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Abstract: Global competition has increased the importance of patents as a means to protect and
strengthen technology and competitiveness. The purposes of our study were to identify what
industries in South Korea are strong or weak in terms of patent applications and to identify some
strategies to enable weak industries to become strong. For this, we gathered statistics on seven
variables as follows: number of businesses, number of employees, research and development
investment, number of full-time equivalent researchers, number of research institutions, domestic
market size, and number of patent applications. Especially, to compare the ratio of patent applications
and the ratio of domestic market size across industries, the industries were classified into the following
three categories: strong-, weak-, and no-patent. Furthermore, data envelopment analysis (DEA)
suggested some strategies to strengthen patent applications for each industry. In the DEA analysis,
the number of patent applications was used as the output variable and the other six variables were
used as input variables. Our study will particularly assist industries where protection by patents is
an important aspect of their businesses.

Keywords: data envelopment analysis; industry analysis; market size; patent analysis;
patent-strengthening strategy; R&BD infrastructure

1. Introduction

Under the stimulus of AlphaGo, Google’s DeepMind artificial intelligence program and IBM’s
Watson, a question-answering computer system, the “fourth industrial revolution” has become of great
interest to the South Korean government and industry sectors. For South Korea, it represents a strategic
breakthrough due to its manufacturing industry-leading, export-oriented, economic structure. In this
context, we have an interest in developing strategic ways to strengthen South Korea’s industrial output.

Many governments and global companies strive for sustainable growth and improved global
competitiveness in a rapidly changing business environment [1]. South Korea’s government is faced
with a difficult situation due to the increasing number of elderly people and challenges to tax revenues
caused by recession. The increasing rate of public research and development (R&D) investment is
slowing [2]. A new approach is needed for sustainable growth and enhanced competitiveness in
the scenario of available resources. The “open innovation” concept, introduced by Chesbrough [3],
has received much attention [4–9]; this concept, in short, refers to the use of outer as well as inner
knowledge to improve internal innovation.
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Data envelopment analysis (DEA) has been widely used for the analysis of efficiency and
productivity. Yang and Anderson noted that the open innovation approach is not a single, unique
strategy to enable firms to succeed [10]; they studied 18 global companies’ open innovation strategies
using the DEA method and the companies’ R&D investments, patents, revenues, market capitalizations,
intangible assets, and goodwill, as published in the corporate annual reports. However, the study did
not establish the efficiencies of the companies with respect to open innovation. It is difficult to find
studies that have explored both open innovation and DEA for the analysis of efficiency or strategy.
We presume that such a combined approach is challenging because the term “open innovation” is a
practical strategy, while DEA is an analytical method. Therefore, we have restricted the scope of our
study to using DEA to identify strategies that would strengthen the industrial output of South Korea.

Patents have been widely used as a surrogate variable in the study of the measurement of output,
technological innovation activity, or the strategy of technology management [11–15]. We also use
patents as a surrogate variable of output or endeavor of technological innovation. There are broadly
two types of patents: applied and registered. When we analyze technological innovation or the output
of R&D, the statistics of patent applications are more appropriate than the registered ones [16,17].
This is because the elapsed time between R&D and a patent application is shorter than for patent
registration [16]. Therefore, we focused on patent applications in our study.

Patents have some limitations, although they have been used widely as a means to measure
technological innovation. However, they are not equally relevant in every economic sector. They are
usually more important and filed much more often in high-tech industries than in lower-tech industries.
Business method patents can only be obtained when they use information and communication
technology [18]. In some special sectors, know-how or confidential business information may be
preferred to protection by patents. Lanjouw et al. also pointed out that patent counts are an imperfect
measure of innovative output [1]. They argued that the values of the innovations protected by patents
differed. In another study by Lanjouw et al., quality-adjusted patent counts could be more closely
correlated with R&D investment than patent counts per se [19].

There are large differences across Korean industries in terms of patent application filings, which
is the starting point of our study. We studied this difference by comparing the ratio of the number of
patents according to industry. Finally, we developed several strategies to improve the use of patent
applications by South Korean industries. We adopted the DEA methodology for this purpose, because
there it makes no assumption about functional relationships among variables.

2. Research Background

2.1. Data Envelopment Analysis (DEA)

DEA is a non-parametric method used in economics and industrial engineering to estimate
relative efficiencies among entities, such as firms or countries. These entities are usually described
as decision-making units (DMUs). DMU efficiency is defined as “the ratio of the sum of its weighted
outputs to the sum of its weighted inputs” [20]. The DEA method was developed by Charnes, Cooper,
and Rhodes [21] for evaluating a United States federal government program. The method, also
commonly called the “CCR” model, after the authors, assumed constant returns to scale (CRS) and
had an input orientation that indicates how much an entity should decrease its inputs for given
outputs to improve its efficiency. The DEA method identifies best practices, which are typically called
efficiency frontiers or peers; these have an efficiency score of 1 (or 100%). After calculating an efficiency
score and identifying the best practices or frontiers, the DEA method enables one to judge whether
an entity is efficient and determines what inputs or outputs are required to improve its efficiency.
The DEA method, because it is a non-parametric approach, has the advantage of not assuming a
functional relationship among inputs and outputs. This characteristic has resulted in the method
being used widely in benchmarking and efficiency studies of entities. Banker, Charnes, and Cooper
proposed a variation on the CCR model, commonly referred to as the “BCC” model, after the authors,
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which assumes variable returns to scale (VRS) [22]. In economics, the term returns to scale indicates
“the behavior of the rate of increase in output relative to the associated increase in inputs in the long
run” [23]. If the output changes at the same rate of change as the input, then the case is referred to as a
constant return to scale (CRS). However, if the output changes at a rate that is different than that of the
inputs, then the case is called a variable return to scale (VRS). There are two forms of VRS: decreasing
returns to scale (DRS) and increasing returns to scale (IRS). The CRS model is appropriate when all
entities are operating at an optimal scale, i.e., when all entities “evolve in a perfectly competitive
environment, which is seldom the case” [23]. The VRS model is more appropriate when all the entities
are not operating at an optimal scale; that is, when all entities “face imperfect competition, government
regulations, etc”. [23]. Thus, the VRS model is more realistic than the CRS model. The CRS and VRS
methods have been used widely, while many variations of the DEA method have been developed.
As a result, we adopted an input-oriented VRS model of the DEA method.

