequently, utility models, which represent incremental innovations, are
expected to be positively associated with the performance of firms when they are at the early
stage of growth.

Therefore, the hypothesis can be set up as follows.
Hypothesis 111

Firm growth is positively associated with the minor inventive activity, particularly if a

firm is technologically lagging.
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8,+6,(log of R&D intensity;, , )+, (utility model, )

+ ili L )*ti + i :

(4) (Sales Growth, ) - &, (utility model, )*time trend, +5, (log of investment;,)
+0;(log of firm age, )+, (log of employees, )+ d.time trend,
+6, industry dummies; + 9, + v,

where i =firm, j=industry, t = period

Hypothesis 11 is tested using the sales growth equation with a variable for utility
model application after controlling for the R&D intensity (i.e., R&D expenditures to sales),
investment, size of employment, and firm age. R&D intensity is lagged in this model,
considering the time lag between R&D activities and product manufacture. The investment
and employment variables are used to control for the effects of factor inputs. Firm age helps
control for efficiencies due to entrepreneurs learning about their abilities over time
(Jovanovic, 1982; Evans, 1987). Table 6 presents the results of regression analysis for
Hypothesis I11. Here, performance is assessed using a firm’s five-year average sales growth.
Firm heterogeneity is controlled with fixed effect estimation. As the Hausman test rejected
the null hypothesis that the coefficients estimated by the efficient random effects estimator
are the same as the ones estimated by the consistent fixed effects estimator, we report the
fixed effect results ((x*> (06)=43.98, p-value=0.00 for model (3) and (x?(07)=46.43, p-
value=0.00 for model (4).

Model (3) in Table 6 suggests that the firms with utility models show no better
performance for the entire period. However, the impact of utility models changes by period.
When utility model is interacted with time trend as in (4), the coefficient of the utility model
dummy is found to be significant and positive. Such positive impact decreases as time passes;
the negative and significant coefficient of the interaction term of the utility model and time
trend indicates that the importance of utility model decreased as Korea began to acquire
greater technological and R&D capabilities. The same results hold when we try the system of
generalized method of moments (GMM) estimation not with a dummy for utility model but

with a variable showing the number of utility applications.*

% The results with the number of utility applications are not reported here but in Kim et al. (2009). In
Kim et al. (2009), internal innovative knowledge is measured by patents instead of R&D intensity.
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The implication is that utility models are likely to be appropriate for companies that
are resource poor or are below the technological frontier. R&D intensity, investment, and
labor control variables each has significant positive associations with sales growth, while the
age of a firm has a significant negative association (i.e., younger firms generally have faster

growth in sales). The latter results are consistent with Jovanovic (1982) and Evans (1987).

Table 6: Hypothesis I11: Impacts of Utility Models on the Sales Growth of Firms

Dependent Variable: Five-year average sales growth rate

(1) oLs (2) OLs (3) Fixed Effect  (4) Fixed Effect
(Log of R&D intensity);.. 0.0718*** 0.0719*** 0.0345*** 0.0356***
(5.999) (6.009) (2.859) (2.954)
(Log of Investment), 0.244*** 0.244%** 0.132*** 0.132***
(8.228) (8.226) (3.880) (3.898)
Utility model 0.0127 0.205 -0.0172 0.478*
(0.411) (0.858) (-0.345) (1.918)
Utility model ; * time -0.0424 -0.114**
(-0.814) (-2.028)
(Log of firm age), -0.362*** -0.362*** -0.693*** -0.683***
(-7.660) (-7.657) (-3.870) (-3.822)
(Log of employees), 0.0787*** 0.0782*** 0.355*** 0.361***
(5.486) (5.442) (6.160) (6.275)
Time -0.0108 0.0132 -0.00825 0.0563
(-0.390) (0.321) (-0.151) (0.893)
Constant 1.275%** 1.172%** 0.509 0.167
(6.290) (4.839) (1.173) (0.360)
Observations 1668 1668 1668 1668
R-squared 0.32 0.32 0.215 0.22
F-stat 18 175 27.81 24.55
Prob 0.00 0.00 0.00 0.00
Number of firms 1051 1051 1051 1051

Note: All data are five-year averaged. *** p<0.01, ** p<0.05, * p<0.1, t-statistics are in parentheses; 21 industry
dummies are included, investment rates are investment ratio to assets, White-Sandwich standard errors are used.

