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Abstract— This study aims to measure the industrial convergence
coefficient (ICC) in light of the current -convergence
environment. To that end, 2011 Korean patent data were
utilized. The research findings revealed that the ICC by industry
was the highest in order of paints/varnishes, man-made fibres,
petroleum products/nuclear fuel, tobacco products, other
chemicals, wood products, and basic chemicals. Also, according
to the inter-industry convergence matrix, the number of
convergence patents was the greatest in order of office machinery
and computers, electronic components, and special purpose
machinery industries.
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I. INTRODUCTION

In recent years, the two topics of convergence and
consilience have become widespread across all sectors of our
society. Notably, according to technological development and
globalization, diverse attempts are being made to create new
spheres and new technologies in strategic association with
knowledge and technologies in specific areas. Although the
term convergence is used widely and has become one of the
most important trends in contemporary society, the term is
used with different meanings in different contexts[1]. Thus,
Fredric et al. (2009) classifies convergence into four
categories, namely, Knowledge Convergence, Technology
Convergence, Applicational Convergence, and Industrial
Convergence[2]. Of these, Industrial Convergence is
considered the most important in terms of the economy. This
study seeks to use patent information and measure Industrial
Convergence, and to examine how much convergence has
progressed in specific industries.

II. THEORETICAL BACKGROUND

A. Linking Technology and Industries Using Patent
Information

At the international level, most economic indicators such as
turnover, investment, employment, productivity, value added,
R&D expenditure etc. are classified by industrial sector. In
contrast, some of the most frequently used indicators for
technology are based on patent statistics, which are classified
according to the International Patent Classification (IPC)[3].
When performing an economic analysis using patent data, it is
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necessary to convert an IPC system into an industry
classification system suitable for economic analysis[4].

Attempts to link IPC and industries have been made by
Evenson & Puttman (1988), Verspagen et al. (1994), Johnson
(2002), etc. [5], [6], [7]. However, these studies are based on
certain nations' industry classifications or have the limitation
of not involving a specific IPC classification. Thus, Schmoch
et al. (2003), in conjunction with three EU research institutes,
such as Germany's Fraunhofer ISI (Fraunhofer Institute for
System and Innovation Research), France's OST
(Observatioire des Sciences et des Techniques), and Britain's
SPRU (University of Sussex, Science and Policy Research
Unit), completed an array of technology-industry linkage
work and published the outcomes in the form of a European
Commission Report [3]. They attempted to match 625 IPC
sub-classes with 44 classifications of manufacturing
businesses. As a method of matching with the most important
industries on a one-on-one basis, they matched each IPC sub-
class with only one industry classification.

Herein, the analysis of the industrial convergence
coefficient (ICC) is based on the study by Schmoch et al.
(2003). However, IPCs may be newly created or amended due
to the appearance of new technologies and changes in
technology classification. Thus, if the current IPC system is
matched with the research findings of Schmoch et al. (2003)
by industry, unmatched IPCs are created. For instance, GO6Q
(Data Processing system or Method), H04W (Wireless
Communications Networks), B60W (Conjoint Control of
Vehicle Sub-Units of Different Types or Functions), etc. are
not linked with specific industries, if based on the study by
Schmoch et al. (2003). Thus, this study intuitively linked IPCs
- which appeared after the study by Schmoch et al. (2003) -
with industries, thus completing an IPC-Industrial Sector
linkage table. (See Table 1)

TABLE 1. ASSOCIATION OF SECTORAL FIELDS ACCORDING TO SUB-

CLASSES OF IPC

No| Description IPC Code(Based Sub-class)