The technical efficiency (TE) can be described using Equation (1) [20]:

TEk =

s
∑

r=1
uryrk

m
∑

i=1
vixik

(1)

where TEk is the technical efficiency of entity k using m inputs to obtain s outputs, yrk is the quantity of
output r obtained by entity k, xik is the quantity of input i consumed by entity k, ur is the weight of
output r, vi is the weight of input i, s is the number of outputs, and m is the number of inputs.

Generally, the DEA method has the purpose of maximizing efficiency of entity k. The primal
equation or multiplier form for the input-oriented VRS model is presented below [20]:

Maximize
s
∑

r=1
uryrk + ck

Subject to
s
∑

r=1
uryrj −

m
∑

i=1
vixij + ck ≤ 0, j = 1, ..., n

m
∑

i=1
vixik = 1

ur, vi ≥ 0 ∀r = 1, ..., s; i = 1, ..., m

(2)

where ck is the variable axis for entity k [20].
Duality is often used in linear programming [24] and it can also be used in the formulation of

DEA. The dual form, also known as the envelopment form, is preferable because “it contains only
s + m constraints rather than n + 1 constraints in the multiplier form” [20]. The envelopment form of
the input-oriented VRS model is presented below:

Minimize θk
Subject to

n
∑

j=1
λjyrj ≥ yrk r = 1, ..., s

n
∑

j=1
λjxij ≤ θkxik i = 1, ..., m

n
∑

j=1
λj = 1

λj ≥ 0 ∀j = 1, ..., n

(3)

where θk represents the technical efficiency of entity k, and λj represents the associated weighting of
outputs and inputs of entity j.
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Figure 1 helps clarify the concept of technical and scale efficiency and the differences between the
CRS and VRS models by showing a simple example with single input and output. The diagonal dashed
line represents the CRS efficient frontier and the solid line, composed of A, B, and C, represents the
VRS efficient frontier. B is totally efficient under the CRS and VRS models. If A and C are to be efficient
under the CRS assumption, they should move to A’ and C’, respectively, while they are 100% efficient
under the VRS model. D and E are inefficient under the models. The technical efficiency of D under
the CRS model is dD”/dD, while that of D under the VRS model is dD’/dD [20]. Scale efficiency is
defined as the ratio of the technical efficiency under the CRS model to the technical efficiency under
the VRS model. The distance D′D” is associated with the scale efficiency. More specifically, the scale
efficiency of D is dD”/dD′. The slope of the VRS efficient frontier or productivity can be helpful in
understanding the nature of the return to scale. Productivity is usually expressed as the ratio of output
to input. The productivities of A, B, and C are 0.5 (1/2), 1 (3/3), and 0.67 (4/6), respectively. If A moves
to B, the productivity will increase from 0.5 to 1. This is a case of an increasing return of scale, IRS.
Similarly, if B moves to C, the productivity will decrease, from 1 to 0.67. This is the case of a decreasing
return to scale, DRS. The return to scale is used as an assistant measure to clarify and interpret the
efficiency of an entity.
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2.2. Selection of Input and Output Variables

The DEA method needs input and output variables. This section explains the selection process
of these variables. The scope of our study is limited to developing a strategy to enhance patent
applications; that is, to increase the number of patent applications filed by industry. Thus, the number
of patent applications was selected as the output variable. The input variables of DEA were selected
based on a literature review. For this, we reviewed papers discussing reasons for patent applications,
determinants of patent applications, or “patent production functions”. However, there were few
data available, so selecting a good candidate input variable may be problematic. Thus, the variables
available at the industry level were selected as input variables.

The patent system provides a set of exclusive rights to the assignee or inventor for a limited time
in exchange for public disclosure of the invention [17,25]. Therefore, the system has the conflicting
function of exclusion and diffusion of knowledge [26]. There are various reasons why an inventor or
assignee applies for a patent under the above-mentioned patent system. Exclusive right is not the sole
reason; reasons can also include the following: (1) technical monopoly; (2) intangible property, gaining
of property about technology; (3) set-up or boosting of technological development; (4) resolution of a
patent dispute; (5) return on investment; (6) expectation of government assistance; (7) method of sales or
contracts; and (8) commercialization of technology. Grimaldi et al. described the strategic positioning
of a patent in four ways: competitive, business, defensive, and not essential [27]. Some studies
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have investigated the determinants of patent applications [28,29]. Pakes and Griliches developed an
equation for patent production activities where the independent variables were R&D investment, time,
and the difference between research productivity and tendency to patent among firms; the dependent
variable was patent production [28].

Jeong [29] used a modification of the Pakes–Griliches model. Specifically, the determinants
of Korean patent applications at the firm level were examined. The R&D investments, sales as
the surrogate variable of the firm’s size, depreciable assets divided by the number of employees
as the surrogate variable of capital intensity, a changing patent system, and the highest three-firm
concentration ratio (CR3) for the market structure were examined. Sales was the most influencing
variable for patent applications; R&D investment, capital intensity, and changes to the patent system
were also significant variables, while CR3 was not an explanatory variable for patent applications [29].
Meanwhile, in economics, CRk, which means the market share of the k largest firms, is frequently used
to measure market intensity. Statistics Korea uses CR3 in its published index [30].