5. Concluding Remarks

Among diverse factors associated with the rapid technological development of Korea,
this paper has focused on the role of the IPR system. In particular, two dimensions of the
system were considered: the conventional patent protection system measured by the patent
rights index and the second-tier protection system for minor adaptive inventions, that is, the
utility model system. This paper took a dynamic perspective to analyze the changing role of
IPRs through the course of economic growth and examined the role of utility models (or petit
patents) in the technological development of Korea, particularly in the early days of

development.

22



The major findings are as follows. First, strong conventional patent protection
measured by the patent rights index induces more patent generation at a later stage of
development only in Korea. Second, utility models have a positive impact on patent
generation, but their impact decrease with the eventual enhancement of technological
capabilities. Third, firms with utility models are associated with better performance during
the early stage of economic development, while such impact decreases over time. Overall,
these empirical findings on the Korean firm level data as well as the time series data imply
that strengthening only the level of IPR protection regardless of the level of economic
development may not be appropriate for developing countries with less technological
capabilities.

Rather, Korea’s experience suggests that the design and strength of IPR systems
should be tailored to the level of the local technological capabilities of a country to provide
appropriate incentives for incremental or adaptive innovation. In particular, utility model
systems, a second-tier IPR, is the right device for developing countries to encourage
incremental innovation, which may be more suitable for local needs and be a stepping stone
for further technological progress. Only after technological capabilities have reached a certain
threshold level would the policy to strengthen patent rights protection to induce more R&D
investment become more valid and effective. Nevertheless, current academic and policy
debates have focused on the effects of strong IPRs in general and on raising developing
country standards to developed country levels. Accordingly, less attention has been given to
the effects of intermediate levels or different types of IPRs. This is one of the aspects to

which this paper contributes in this field of research.

However, some limitations of this research remain. First, it would be better if a
patent rights index would be constructed with possible data availability later, reflecting not
only the laws and regulations but also the actual enforcement of the laws. It would be useful
to investigate the issues sector by sector to see if there would be any difference across sectors,

for example, in agriculture, electronics, and machinery.
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[Appendix: Descriptive Statistics and Correlation]

Table A. Summary Statistics of Time Series

Variable Mean Standard deviation
A(log of no. of patent application) 0.13 0.17
A(log of RD) 0.25 0.18
A(log of GDP) 0.18 0.08
Patent rights index 2.92 0.76

Table B. Correlation Matrix of Time Series

A(log of no. of A(log of RD) A(log of GDP)  Patent
.. rights
patent application) index
A(log of no. of
(log o 1.000
patent application)
A(log of RD) 0.4327 1.000
A(log of GDP) 0.1518 0.5827 1.000
Patent rights index 0.0483 -0.4461 -0.8014 1.000

Table C. Descriptive Statistics of Firm-level Panel Data

Variable Mean Std. Dev.

R&D expenditure 42272.6 1978668
Patent rights index 2.81 0.61
Firm age 8.98 10.96

Employees 1140.74 7083.49
R&D intensity 0.02 0.97
Patent 1.33 61.83
investment 51 14.12
5-year average sales growth 0.56 0.75
Utility model 0.02 0.13

Note: Unit for the R&D expenditure: 1,000 Korean Won; R&D expenditure is deflated with industry-level GDP
deflator.
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Table D. Correlation of Firm-level Panel Data