IAOTH, A21D, A23B, A23C, A23D, A23F, A23G, A23J,
IA23K, A23L, A23P, C12C, CI2F, C12G, C12H, C12J,
CI3F, C13J, C13K

Tobacco products |A24B, A24D, A24F

ID04D, D04G, DO4H, D06C, D06J, DO6M, DO6N, DO6P,
D06Q

IA41B, A41C, A41D, A41F
|IA43B, A43C, B68B, B68C

Food, beverages

~o

3 Textiles

4 | Wearing apparel

w

Leather articles
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6 Wood products  |B27D, B27H, B27M, B27N, E04G Television and radio
7 i l?aperA i IB41M, B42D, B42F, B44F, D21C, D21H, D21J 36 receivers, GO3H, H03J, HO4H, HOAN, HO4R, HO4S
8 |Publishing, printing audiovisual
Petroleum products, electronics
O | nuclear fuel 0106, CI0L, GOIV AGIB, AGIC, AGID, AGIF, AG1G, AGIH, AG1J, AGIL,
BO1J, BO9B, BO9C, B29B, CO1B, CO1C, CO1D, COIF, 37 | Medical equipment |[AGIM, AGIN, AG2B, BOIL, B04B, C12M, GOIT, G21G,
CO1G, CO2F, COSB, CO5C, COSD, COSF, C05G, CO7B, G21K, H05G
10| Basic chemical (CO7C, COTF, CO7G, CO8B, CO8C, CO8F, C08G, C08J, 33|  Measuring  [FISC, GOIB, GOIC, GOID, GOIF, GOTH, GO1J, GOIM,
COSK, CO8L, C09B, C09C, C09D, CO9K, C10B, C10C, instruments __(GOIN, GOIR, GO1S, GOIW, G12B
_ C10H, C101, C10K, C12S, C25B, F17C, F17D, F25], G21F 39/ Industrial process |00 oo ok Gose
1 Pesticides, agro- AOIN control equipment
chemical products 40 | Optical instruments |G02B, G02C, G03B, G03D, GO3F, GO9F
12| Paints, varnishes |B27K 41| Watches, clocks |G04B, G04C, G04D, GO4F, G04G
5l Ph iicals [AGTK, AGIP, CO7D, CO7H, C07J, CO7K, CI2N, CI2P, B60B, B60D, G60G, B60G, B60H, B60J, B60K, B6OL,
armaceuticals lo2q 2| Motor vehicles B6ON; B60P, B60Q, B6OR, B60S, B6OT, B6OW, B62D,
14 Soaps, detergents, CO9F. C11D. DOSL IEO1H, FOIL, FO1IM, FOIN, FO1P, FO2B, F02D, FO2F,
toilet preparations ’ ’ F02G, FO2M, FO2N, FO2P, F16], GO1P, GO5D, G05G
[AG2D, C06B, C06C, CO6D, COSH, C09G, CO9H, C097, B60F, B60V, B61C, B61D, B61F, B61G, B61H, B611,
15| Other chemicals (C10M, C11B, C11C, C14C, C23F, C23G, D0IC, F42B, 43| Other transport  B61K, B62C, B62H, B62J, B62K, B62L, B62M, B63B,
F42D, G03C equipment  [B63C, B63H, B63], B64B, B64C, B64D, B64F, B64G,
16 | Man-made fibres |DOIF [E01B, F02C, FO2K, FO3H
|7 | Rubber and plastics [A45C, B29C, B29D, B60C, B63D, B67D, E02B, FI6L, IA41G, A42B, A44C, A45B, A45F, A46B, A46D, A47B,
products H02G 44 |Furniture, consumer A47C, A47D, A47F, A63B, A63C, A63D, AG3F, A63G,
1g|  Non-metallic [B24D, B28B, B28C, B32B, C03B, C03C, C04B, E04B, goods IAG3H, A63], AG3K, B43K, B43L, B44D, B62B, B68G,
mineral products |E04C, E04D, E04F, G21B CO6F, F23Q, G10B, G10C, G10D, G10F, G10G, G10H
B21C, B21G, B22D, C21B, C21C, C21D, C22B, C22C,
19| Basic metals  (C22F, C25C, C25F, C30B, DO7B, EO3F, E04H, F27D,
HO1B
IAOIL, A44B, A47H, A47K, B21K, B21L, B22F, B25B, B. Measurement of ICC
B25C, B25F, B25G, B25H, B26B, B27G, B44C, B6SF, C s induced th h inter-discioli h
50| Fabricated metal [B§2B, C23D, C25D, EOID, EOIF, E02C, EO3B, E03C, ~onvergence 1s induced through iter-disciplinary research,
