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(Table 2) Data structure
—_ Range of | Range after
Detailed index | Role Type 9 g. )
values | normalization
Representative
training i
raming Property | Discrete 0~65 min-max
the same
industry
Technical
Development
. -0.503~ .
Department | Property | Continuos min-max
. 55.772
Operating
Years
Number of
patent Property | Discrete | 0~32137 | min-max
registrations
Number of
patent Property | Discrete |[0~114,931| min-max
applications
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Detailed ind Rol T Range of | Range after A, 7SR YT o2 T4
ST L | vales jromaizaton| g % 13714 9o} R&DYFFE 2H] Sl
Whether or FHE gY@ Wt 16795, A7
not utility Property |Categorical| 0, 1 0, 1 -
model is [ Po Y (A8 : ’ s, 7| QERF AR B/ RER, A2 104
registered 5
o 2ol 7114 n ek RaDHF ol th dlol
ether or
e 2 B= X do H o A= BE5rge
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N ~ BE2w30 H|£F [} =
x ei‘sg;Dratio Property | Continuos 1?3?3668 min-max TIT-0w ] 0}7%]4— giasnl E“ ]E1 ]a L
. : o2 BolFe Aow 7t F3E 54¢ e}
Number of
technica 0 atol BRIHE S i 53 & ATl
commercializ | Property | Discrete min-max
SO 147,068 = T (cluster)®] TE Aol At EAo]
achievements 753t K-Means'HH S &-83}93th
Number of
o NeA oz el gel Fozo A%, 2
. . Property | Discrete | 0 ~ 100 | min-max _
cetificatons A 7 24 gske] BAL Sl
and awards
Company _ ATt & ATolH FAT 13711 40 thelA
Property |Categorical 1~8 1~8
scale FRAA BHE B 953 HRE 2=
Industry . | A01~S96 | A01~S96
gk == g~ ooF EA
classification Property | Categorical (68) (68) R&DHF & Fefj2~ete] A2k R&DH
Business HEE 2] 78S aEste £4 137]'7{], 117}
type Property | Categorical 1~4 1~4 =] 1 =
classification XL 107]'7(];:‘ }\]"Q‘Ol'oq 7]'7*} V‘?__}‘\jl% ;\{_I_BE Ol'%r/]'-
Emspilzoeyee Property | Discrete [1~103,929| min-max
MW corr=-1 "
R&D . S-point 5| |8
Capability Class |Categorical 1~5 scale | gg%
8 gé% Er
N W ocor =+l L i fe
R&DE 2 F0] ol Bxt 54 Mzl 4 Heledy | | |25
|8 5| g|5[2f Kl
S 20ME9), 40MEL] (0HE-S], OIS, 100 el | :
- HEEEE e NE [ 5
08 A 881907] vzl e TE3 BANE X son <o H”Emg%
= . . . . ® 5| x| 5|5[ n & 8| 2| 2| Bl =
1EH o 7% EFuniform distribution)S EEE el

R&Dgt

h

diolejotoldS &
EM EMM
=o O

0t
o

dlolEjrtold & o §3te] A FUF FA

Representative training in the same industry
Mumber of patent registrations

Mumber of patent applications

Murnber of technical cormmercialization achievernents
Mumber of technology certifications and awards
Technical Development Department Operating Years
Business type classification

Employee size

R&D expense ratio

Whether or not utility model is registered

Whether or not utility model is applied

Company scale

Industry classification

(Figure 1) Correlation analysis
between 13 attributes
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(Table 3) The detail of correlation analysis

e | i

- 0027 |- 0057 |- 0040 | 0.112 |- 0.020 |- 0087 | 0041 |- 0045 | 0013 | 0082 |- 0.087 |- 0087

1000 | 0842 | 0954 | 0268 | 0398 | 0.108 | 0302 | 0209 | 0260 | 0280 |- 0.044 |- 0024

0842 | 1000 | 0313 | 0183 [ 0408 | 0100 | 0272 | 0231 | 0219 | 0335 |- 0016 |- 0002

0954 | 0213 | 1000 | 0253 [ 0436 | 0115 | 0305 | 0305 | 0263 | 0319 |- 0.037 |- 0005

