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Analysis of Determinants of Technological Innovation for SMEs

Using Corporate Panel DB
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Abstract

In SMEs, technological innovation is recognized as an important tool in terms of sustainable growth. This
study analyzed the determinants of technological innovation by using the information of the corporate panel
DB composed of local SMEs. The internal factors were added with technological innovation capacity and
production capacity and the industrial cluster environment was first applied to external factors. Also,
whether the industrial cluster environment influences technological innovation through R&D capabilities, the
mediating effect was tested with the Sobel Test. Among the internal and external factors, the most
important determinant was marketing ability, and a policy was proposed to develop measures to increase
R&D capability with mediating effect. Among the technological innovation variables, which are dependent
variables, the most determinant factor was the proportion of new product sales. For this, it is considered
that additional research such as longitudinal research with the concept of repetition and parallax using the
corporate panel DB is necessary.

Keywords : Technology Innovation, Industrial Cluster Environment, Corporate Panel DB, Marketing Capability,
R&D Capability, Sobel Test
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<Table 1> Investigation Contents

Division Description Items | Questions
General Information Union, Business type 3 5
Workforce status for 5 years | Total employees, New hires 2 10
. . Local location reason, Industrial environment, Industrial cluster
Business environment . 3 27
environment
CEO competency CEO personal information, Characteristics 4 14

R&D capability

R&D organization, manpower, success factors, intellectual property
rights, new product sales, process improvement, new product sales 10 52
share, cooperation, obstacles, support policy preference

Employment conditions,

manpower competitiveness, manpower
management, manpower—related government policies, personnel
Human resource competency |management system, organizational culture, manpower shortage factors, 11 39
education and training programs, education and training implementation,
college graduate initial salary, annual salary increase rate

Marketing competency

Marketing related departments, exporting countries, obstacles, level
of internationalization, competitiveness, independent distribution 7 42
network, government support policy

New business, facility investment, production facility utilization rate,

Production operation capability difficulties, technological innovation capability g 12

Manageme.nt. ;trategy and social Competitivenes.s, new business areag donations, socially responsible 6 37
responsibility management | manpower, ethical management, ethical management of the CEO

Policy support and difficulties | Degree of need for policy support, difficulties 2 48

Management performance | Achievement of management goals, core technology level 2 11

Author information Author personal information 7 7

Corporate financial information Basic status, Sharehol'ders,' purchase/seller, credit information, R&D 6 916

expenses, summary financial statements
Total 68 520
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<Table 2> Variables and Measure Methods

Variable Measure method
1. Patent: Total number of domestic patent registrations for 4 years (cases)
2. Product innovation: Number of technically new products developed and sold to the market within 3 years
Technology . . . . . .
‘nnovation 3. Process mnoyatlon- The pu@ber of cases in which a new process was introduced or the existing process
was greatly improved within 3 years.
4. New product sales share: The share of new products developed within 3 years of total sales
1. It is possible to save transportation cost and time because the company to buy/sell is close.
2. Supplier's quality is good and responds immediately to your needs.
3. Transactions with companies are helpful for the development of new technologies, new products, and new
businesses.
4. Tt is easy to obtain information about products or markets from companies or organizations.
5. Information sharing or exchange is frequent through exchange meetings.
Industry 6. Competition between companies promotes the development of technologies, products and businesses.
cluster 7. We are receiving beneficial support from industry organizations and associations.
Environment* | 8. We are receiving useful support from universities and research institutes.

. Sufficient support is received from public organizations and institutions.
. We are receiving beneficial support from financial institutions.

11.
12.
13.
14.

Enough talent can be secured.

Easy to use services for business support.

Taxes and regulations are more advantageous than other regions in conducting business.
Life infrastructure such as education, culture, and medical care is well equipped.