Park and Sung estimated the science and technology knowledge production function using a
principal components regression model and solved the multicollinearity among multiple variables [31].
Their study started from the following hypothesis: “Three independent variables: the patent stock,
R&D stock, and number of researchers, have a positive effect on patent production”. They argued that
most of the technological innovation of the present year was the result of accumulated knowledge
and experience. Therefore, they argued, knowledge or the capability for technological innovation of a
country, industry, or firm can be expressed by the entity’s stock of knowledge and experience. They
used a cumulative sum function from time series data of paper, patent, and R&D investments for paper
stock, patent stock, and R&D stock, respectively. They concluded that “the principal components
regression model was useful to estimate the effect of highly correlative production factors and showed
that the number of researchers, R&D stock, paper or patent stock all had positive effects on the
production of papers or patents”.

Meanwhile, Acemoglu and Linn developed a simple relationship between innovation and
potential market size [32]. They argued that “a key determinant of innovation is the potential market
size of users”. Especially, they gave the following concrete example: “A 1 percent increase in the
potential market size for a drug category leads to approximately 4 to 7.5 percent growth in the entry
of new drugs approved by the Food and Drug Administration”. They, however, explained that their
result might be non-representative “especially because the pharmaceutical industry may be more
research-oriented than other industries”. Kortum investigated the decline of the patent-to-R&D ratio
over the past three decades until the late 1980s [33]. He concluded that the reasons for the decline were
as follows: (1) decreased technological opportunities; (2) increased economic value of inventions due
to growth in the size of markets; and (3) increased cost of dealing with the patent system.

We found from a literature review that there were many variables that could affect patent
production, and that the variables could be cross-related. Therefore, we needed to consider diverse
variables affecting patent production. We particularly focused on Jeong’s [29] and Acemoglu and
Linn’s results [32]. Jeong found that the most influencing variable for patent applications was the
surrogate variable of the firm’s size. Acemoglu and Linn found that the potential market size was a key
determinant of innovation. Moreover, as we noted earlier, most of the reasons for patent applications
are attributable to business opportunities, where the market size could be used as a surrogate variable.
Consequently, variables related to size and market size were adopted as important input variables
in our analysis. Especially for the analysis by industry, our study adopted the number of businesses,
employees, researchers, and research institutions as size variables. This is because we agree with
Jeong’s result that the size variable is the most important variable influencing patent applications. R&D
investment was also adopted as an input variable because most of the researchers in our review study
consider it to be an important variable in patent production. However, we excluded some variables
that have previously been reported as positively correlated with patent production, for various
reasons. For example, research productivity is defined by the ratio of patents to R&D investment;
here, the numerator and the denominator in the definition were already adopted as output and input
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variables, respectively. Thus, it was excluded to avoid duplication of variables. Capital intensity and
sales are used as important variables in firm-level analyses, but we decided they were not suitable
for industry level analyses. In particular, sales is less appropriate than market size as a surrogate
variable for economic activity in our analyses. More details are provided in Section 3.1. Patent stock
is secondary data and impossible to obtain as “official” data. To summarize, we adopted six input
variables: market size, R&D investment, and the numbers of businesses, employees, researchers,
and research institutions.

3. Data: Research & Business Development Infrastructure in South Korea

3.1. Domestic Market Size: Surrogate Variable for Economic Activity

In our study, market size and the number of patent applications were the most important variables.
We considered the number of patent applications relative to the market size as a function of industry
in South Korea. Gross domestic product (GDP) or the total sales by an industry are also frequently
used to measure economic activity. Therefore, we briefly examined the relationship between market
size and the other two variables and why the market size variable was preferred in this study. Figure 2
reveals a relationship among the three variables but a clear definition of the variables is not evident.
The total sales target refers to domestic companies; total sales are composed of domestic sales, exports,
and import-and-domestic sales by these companies. GDP is the monetary value of all final goods and
services produced within a country’s borders over a specific period (yearly or quarterly). It is not a
complete measure of economic activity because it only accounts for the final output, with the exception
of transactions in the intermediate stages of production. Broadly, GDP is composed of domestic sales,
exports, and stock. Domestic market size is the total size of the consumption market and is composed
of import and domestic sales.
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Three different statistics are published by South Korean organizations related to the total sales
of different industries. The first is the economic census conducted every five years by Statistics
Korea; the target of the census is all companies (about 3,300,000 of them) [30]. The second is the
business activity survey performed annually by Statistics Korea [30]; the target of the survey is about
13,000 companies, each having more than 50 employees and a gross capital of over 300,000,000 won
(about $300,000 USD (dollars)). The last is the national tax statistics published by the National Tax
Service [34]; this statistic does not disclose the total sales by detailed industry classification. GDP
statistics can also be found in the economic statistics system of the Bank of Korea [35]. The targets of
this variable are all of the economic entities such as households, companies, and governments that are
engaged in economic activities. The domestic market size statistics for South Korea can be found in the
inter-industry table published by the Bank of Korea, which targets all South Korean companies [30].
We have estimated the domestic market size of South Korea using Equation (4) proposed by the Korean
Institute for Industrial Economics & Trade [36].

Domestic market size = (nominal) total production − exports + imports (4)
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The exclusive rights, given by the Intellectual Property Office of a nation to the assignee of the
invention, are restricted to the nation. Therefore, the business opportunities leading from patent
applications granted by the Korean Intellectual Property Office are also limited by the market size of
South Korea. Anyone who has an interest in the Korean market can seek a patent application from the
Korean Intellectual Property Office. According to the official announcement, there were 204,589 patent
applications issued in South Korea in 2013. Among them, the number of applications by foreigners
and South Koreans were 44,611 (22%) and 159,978 (78%), respectively [37]. The market of one nation is
also shared by all players who have an interest in the market. For example, foreign car exporters such
as BMW, Ford, General Motors Group, and Volkswagen sell their cars in the South Korean car market.