0268 | 0153 | 0253 | 1000 | 0074 | 0025 | 0109 | 0138 | 008s | 0077 |- 0089 |- 0175

0396 | 0409 | 0436 | 0074 | 1000 | 0.110 | 0362 | 0266 | 0104 | 057 |- 0.102 |- 0030

0106 | 0100 | 0115 | 0025 | 0110 | 1000 | 0170 | 0090 | 0021 | 0034 |- 0.110 | 0052

0302 | 0272 | 0306 | 0109 | 0362 | 0.170 | 1000 |- 0072 | 0124 | 070 |- 0.400 |- 0084

0299 | 0231 | 0305 | 0136 | 0266 | 0080 [-0072 | 1000 | 0035 |-0006 | 0080 | 0089

0260 | 0219 | 0263 | 0085 | 0104 | 0.021 | 0124 | 0035 | 1000 | 0328 |- 0.012 |- 0054

0280 | 0335 | 0319 | 0077 | 0157 | 0.034 | 0170 |- 0006 | 0328 | 1000 |- 0.004 |- 0101
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(Table 5) Comparison of R&D competency level
characteristics by cluster

Level |cluster_O|cluster_1|cluster_2|cluster_3|cluster_4

Level 1 833 14 408 1,284 13
Level 2| 762 93 330 1,326 44
Level 3 876 244 270 1,057 102
Level 4| 865 473 318 706 191
Level 5| 521 765 505 376 384

Labeling for R&D
competency level

cluster count ratio rank | count ratio

K-Means clustering

cluster 1 1,589 | 12.45% 1 1,475 | 11.56%
cluster 0 | 3,857 | 30.23% 3,919 | 30.71%
cluster 3 | 4,749 | 37.22% 4,001 | 31.35%

N S I )

cluster 2 | 1,831 | 14.35% 2,757 | 21.60%
cluster_4 734 5.75% 5 609 4.77%
Total 12,760 | 100.00% | Total | 12,761 | 100.00%

Total 3,857 1,589 1,831 4,749 734
High
level

359% | 77.9% | 44.9% | 22.8% | 78.3%

Low

41.4% 6.7% 40.3% | 55.0% 7.8%
level

<Table 5>2] ZA3}E RH, cluster 13} cluster 4
o] Feis B, RADYF F

22 T1.9%, 78.3%, AT T W 7Ide2

=0l &2 719E0l
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(Table 6) Characteristics of each cluster and properties of R&D capbilities

Cluster Cluster features Characteristics of competency attributes
- The representative's training in the same industry has a stable occurrence structure
and a tendency to work for a long period of time.
The ratio of high |- The number of technical certifications is generally small
and low - The R&D department's maintenance period is relatively long, and the frequency of
cluster 0 | competence level. is| occurrence is low. . o )
- similar (the ratio |- The frequency of occurrence of private companies is relatively low
of low is slightly |- Low incidence of small-scale employees
higher) - The annual average R&D expense ratio is low
- No experience in utility model registration and application
- There are types of large and medium-sized companies with similar ratios
- The frequency of occurrence is relatively low when the representative's years of
employment in the same industry are relatively stable.
- The number of patent applications and technology commercialization is relatively small.
High competency |- Low incidence of private companies
cluster 1 . :
- level - No incidence of non-profit corporation type
- No incidence of public institution type.
- High incidence of small-scale employees
- Many types of small and medium enterprises
- The representative's training in the same industry has a stable occurrence structure
and a tendency to work for a long period of time.
- The number of patent registrations tends to be low, similar to cluster 0
The ratio of the |- Technology certifications tend to be generally low
high and low - The R&D department's maintenance period is short or long
cluster 2 competence lev§l is | - High incidence rate for private e}nd _geperal corporation types at similar rates
= similar (the high |- The number of employees held is similar to cluster 0 and is low
ratio is slightly |- The annual average R&D expense ratio is low
higher) - The ratio of the availability of utility model registration and application experience is
similar
- Medium-sized enterprises, small business owners, and types of protected medium-sized
enterprises at a similar rate
- The frequency of occurrence is relatively high when the representative's years of
employment in the same industry are relatively stable.
- The number of technology -certifications is relatively high, and the frequency of
occurrence is also high.
- High incidence of private enterprise type
Low competency |- No incidence of non-profit corporation type
cluster_3 . AR
- level - No incidence of public institution type.
- High incidence of small-scale employees
- There are a few companies with a large annual average R&D expenditure ratio
- More than 5 times the ratio of no experience compared to the experience of applying
for a utility model
- Many types of small and temporary small and medium enterprises
- The frequency of occurrence is relatively low when the representative's years of
employment in the same industry are relatively stable.
- The number of patent applications and technology commercialization is relatively high
- Low incidence of private enterprise type
High competency |- No incidence of non-profit corporation type
cluster_4 . L
- level - Low incidence of public institution types
- The incidence of small-sized employees is high, and the incidence of large-sized
employees is low, but it exists.
- Only having experience in registering a utility model exists
- Many types of large and medium enterprises