Five- Utility
R&D P.atent Firm R&D _ year model
- rights Employees . - Patent  investment average
expenditure index Age intensity sales
growth
R&D 1
expenditure
Pate_nt rights 0.04 1
index
Firm age 0.04 -0.03 1
Employees 055 -0.12 0.14 1
R&D
intensity 0.19 0.10 -0.05 0.06 1
Patent 0.75 0.04 0.03 0.40 0.10 1
Investment 0.04 -0.04 -0.02 0.05 0.06 0.03 1
Five-year
average 003 009  -0.26 0.04 0.09 0.02 0.20 1
Sales
growth
Utility 1
model 0.14 0.02 0.01 0.21 0.07 0.1 0.05 0.07
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Appendix: Patent Rights Index (1961-2002)

[ 61 62] 63] 64] 65] 66] 67] 68 69 70] 71 72 73] 74] 75 76 77] 78] 79[ 80 81
1) Coverage
Patentability of pharmaceuticals
Patentability of chemicals
Patentability of food
\F/’::ieergeéglllty of planet and animal 1 1 1 1 1 1 1 1 1
Patentability of surgical products 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of microorganisms 1
Patentability of utility models 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of software
025| 025 | 025 | 025| 025| 025 | 025 | 025 | 025 | 0.25| 025 | 025 | 0.38 | 0.38 | 0.38 | 0.38 | 0.38 | 0.38 | 0.38 | 0.38 | 0.50
2) Membership in international treaties
Paris convention and revisions 1 1
Patent cooperation treaty
Protection of new varieties
TRIPS
Budapest Treaty
0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.20 | 0.20
3) Loss of protection measures against losses
Working requirements
Compulsory licensing 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05
Revocation of patents
0.00 | 0.00 | 000 | 0.00 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17
4) Enforcement
Preliminary injunctions 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Contributory infringement 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Burden-of-proof reversal 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
5) Duration
Grant-based standard 071|071 071 071|071 | 071|071 071|071 | 071| 071|071 | 071 | 071 | 071 | 071 | 071 | 071 | 0.71 | 0.71 | 0.71
App-based standard
Patent Rights Index 1.96 | 1.96 | 1.96 | 1.96 | 2.12 | 2.12 | 2.12 | 2.12 | 212 | 212 | 212 | 212 | 225 | 225 | 2.25 | 2.25 | 2.25 | 2.25 | 2.25 | 2.45 | 2.57
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Appendix: Patent Rights Index (1961-2002) (Continued)

| 82| 83| 84| 85| 86| 87| 8] 89| 9] 91| 92| 93] 94| 95| 96| 97| 98] 99] o00] o01] o02
1) Coverage
Patentability of pharmaceuticals 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of chemicals 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of food 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of planet and animal varieties 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of surgical products 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of microorganisms 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of utility models 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patentability of software 1 1 1
0.50 | 0.50 | 0.50 | 0.50 | 0.75 | 0.75 | 0.75 | 0.75 | 0.88 | 0.88 | 0.88 | 0.88 | 0.83 | 0.88 | 0.88 | 0.88 | 0.88 | 0.88 | 1.00 | 1.00 | 1.00
2) Membership in international treaties
Paris convention and revisions 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Patent cooperation treaty 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Protection of new varieties 1
TRIPS 1 1 1 1 1 1 1 1
Budapest Treaty 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.40 | 0.40 | 040 | 0.40 | 0.40 | 0.40 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 1.00
3) Loss of protection measures against losses
Working requirements 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05| 05
Compulsory licensing 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Revocation of patents 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33 | 0.33
4) Enforcement
Preliminary injunctions 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Contributory infringement 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Burden-of-proof reversal 1 1 1 1 1 1 1 1 1 1 1 1 1
1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
5) Duration
Grant-based standard 071(071]071|071|071|071| 071|071 | 0.88 | 0.88 | 0.88 | 0.88 | 0.88
App-based standard 1 1 1 1 1 1 1 1
Patent Rights Index 277 | 277 | 277 | 277 | 3.02 | 3.02 | 3.22 | 322 | 3.69 | 3.69 | 3.69 | 3.69 | 3.69 | 401 | 401 | 401 | 401 | 401 | 413 | 4.13 | 4.33

Note) Revised from Choi and Lee (2005)
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