Summarizing, anyone can apply for a patent at the local patent office but the exclusive rights of
a patent are limited to and valid in the specific nation where the patent is applied for and obtained.
The domestic market size variable meets the characteristics of the patent system. The GDP statistic
does not reflect the entire economic activity but it also satisfies the two conditions. The total sales
variable produced by the government does not meet either of the two conditions. Consequently,
we argue, the domestic market size variable is more appropriate than the other two variables for our
study to compare the number of patent applications as a function of industry in South Korea.

3.2. Statistics of R&BD Infrastructure by Industry

We were interested in comparing the R&BD infrastructure as a function of industry in South
Korea for the purpose of verifying what industry sector produced many patents considering its own
input factors. We required the R&BD infrastructure statistics to identify appropriate strategies for
strengthening the patent output of South Korean industries. Therefore, we examined many statistics
variables related to the R&BD infrastructure and segmented them according to the Korean Standard
Industrial Classification [38]. Many variables related to the determinant factors of a patent application,
discussed in the Introduction section of this paper, were not used in our study because they could
not be categorized in accordance with the Korean Standard Industrial Classification, which is the unit
of our analysis. In the same manner, it was difficult to gather R&BD infrastructure data according
to the detailed classification. Table 1 shows the classification codes and their explanations used in
our study; it covers all of the industries classified by the Korean Standard Industrial Classification.
The manufacturing industry is important to the South Korean economy; it produced about 87% of
all of the patent applications in 2013 [37]. Therefore, we gathered and analyzed the statistics of the
manufacturing industry in greater detail. There are 44 targeted classifications listed in Table 1, among
which 33 codes fall within the manufacturing industry.

Table 1. Korean Standard Industrial Classification List used in this study.

Code Explanation of Industrial Classification (Code)

A Agriculture, Forestry, and Fishing
B Mining and Quarrying

C10 Manufacture of Food Products
C11 Manufacture of Beverages
C12 Manufacture of Tobacco Products
C13 Manufacture of Textiles, Except Apparel
C14 Manufacture of Wearing Apparel, Clothing Accessories, and Fur Articles
C15 Tanning and Dressing of Leather , Manufacture of Luggage and Footwear
C16 Manufacture of Wood Products of Wood and Cork ; Except Furniture
C17 Manufacture of Pulp, Paper, and Paper Products
C18 Printing and Reproduction of Recorded Media
C19 Manufacture of Coke, Hard-coal and Lignite Fuel Briquettes, and Refined Petroleum Products
C20 Manufacture of Chemicals and Chemical Products Except Pharmaceuticals and Medicinal Chemicals
C21 Manufacture of Pharmaceuticals, Medicinal Chemicals, and Botanical Products
C22 Manufacture of Rubber and Plastic Products
C23 Manufacture of Other Non-metallic Mineral Products
C24 Manufacture of Basic Metal Products
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Table 1. Cont.

Code Explanation of Industrial Classification (Code)

C25 Manufacture of Fabricated Metal Products, Except Machinery and Furniture

C26 Manufacture of Electronic Components, Computer, Radio, Television, and Communication
Equipment and Apparatuses

C27 Manufacture of Medical, Precision and Optical Instruments, Watches and Clocks
C28 Manufacture of Electrical Equipment
C29 Manufacture of Other Machinery and Equipment
C30 Manufacture of Motor Vehicles, Trailers, and Semitrailers
C31 Manufacture of Other Transport Equipment
C32 Manufacture of Furniture
C33 Other Manufacturing
D Electricity, Gas, Steam, and Water Supply
E Sewerage, Waste Management, Materials Recovery, and Remediation Activities
F Construction
G Wholesale and Retail Trade
H Transportation
I Accommodation and Food Service Activities
J Information and Communications
K Financial and Insurance Activities
L Real Estate Activities and Renting and Leasing
M Professional, Scientific, and Technical Activities
N Business Facilities Management and Business Support Services
O Public Administration and Defense; Compulsory Social Security
P Education
Q Human Health and Social Work Activities
R Arts, Sports, and Recreation-related Services
S Membership Organizations, Repair and Other Personal Services

T Activities of Households as Employers; Undifferentiated Goods- and Services-producing Activities of
Households for Own Use

U Activities of Extraterritorial Organizations and Bodies

Table 2 provides the statistics concerning R&BD infrastructure as a function of South Korean
industry for 2013. The data of Table 2 was obtained from various government offices. The statistics of
the number of businesses and number of employees are published in the Census on Establishments
of Statistics Korea [30]. The statistics concerning R&D investment, number of full-time equivalent
researchers, and the number of research institutions can be obtained from the National Science
& Technology Information Service (NTIS) operated by the Ministry of Science, ICT and Future
Planning [2]. The statistics of domestic market size can be calculated from the input–output table base
price of the inter-industry relation table published by the Bank of Korea [30]. Lastly, statistics on the
number of patent applications can be obtained from the Korean Intellectual Property Office [37].

Table 2. Statistics of R&D infrastructure as a function of South Korean industry for 2013.

Code No. of
Businesses

No. of
Employees R&D R-FTE

No. of
Research

Institutions

Market
Size

No. of Patent
Applications

All 3,676,876 19,173,474 59,301 321,842 25,882 3,432,302 198,669
A 2708 34,527 26 174 30 68,446 2612
B 1883 15,872 25 43 4 179,589 397

C10 53,832 286,875 405 3955 614 102,445 3500
C11 1300 16,479 26 278 51 10,953 148
C12 13 1983 33 96 1 2480 128
C13 21,201 150,098 124 1129 357 29,565 629
C14 24,129 144,266 202 2017 314 30,988 537
C15 5378 36,865 39 242 69 11,600 1092
C16 6240 35,299 13 173 61 8997 463
C17 6256 73,734 55 578 145 24,521 215
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Table 2. Cont.