14
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Abstract

A Study on the Characteristics of Enterprise
R&D Capabilities Using Data Mining

Sang-Gook Kim* - Jung-Sun Lim** - Wan Park***

As the global business environment changes, uncertainties in technology development and market
needs increase, and competition among companies intensifies, interests and demands for R&D activities of
individual companies are increasing. In order to cope with these environmental changes, R&D companies
are strengthening R&D investment as one of the means to enhance the qualitative competitiveness of R&D
while paying more attention to facility investment. As a result, facilities or R&D investment elements are
inevitably a burden for R&D companies to bear future uncertainties. It is true that the management strategy
of increasing investment in R&D as a means of enhancing R&D capability is highly uncertain in terms
of corporate performance. In this study, the structural factors that influence the R&D capabilities of
companies are explored in terms of technology management capabilities, R&D capabilities, and corporate
classification attributes by utilizing data mining techniques, and the characteristics these individual factors
present according to the level of R&D capabilities are analyzed. This study also showed cluster analysis
and experimental results based on evidence data for all domestic R&D companies, and is expected to
provide important implications for corporate management strategies to enhance R&D capabilities of
individual companies. For each of the three viewpoints, detailed evaluation indexes were composed of 7,
2, and 4, respectively, to quantitatively measure individual levels in the corresponding area. In the case
of technology management capability and R&D capability, the sub-item evaluation indexes that are being
used by current domestic technology evaluation agencies were referenced, and the final detailed evaluation
index was newly constructed in consideration of whether data could be obtained quantitatively. In the case
of corporate classification attributes, the most basic corporate classification profile information is
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considered. In particular, in order to grasp the homogeneity of the R&D competency level, a comprehensive
score for each company was given using detailed evaluation indicators of technology management
capability and R&D capability, and the competency level was classified into five grades and compared with
the cluster analysis results. In order to give the meaning according to the comparative evaluation between
the analyzed cluster and the competency level grade, the clusters with high and low trends in R&D
competency level were searched for each cluster. Afterwards, characteristics according to detailed evaluation
indicators were analyzed in the cluster. Through this method of conducting research, two groups with high
R&D competency and one with low level of R&D competency were analyzed, and the remaining two
clusters were similar with almost high incidence. As a result, in this study, individual characteristics
according to detailed evaluation indexes were analyzed for two clusters with high competency level and
one cluster with low competency level. The implications of the results of this study are that the faster the
replacement cycle of professional managers who can effectively respond to changes in technology and
market demand, the more likely they will contribute to enhancing R&D capabilities. In the case of a private
company, it is necessary to increase the intensity of input of R&D capabilities by enhancing the sense of
belonging of R&D personnel to the company through conversion to a corporate company, and to provide
the accuracy of responsibility and authority through the organization of the team unit. Since the number
of technical commercialization achievements and technology certifications are occurring both in the case
of contributing to capacity improvement and in case of not, it was confirmed that there is a limit in
reviewing it as an important factor for enhancing R&D capacity from the perspective of management.
Lastly, the experience of utility model filing was identified as a factor that has an important influence on
R&D capability, and it was confirmed the need to provide motivation to encourage utility model filings
in order to enhance R&D capability. As such, the results of this study are expected to provide important
implications for corporate management strategies to enhance individual companies' R&D capabilities.

Key Words : Data mining, cluster analysis, R&D capability, technology management capability, enterprise

classification attribute
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