products  [E03D, E0SB, E05C, EOSD, EOSF, E05G, E06B, FOIK, which generally means a chemical combination of
oy F168, FIGP, FI6S, FIGT, F178, F22B, £226, F241, technologies of different characteristics, and which is
B23F, FO1B, FO1C, FO1D, FO3B, F03C, FO3D, F03G, distinguished from joint research on different spheres, namely,
21 | Energy machinery [F04B, FO4C, F04D, F15B, FI6C, FI16D, F16F, F16H, multidisciplinary ~ research. ~Technological —convergence
F16K, F16M, F23R . .
IA62C. BOID, BOAC, BOSB, B61B, B65G, B66B, B66C, consists of the convergence of homogeneous technologies and
' B66D, B6GF, C10F, C12L, F16G, F22D, F23B, F23C, the convergence of heterogeneous technologies. The
2 N"“'Sp“if‘c F23D, F23G, F23H, F23J, F23K, F23L, F23M, F24F, vereen £ homooen technologies refers to th
purpose machinery ey 1y posB, F278B, F28B, F28C, F28D, F28F, F25G, convergence ol homogeneous technologies reters to the
GO1G, HOSF multifunctional combinant convergence of same-category
23 Agricultural find IAO1B, AO1C, A01D, AOLF, A01G, A01J, AOIK, AOIM, technologies[S].
forestry machinery B27L
B21D, B21F, B21H, B21J, B23B, B23C, B23D, B23G, In recent years, research has been conducted to use patent
24| Machine-tools  [B23H, B23K, B23P, B23Q, B24B, B24C, B25D, B25, information and examine the extent of technological
B26F, B27B, B27C, B27F, B27J, B28D, B30B, E21C d technological di Fcai Alf &
A21C. A2DB. A22C. AD3N. A24TL A4IIL A4OC. A43D, convergence and technological diversification. onso
BO1F, BO2B, B02C, BO3B, B03C, B03D, BO5C, BOSD, Salvatore (1998) measured technological diversification
BO6B, BO7B, B07C, BOSB, B21B, B22C, B26D, B31B, : :
B31C. B31D, B31F. BAIB, BAIC. BALD, BALF. BAIG, according to ‘Fhe pumber of.patents in five seqtors (Computers,
55| Special purpose  B41L, B4IN, B42B, B42C, B44B, B65B, B65C, B6SH, Telecommunications Equipment, Electronic Components,
machinery  [B67B, B67C, BOSF, C13C, C13D, C13G, CI3H, C14B, Other Electronics, Non-Electronic Technologies)[9]. Kim &
C23C, DO1B, DO1D, DO1G, DO1H, D02G, D02H, D02J, . . .
D03C, D03D, D03J, D04B, D04C, DO5B, D05C, D06B, Hwang (201 1), using patent lnformatlon, measured the ICC of
D06G, DOGH, D21B, D21D, D21F, D21G, E01C, E02D, information technology by industry. They defined it as IT-
[EO2F, E21B, E21D, E21F, FO4F, F16N, F26B, HOSH based technol h IT-based patented
5s|  Weaponsand  [B63G, FAIA, F4IB, F4IC, FAIF, F41G, F4IH, F41J, F42C, ased convergence technology when an ll-based patente
ammunition  (G21J technology has one or more IPC sub-classes related to
27 IDomestic appliances’ -1 B> 443D, A47G, A47J, A47L, BOIB, DOGF, E06C, industries other than the IT industry.[4] This is due to the fact
F23N, F24B, F24C, F24D, F25C, F25D, HO5B . .
B41J, B41K, B43M, GO2F, G03G, GO5F, GO6C, GO6D, that IPC sub-classes, when assigned to a given patented
5g | Office machinery GO6E, GO6F, GO6G, G06J, GO6K, GO6M, GO6N, G06Q technology, belong to different industry fields, indicating that