Code No. of
Businesses

No. of
Employees R&D R-FTE

No. of
Research

Institutions

Market
Size

No. of Patent
Applications

C18 17,921 69,864 35 350 111 7523 302
C19 289 10,930 291 688 32 128,178 358
C20 8611 146,956 2657 14,687 1307 144,231 12,789
C21 906 34,786 1083 5750 336 18,461 9544
C22 20,282 265,353 725 3905 728 66,858 4507
C23 10,141 107,993 317 1634 360 46,830 6011
C24 7647 159,586 620 2571 438 124,319 2539
C25 63,092 425,722 549 4492 1040 120,027 4231
C26 12,433 443,605 23,415 89,824 2434 163,428 42,863
C27 10,472 108,597 823 7783 1240 33,996 18,758
C28 19,240 218,200 1033 9002 1584 74,999 20,337
C29 39,602 421,448 2665 18,307 3424 113,677 25,974
C30 9307 337,027 5276 26,142 991 104,300 7399
C31 3498 175,782 735 5217 240 25,680 4066
C32 11,572 66,932 65 505 135 13,321 1432
C33 17,254 63,838 71 956 326 53,464 4633
D 1668 68,297 323 985 27 105,789 855
E 6965 77,910 33 316 105 17,485 1933
F 117,153 1,040,207 960 6208 2019 190,336 5464
G 960,388 2,879,955 707 6995 1611 210,449
H 371,639 1,014,030 111 522 32 114,668
I 686,225 1,991,476 9 94 12 97,957
J 35,541 516,208 1953 26,127 3056 117,372 14,953
K 41,508 700,421 2 23 4 137,142
L 132,630 466,719 9 108 23 158,591
M 87,722 861,716 1041 10,374 1716 128,928
N 46,447 943,283 72 656 83 46,256
O 12,069 644,981 0 112,024
P 173,485 1,492,354 15 247 46 104,052
Q 125,703 1,325,849 4 75 18 105,386
R 103,973 360,621 3 51 12 30,127
S 398,553 936,830 13 168 49 46,863
T
U

Codes: Korean Standard Industrial Classification (KSIC); No. of businesses: number of businesses; No. of
employees: number of employees; R&D: R&D investment (billion won); R-FTE: number of full-time equivalent
researchers; No. of research institutions: number of research institutions; Market size: domestic market size
(billion won); No. of patent applications: number of patent applications. These statistics are discussed in the
main text.

Table 2 can be used to establish what R&BD resource is concentrated in which industry.
For example, the number of businesses had the largest value (960,388/3,676,876 = 26.1%) in the
industry of “Wholesale and Retail Trade” (G). In the same way, the number of employees and the
domestic market size showed the largest value in the same industry category. R&D investment,
the number of FTE-R and the number of patent applications were greatest in the industry of
“Manufacture of Electronic Components, Computer, Radio, Television and Communication Equipment
and Apparatuses” (C26). Lastly, the number of research institutions showed the largest value in the
industry of “Manufacture of Other Machinery and Equipment” (C29).

4. Relationship between Patent Applications and R&BD Infrastructure

In this section, we distinguish strong patent industries from weak ones by comparing two
ratios: the patent applications ratio and the domestic market size ratio. In addition to the domestic
market size, the other R&BD infrastructure variables are also worthwhile to compare with patent
applications. We adopted a simple method to compare the patent applications variable with other
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R&BD infrastructure variables by industry (Equation (5)). The term “Relative intensity of patent
applications compared to R&BD infrastructure” was developed because it represents how intensively
patent applications are concentrated within each industry for the various R&BD infrastructure values.

Relative intensity of patent applications compared to R&BD infrastructure

=
ratio of patent applications

ratio of R&BD infrastructure
(5)

Table 3. Relative intensities of patent applications compared with Research & Business Development
infrastructure.

Code No. of
Businesses

No. of
Employees R&D R-FTE No. of Research

Institutions Market Size

C27 33.15 16.67 6.80 3.90 1.97 9.53
C21 194.96 26.48 2.63 2.69 3.70 8.93
C28 19.56 9.00 5.88 3.66 1.67 4.68
C26 63.81 9.33 0.55 0.77 2.29 4.53
C29 12.14 5.95 2.91 2.30 0.99 3.95
C31 21.51 2.23 1.65 1.26 2.21 2.74
C23 10.97 5.37 5.66 5.96 2.18 2.22

J 7.79 2.80 2.29 0.93 0.64 2.20
E 5.14 2.39 17.27 9.91 2.40 1.91

C32 2.29 2.06 6.59 4.59 1.38 1.86
C15 3.76 2.86 8.47 7.31 2.06 1.63
C20 27.49 8.40 1.44 1.41 1.27 1.53
C33 4.97 7.00 19.45 7.85 1.85 1.50
C30 14.71 2.12 0.42 0.46 0.97 1.23
C22 4.11 1.64 1.86 1.87 0.81 1.16
C12 182.23 6.23 1.18 2.16 16.68 0.89
C16 1.37 1.27 10.31 4.34 0.99 0.89
C18 0.31 0.42 2.56 1.40 0.35 0.69
A 17.85 7.30 29.76 24.32 11.34 0.66

C25 1.24 0.96 2.30 1.53 0.53 0.61
C10 1.20 1.18 2.58 1.43 0.74 0.59

F 0.86 0.51 1.70 1.43 0.35 0.50
C13 0.55 0.40 1.52 0.90 0.23 0.37
C24 6.14 1.54 1.22 1.60 0.76 0.35
C14 0.41 0.36 0.80 0.43 0.22 0.30
C11 2.11 0.87 1.73 0.86 0.38 0.23
C17 0.64 0.28 1.16 0.60 0.19 0.15
D 9.49 1.21 0.79 1.41 4.13 0.14

C19 22.93 3.16 0.37 0.84 1.46 0.05
B 3.90 2.41 4.68 14.96 12.93 0.04

The column headings are explained in Table 2.

Table 3 lists the relative intensities of patent applications measured by Equation (5). It is sorted by
the last column (domestic market size), which was an important variable in our study. The relative
intensity of patent applications compared to the domestic market size can be described by Equation (6):

Relative intensity of patent applications compared to domestic market size

=
ratio of patent applications

ratio of domestic market size
(6)

We classified all of the industries into three categories according to their relative intensity value
shown in the last column (domestic market size) of Table 3, which was calculated using Equation (6).
The first category is the “strong-patent industry”, which has a relative intensity value exceeding
unity. The first two industries of this category were “Manufacture of Medical, Precision and Optical



Sustainability 2016, 8, 901 11 of 17

Instruments, Watches and Clocks” (C27) and “Manufacture of Pharmaceuticals, Medicinal Chemicals
and Botanical Products” (C21). The second category is the “weak-patent industry” which shows a
relative intensity value below unity. The two sample industries of this category having the smallest
relative intensities were “Mining and Quarrying” (B) and “Manufacture of Coke, Hard-coal and Lignite
Fuel Briquettes and Refined Petroleum Products” (C19). The last category is the “no-patent industry”,
which does not produce patent applications. The industries of this category can be easily identified
in Tables 2 and 4. The ratio of the domestic market size for the three categories was calculated and is
summarized in Table 4. The analysis showed that the strong-, weak-, and no-patent industries divided
the Korean domestic market size by 29.3%, 33.0%, and 37.7%, respectively.

Table 4. Strong-, weak-, and no-patent industries and their market sizes.

Category Industry Code Fraction of Domestic
Market Size (%)

Strong-patent industries C15, C20, C21, C22, C23, C26, C27,
C28, C29, C30, C31, C32, C33, E, J 29.3

Weak-patent industries A, B, C10, C11, C12, C13, C14, C16,
C17, C18, C19, C24, C25, D, F 33.0

No-patent industries G, H, I, K, L, M, N, O, P, Q, R, S, T, U 37.7

Meanwhile, using the ratio of the number of businesses or employees, the relative intensity of
patent applications had the largest value in “Manufacture of Pharmaceuticals, Medicinal Chemicals,
and Botanical Products” (C21). Next, using the ratio of R&D investment or number of R-FTE,
the highest relative intensity was found for “Agriculture, Forestry, and Fishing” (A). Lastly, using
the ratio of the number of research institutions, “Manufacture of Tobacco Products” (C12) was the
most important.

5. DEA Analysis

5.1. Summary of the DEA Analysis

The input variables of the DEA analysis in our study were the six R&BD infrastructure variables
listed in Table 2; the output variable was the number of patent applications, and the decision making
unit was 30 industries categorized by the Korean Standard Industrial Classification code. DEA analysis
was performed using DEAP freeware for envelopment analysis [39]; the results are summarized in
Table 5. The three types of calculated efficiencies, and their meanings, are as follows: CRS TE for
technical efficiency from the CRS DEA, VRS TE for technical efficiency from the VRS DEA, and SE for
scale efficiency. On average, the pure technical efficiency of industries was 0.670, which meant that
a better reorganization of the industries could reduce input resources by 33.0%. In other words, the
Korean economy needs to be significantly reorganized for strong-patent industries. Similarly, there is
the possibility of reducing input resources from the viewpoint of scale. If an industry shows a pattern
of DRS, then it faces decreasing returns to scale. On the contrary, if an industry shows a pattern of IRS,
then it faces increasing returns to scale. The cause of inefficiency was determined as follows:

• IF VRS TE or CRS TE > SE then the cause of inefficiency is “Scale”.
• IF VRS TE or CRS TE < SE then the cause of inefficiency is “Pure technology”.

If the cause of inefficiency of an industry is scale, then the industry should improve its efficiency
by adjusting scale. If the cause of inefficiency is pure technology, then the industry should improve its
efficiency solely by adjusting technical factors. Best practices or peers in which the VRS TE is equal to
unity build up the efficiency frontiers. Table 5 identifies 13 efficient industries. The other industries
(i.e., DMUs) have room for further improvement in terms of efficiency.
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Table 5. Efficiency summary from DEA analysis.

CODE CRS TE VRS TE SE Returns to Scale Cause of Inefficiency

A 1.000 1.000 1.000 - -
B 1.000 1.000 1.000 - -

C10 0.288 0.289 0.996 DRS Pure technology
C11 0.154 1.000 0.154 IRS Scale
C12 1.000 1.000 1.000 - -
C13 0.139 0.243 0.574 IRS Pure technology
C14 0.097 0.176 0.552 IRS Pure technology
C15 0.890 0.961 0.926 IRS Pure technology
C16 0.561 1.000 0.561 IRS Scale
C17 0.087 0.414 0.209 IRS Pure technology
C18 0.243 0.718 0.339 IRS Pure technology
C19 0.289 0.298 0.970 IRS Pure technology
C20 0.441 0.492 0.896 DRS Pure technology
C21 1.000 1.000 1.000 - -
C22 0.365 0.366 0.996 DRS Pure technology
C23 1.000 1.000 1.000 - -
C24 0.257 0.265 0.972 IRS Pure technology
C25 0.243 0.255 0.956 DRS Pure technology
C26 0.609 1.000 0.609 DRS Scale
C27 1.000 1.000 1.000 - -
C28 0.864 1.000 0.864 DRS Scale
C29 0.558 1.000 0.558 DRS Scale
C30 0.245 0.251 0.976 DRS Pure technology
C31 0.578 0.586 0.988 IRS Pure technology
C32 0.707 0.787 0.898 IRS Pure technology
C33 1.000 1.000 1.000 - -
D 0.319 0.429 0.745 DRS Pure technology
E 1.000 1.000 1.000 - -
F 0.204 0.234 0.871 DRS Pure technology
J 0.320 0.322 0.994 DRS Pure technology

MEAN 0.549 0.670 0.820

CRS TE: technical efficiency from the CRS DEA; VRS TE: technical efficiency from the VRS DEA; SE: scale
efficiency = CRS TE/VRS TE.