and computers

GO6T, GO7B, GO7C, GO7D, GO7F, GO7G, G09D, G09G,
G10L, G11B, HO3K, HO3L

Electric motors,

29 generators, IHO2K, HO2N, HO2P
transformers
30 Electric dlgtrlbutlon, HOLH, HOIR, HO2B
control, wire, cable
31 Accumulators, HOIM
battery
3p| Lightening o)1y b 1k F21L, F21M, F21S, F21V, HOIK
equipment
33 Other electrical  |B60M, B61L, F21P, F21Q, G08B, G08G, G10K, G21C,
equipment G21D, HO1T, HO2H, HO2M, HO5C
34|  Flectronic —peip BRIC, GI1C, HOIC, HOIF, HOIG, HOLJ, HOLL
components
Sienal transmission. G09B, G09C, HO1P, HO1Q, HO1S, H02J, HO3B, HO3C,
35|18 . . ’HO03D, HO3F, HO3G, HO3H, HO3M, H04B, H04J, HO4K,
telecommunications

HO4L, HO4M, H04Q, HO4W, HOSK
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the patented technology is a convergence technology that is
applied in diverse industries.

Generally, a patent, when filed, is assigned an IPC, which
may be single or plural. Notably, if the filed patent technology
sphere is unclear, a greater number of IPCs will be alloted.
Also, a patent that receives plural IPCs has a main IPC which
represents the plural IPCs.

Thus, this study seeks to measure the following industrial
convergence on top of the research by Kim & Hwang (2011).
Specifically, when an IPC, having received a specific patent,
is linked to different industries, it is defined as industrial
convergence. For instance, in the case of a patent A which has
received two IPCs, whereby the first IPC (assumed as the
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main IPC) is matched with industry I, and the second IPC with
industry J, then patent A is defined as a technology belonging
to industry I and simultaneously as a technology converging
with industry J. This study has named these patents as
industrial convergence patents.

This study defines ICC as the ratio of industrial
convergence patents to the total number of patents in one
industry.

III. RESEARCH METHODOLOGY

To measure industrial convergence, this study performed
the following procedures: (1) Data on Korean patents filed in
2011 were gathered from the Korea Institute of Science and
Technology Information's National Discovery for Science
Leaders (NDSL) Database[10]; (2) IPC sub-classes were
extracted from the gathered patent data; (3) Based on the main
IPC sub-class of the IPC sub-class, each patent was matched
with each industry; and finally, (4) the ICCs were analysed.

IV.RESULTS

The ICCs as measured in this study are outlined in Table 2.
Table 2 presents the ISN (Industrial Sector No.), NOP
(Number of Patents), NICP (Number of Industrial
Convergence Patents), and ICC (Industrial Convergence
Coefficient).

ICCs from a total of 44 industries were measured, for
which the total average ICC was found to be 0.344
(15,561/45,202). The ICCs were highest in order of
paints/varnishes (1.000), man-made fibres (0.844), petroleum
products/nuclear fuels (0.811), tobacco products (0.797), other
¢ hemicals (0.621), wood products (0.616), basic chemicals
(0.593), other transport equipment (0.582), industrial process
control equipment (0.548), and optical instruments (0.543).
Overall, industries with a smaller number of patents had
higher industrial convergence levels, suggesting that this trend
is related to the characteristics of convergence coefficient
measurement.

TABLE 2. CONVERGENCE COEFFICIENT BY INDUSTRY

17 | 1,711 | 606 ]0.354 39 177 97 10.548
18 1,349 | 518]0.384 40 |1,135] 616 |0.543
19 925 | 45910.496 41 27 5 10.185
20 | 1,856 | 719]0.387 42 11,424| 482 |0.338
21 | 1,106 | 311]0.281 43 558 325 ]0.582
22 | 1,753 | 692]0.395 44 11,123 257 [0.229

Of these, industries with more than 500 patents and
industries with greater ICCs than the average were analyzed,
resulting in Table 3. As shown in Table 3, most of the
industries are linked with diverse industries. Notably, high
linkage levels can be found in non-specific purpose machinery,
special purpose machinery, office machinery and computers,
electronic ~ components, signal  transmission, and
telecommunications.