5.2. Strategies for Improving Efficiency

DEAP software can identify the efficiency point or “projected value” for an industry. For an
industry to be efficient, the input resources of the industry should be changed to the efficiency frontier,
where the projected value is located. There are two types of change: “radial movement” and “slack
movement”. The former refers to “the movement an inefficient DMU has to take in order to be located
on the frontier” [20]. Slack movement represents “the additional movement a DMU located on a
segment of the frontier running parallel to the axis has to take in order to become efficient” [20].
The projected value or target value considers both movements. We can develop a strategy for an
industry to be efficient using the projected value and the original values of the input resources.
The input resources should be reduced by the difference between the projected value and the original
one by each input resource. The ratio of reduction is represented in Equation (7).

Reduction ratio (%) = (projected value− original value)/original value× 100 (7)

Table 6 lists the reduction ratio, or inefficiency, for each input resource. For example, “Manufacture
of Food Products” (C10) had a very low technical efficiency of 0.289. For it to become more efficient in
terms of patent applications, it should reduce the number of businesses, number of employees, R&D
investment, number of R-FTE, number of research institutions, and domestic market size by 88.6%,
75.7%, 71.1%, 75.4%, 71.1%, and 71.1%, respectively. Meanwhile, under the input orientation, the input
resources should always be changed or reduced for a DMU to become efficient. This method does
not indicate the required amount of increase of the input resources, which is a key limitation of the
method. Therefore, it is commonly used when there is a lack of resources.
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Table 6. Summary of inefficient input values.

CODE VRS TE
Inefficiency (%) by Input Variable

No. of
Businesses

No. of
Employees R&D R-FTE No. of Research

Institutions
Market

Size

C10 0.289 −88.60 −75.70 −71.10 −75.40 −71.10 −71.10
C13 0.243 −87.50 −82.80 −75.70 −85.60 −90.00 −75.70
C14 0.176 −94.30 −88.30 −82.40 −91.90 −92.00 −82.40
C15 0.961 −31.40 −3.90 −9.20 −3.90 −12.90 −3.90
C17 0.414 −58.60 −71.70 −58.60 −58.60 −64.70 −58.60
C18 0.718 −85.30 −75.80 −28.20 −62.40 −75.60 −28.20
C19 0.298 −70.20 −70.20 −81.90 −70.20 −73.90 −96.80
C20 0.492 −53.00 −57.70 −54.00 −50.80 −50.80 −82.80
C22 0.366 −65.10 −70.50 −78.80 −63.40 −63.40 −63.40
C24 0.265 −73.50 −84.50 −86.10 −73.50 −76.40 −73.50
C25 0.255 −84.60 −80.70 −74.50 −74.50 −74.60 −74.50
C30 0.251 −87.60 −90.60 −85.00 −83.90 −74.90 −74.90
C31 0.586 −64.30 −86.10 −41.40 −56.50 −41.40 −41.40
C32 0.787 −68.70 −38.30 −21.30 −24.90 −40.80 −21.30
D 0.429 −57.10 −84.40 −87.30 −82.90 −57.10 −81.50
F 0.234 −90.00 −91.20 −76.60 −76.60 −83.00 −76.60
J 0.322 −69.10 −81.30 −67.80 −77.10 −67.80 −67.80

The column headings are explained in the footnote to Table 2.

An industry should first identify the best practices, benchmarks or peers to improve its efficiency.
Peers are indicated as benchmarks in the DEAP software, and the peer weights are called “lambda
weights”. Table 7 lists the peers and their peer weights according to industry code. For instance,
to improve its efficiency, the “Manufacture of Food Products” (C10) industry should look to a “virtual”
industry comprising “Manufacture of Pharmaceuticals, Medicinal Chemicals, and Botanical Products”
(C21), “Agriculture, Forestry, and Fishing” (A), “Manufacture of Medical, Precision and Optical
Instruments, Watches and Clocks” (C27) and “Sewerage, Waste Management, Materials Recovery, and
Remediation Activities” (E) with peer weights of 2.7%, 21.3%, 7.2% and 68.7%, respectively. However,
because the virtual industry does not exist in reality, the focus necessarily falls to the peer with the
highest peer weight. For the example of “Manufacture of Food Products” (C10), the “Sewerage, Waste
Management, Materials Recovery, and Remediation Activities” (E) industry had the highest peer
weight and therefore should be intensively analyzed.

Table 7. Summary of peers.

Code
Peer Peer Weights

P1 P2 P3 P4 W(P1) W(P2) W(P3) W(P4)

C10 C21 A C27 E 0.027 0.213 0.072 0.687
C13 E C12 C16 0.251 0.605 0.144
C14 C12 C27 E 0.805 0.003 0.192
C15 C12 C27 E C33 0.550 0.397 0.053
C17 C12 C16 C11 B 0.052 0.275 0.672 0.001
C18 C12 E C16 0.582 0.023 0.394
C19 C12 A C27 C21 0.962 0.019 0.001 0.018
C20 C27 C21 C26 0.316 0.674 0.010
C22 E C21 C27 A 0.759 0.005 0.147 0.089
C24 E C27 A C12 0.018 0.071 0.423 0.488
C25 C23 E C33 C27 0.173 0.571 0.193 0.064
C30 A C21 C12 0.184 0.724 0.092
C31 A C21 E C12 0.076 0.379 0.100 0.445
C32 E C27 C12 0.485 0.023 0.492
D A C12 C21 0.257 0.733 0.009
F C27 E C23 C33 0.030 0.131 0.552 0.287
J C33 E C27 A 0.156 0.051 0.747 0.046
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Meanwhile, “Sewerage, Waste Management, Materials Recovery, and Remediation Activities”
(E) is listed 12 times as a peer and so achieved the first rank as a benchmark. The “Manufacture of
Tobacco Products” (C12) and “Manufacture of Medical, Precision and Optical Instruments, Watches
and Clocks” (C27) industries are each listed 11 times as a peer.

6. Discussion

Our literature review established that the determinants of patent applications are diverse,
complicated, and mutually correlated. Our study did not consider which variables were more
determinate than the others. However, we started from the assumption that the business opportunity
or domestic market size of a country can be one of the main determinants for patent applications.
Then, considering the domestic market size of each industry, we ranked the industries according to
their numbers of patent applications.

The industry with the most patent applications was the “Manufacture of Electronic Components,
Computer, Radio, Television and Communication Equipment and Apparatuses” (C26), which achieved
the first rank in R&D investment and number of R-FTE while taking the fourth rank in the domestic
market size among 30 industries, except for the no-patent ones. The above simple fact tells us that
patent applications are important in the R&D-intensive industries and that the domestic market size is
not the most deterministic factor for patent applications. Nevertheless, we argue that it is important
to compare patent applications with domestic market size because a patent does essentially have
business opportunities in mind. Our study classified all of the industries into the three categories of
strong-, weak-, and no-patent industries. Notably, the representative strong-patent industry includes
the pharmaceutical or medical one. It implies that those industries are R&D-intensive, while their
domestic market sizes are smaller than other examples of well-developed industries in South Korea.

Meanwhile, this study aimed to identify some patent-strengthening strategies for inefficient
industries using the DEA method. In Table 4, strong-, weak-, and no-patent industries were categorized
based on the relative intensities of patent applications compared to domestic market sizes. However,
it is difficult to state that the domestic market size is the most dominant variable for patent applications.
As mentioned earlier in this paper, what variable is dominant to patent applications is not at the center
of our attention, but rather what strategies can be devised to enhance the number of patent applications.
Therefore, it is more realistic to establish some strategies to enhance patent applications using diverse
variables that affect patent applications. The DEA method proposes that an inefficient entity, industries
in our study, can be made efficient via benchmarking the frontiers or peers that have efficiency scores
of 100%. Our DEA discovered 13 peers, eight of which were used as benchmarks. Three of the eight
industries belonged to the weak-patent sector, while five belonged to the strong-patent industry. Let
us examine why those three industries belonged to the weak-patent industry, leaving the other five
industries aside because it is reasonable for them to have belonged to the strong-patent industry.
The three industries were as follows: (1) “Manufacture of Tobacco Products” (C12); (2) “Agriculture,
Forestry, and Fishing” (A); and (3) “Manufacture of Wood Products of Wood and Cork; Except
Furniture” (C16). We identified that the relative intensities of the “Manufacture of Tobacco Products”
(C12) industry compared to the number of businesses and research institutions were number two
and number one among the 30 industries, respectively. Likewise, R&D investment and number
of R-FTEs ranked the highest for the “Agriculture, Forestry, and Fishing” (A) industry. Lastly,
the “Manufacture of Wood Products of Wood and Cork; Except Furniture” (C16) industry ranked
fourth in relative intensity compared with R&D investment. However, when normalized against the
domestic market sizes of the three industries, the relative intensities were located within the upper
ranks of the weak-patent industries.

Strategies developed through DEA can be helpful in adjusting the R&BD infrastructure to change
a weak-patent industry into a strong one. However, this analytical method has an input orientation,
which leads to a focus on decreasing input resources. Input-oriented DEA is popular with a government
sector facing a lack of economic resources. However, it is a weakness from the viewpoint of research
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methodology. Our study considered only the data produced within the year 2013 and was composed
of statistical variables available through the Korean Standard Industrial Classification. Furthermore,
some of the weak-patent industries, we surmise, do not need to have strong relationships with patent
applications, i.e., a company belonging to the weak-patent industry may have no difficulty in doing
business without a patent. Therefore, it is impractical to generalize and apply our results to all cases.
In conclusion, we believe that our study will be helpful to those industries where protection by patents
is an important aspect of their businesses. By the way, a pilot analysis with different data [40] and the
main results [41] of this paper were previously reported.

7. Conclusions

This paper introduces a practical framework to support academics and practitioners.
For academics, the concept of the relative intensity of patent applications can be helpful in measuring
technology innovation. We exemplified the classification of Korean industries into three categories,
strong-, weak-, and no-patent industries, using the relative intensity of patent applications. Moreover,
we emphasize that patents, according to the nature of the patent system, are essentially more associated
with domestic market size rather than sales or GDP. For practitioners, this paper offers a benchmarking
method to increase industry output, especially in terms of patent applications, at the industry level.
This framework can be helpful especially to policy practitioners facing a lack of economic resources
and difficulty in the distribution of resources.

The DEA results also provide some policy implications. In manufacturing, there is no no-patent
industry. Thus, it seems patents are an important factor in all manufacturing industries. Nevertheless,
there are some industries having very low technological efficiency, below 0.3, among manufacturing.
The seven industries we identified are “Manufacture of Food Products” (C10), “Manufacture of
Textiles, Except Apparel” (C13), “Manufacture of Wearing Apparel, Clothing Accessories, and Fur
Articles” (C14), “Manufacture of Coke, Hard-coal, and Lignite Fuel Briquettes, and Refined Petroleum
Products” (C19), “Manufacture of Basic Metal Products” (C24), “Manufacture of Fabricated Metal
Products, Except Machinery and Furniture” (C25), and “Manufacture of Motor Vehicles, Trailers,
and Semitrailers” (C30). We suggest that these industries need active patent-enhancing strategies and
this paper will be helpful in that regard.
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