At the same time, according to the analysis of related
convergence  industries, namely, the inter-industry
convergence matrix, the related convergence industries with
the largest number of convergence patents are office
machinery and computers, electronic components, and special
purpose machinery in that order. The ICT industry has a high
convergence level (See Fig 1.). In Figure 1, Industrial Sector
No. 45 means that one patent links to three or more industries.
In Figure 1, the vertical axis refers to the main IPC-based
industries, and the horizontal axis shows industries nos. 1 to 3,
where the largest number of patents belonging to each
industry are converged.

TABLE 3. RELATED CONVERGENCE INDUSTRY BY MAJOR INDUSTRY

Related Convergence Industry

Industrial Sector

No. by Major Industry(ICC)

Basic chemical

22(0.090), 34(0.072), 17(0.032)

Furniture, consumer goods

21(0.063), 22(0.048), 1(0.038)

Optical instruments

28(0.157), 34(0.109), 36(0.057)

Basic metals

34(0.069), 25(0.064), 18(0.055)

Machine-tools

25(0.055), 2(0.046), 34(0.036)

Other electrical equipment

28(0.055), 35(0.040), 37(0.009)

ISN_| NOP | NICP | ICC | | ISN | NOP | NICP | 1CC Measuring instruments 34(0.049), 35(0.052), 28(0.039)
1 814 181 ]0.222 23 772 283 10.367 - -
2 64 51 10.797 24 1,051 488 10464 Special purpose machinery 17(0.048), 34(0.038), 18(0.030)
3 106 37 | 0.349 25 2,187 864 10.395 Non-specific purpose machinery 1(0.054), 27(0.039), 1(0.028)
4 1] 2710243 |] 26 89 31 10.348 Fabricated metal products 18(0.035), 25(0.034), 22(0.027)
5 135 25 | 0.185 27 |1431 403 10.282 Non-metallic mineral products 25(0.049), 19(0.042), 2(0.038)
6 151 93 10.616 28 |5,215| 1,085 [0.208
7 137 58 10423 79 346 122 10353 Accumulators, battery 1(0.109), 42(0.038), 18(0.019)
8 0 0 |0.000 30 626 195 [0.312 Agricultural and forestry machinery | 22(0.067), 1(0.043), 17(0.027)
9 95 77 10.811 || 31 | 795| 303 |0.381 Rubber and plastics products 2(0.041), 19(0.036), 1(0.026)
10 2,587 1,533 |0.593 32 652 124 {0.190
11 80 24 10.300 33 548 225 10.411
12 8 8 [1.000 34 14,312| 1,048 |0.243
13 | 1,542 | 348 |0.226 35 |3,411] 1,053 [0.309
14 58 17 10.293 36 |1,337 399 10.298
15 298 185 | 0.621 37 |1,404 485 10.345
16 32 27 10.844 38 |1,664 675 [0.406
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V. CONCLUSIONS

ﬁT\ KENEEEREE r
; Jﬁ--j i To measure the extent of industry convergence, this study
i . . . .

- NEEEN ks defined the ICC, and thus examined how actively industrial
1 convergence was conducted, using the ICCs. To that end, the

Y " patent database provided by KISTI's NDSL was used. The

§| N il research findings revealed that the total average ICC was

3 & 0.344, and that the ICC by industry was highest in order of

. . " : paints/varnishes, man-made fibres, petroleum

! :nr products/nuclear fuel, tobacco products, other chemicals,

T ™ . .

T L wood products, and basic chemicals. Also, the related
. n convergence industries with the largest number of
T Y ¥ convergence patents were office machinery and computers,

Lo . . . .
7 T p electronic components, and special purpose machinery in that
7 1 ¥ order.
il [
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Figure 1. Inter-Industry Convergence Matrix
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