Environmental

. 1. 10 questions related to market/product disruption in the industry to which the company belongs.
uncertainty
Age 1. Number of years elapsed from the year of establishment.
Scale 1. Natural logarithm of the total number of employees.
Entre;;lzsneurs 1. 4 questions referring to Covin and Slevin(1989) and Covin(1991).
Technology
innovation 1. Six questions based on the availability of resources for innovation and the ability to respond to changes.
ability
Organizational . .
culture 1. 7 questions considered open level.
R&D 1. Considered the degree of R&D concentration proposed by Cohen and Levinthal (1990), and the measurement
ability is the proportion of R&D personnel to the total number of employees.
Marketing 1. Sum of independent marketing department, own trademark (brand), overseas export network, customer
skills consultation department.
Dr;iﬁ:;ng 1. Amount of new business or facility investment in the last 1 year.
Level of
internationaliz | 1. Share of overseas sales in total sales.
ation

R&D capability

. Ratio of R&D personnel to total number of employees (%)
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<Table 3> Factor analysis and reliability analysis results of major internal determinants of technological innovation

Variable factor 1 factor 2 factor 3
735
. 791
Entrepreneurship 808
811
727
814
. .847
Organizational culture 800
.680
.688
.667
796
) ) . 777
Technology innovation capability 790
.834
.818
Eigen value 7.745 2.116 1.351
variance ratio (%) 48.404 13.225 8.443
Cumulative variance ratio (%) 48.404 61.630 70.073
Cronbach’s a .904 .907 .885

<Table 4> Factor analysis and reliability analysis result of major external determinants of technological innovation

Variable factor 1 factor 2 factor 3 factor 4
726
757
. . 674
Environmental uncertainty 644
755
723
722
Systematicity of 756
industrial .698
production 710
542
Industrial cluster Systematicity of ggi
environment science and '783
technology =69
736
Systematicity of 776
corporate support .651
757
Eigen value 6.571 2.450 1.628 1.037
variance ratio (%) 34.585 12.893 8.569 5.456
Cumulative variance ratio (%) 34.585 47478 56.047 61.503
Cronbach’s a .827 .864 .809 794
A A 2ol tish a3 ARA S s = 7197144l 775, vAl" 5ol Sl Y (+)
53], A, 3482, AlAlE Uﬂgﬂl#’ﬂ tjste] 7} o] s vA= A% OO]O]J_ AT 238]E &
7} 394 KEesink 7seal 9]l T 551 4 (59 IS v|A= Ho7 epton 2HA9A%

A3} AFE o] 2310 11 (7=6.710, p<0.01), 2Ee 90l = 37 BalaAlulo] oF(4) 9] 9I8kS n|x|= A
32.7%= ERSTE R A94d 2 5 79tE, Q¢loz BAEQr)

flo
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<Table 5> Results of regression analysis on technological innovation variables

Patent Product innovation
Variable name Regre's.smn t Tolerance VIF Regre.stqon t Tolerance VIF
coefficient coefficient
Corporate scale 212 5.034 ™ 706 1.416 -.041 -0.928 .706 1.416
Corporate age -.042 -1.096 852 1.174 -.009 -0.232 .852 1.174
Entrepreneurship 128 2.683 | 553 1.809 ~022 | -0.448 553 1.809
Organizational culture | -.096 | -2.015 = | .556 1.799 041 0.821 556 1.799
R&D capability 098 2524 © | 835 1.198 “013 | -0.334 835 1.198
Marketing ability 095 2304 © | 741 1.350 099 2.304 741 1.350
producing ability ~047 | -1.256 888 1.126 007 0.191 888 1.126
_ Technology - 021 0.448 584 1711 041 0.851 584 1.711
innovation apability
I“tema?eovrjlza“on ~023 | 0601 885 1.130 -033 | -0836 885 1.130
Industrial production | o5 | )1y 664 1507 025 0.559 664 1.507
system
Seience & technology | g 1.176 469 2.133 -013 | -0241 469 2.133
system
Corporate support | _ o7y | 1 473 544 1.839 038 0.770 544 1.839
system
Environmental 092 2110 * | 655 1.527 071 1.565 655 1.527
uncertainty
5 . e =6.710" =1.851"
egFESile()Srllll?Ha YSIS R2:327 R2:281
Adjusted R?=.277 Adjusted R?=.206
note. "p<.10, "p<.05, " p<K.01
Process innovation Share of new product sales
Variable name Regrgs;mn t Tolerance VIF Regre.s§1on t Tolerance VIF
coefficient coefficient
Corporate scale 028 0.644 706 1.416 ~096 | -2.388 706 1416
Corporate age ~035 | -0.893 852 1.174 ~065 | -1.766 ° 852 1.174
Entrepreneurship 047 0.971 553 1.809 .040 0.874 .553 1.809
Organizational culture .000 0.003 556 1.799 -.038 -0.851 .556 1.799
R&D capability ~018 | -0457 835 1.198 118 3195 | 835 1.198
Marketing ability 089 2132 © | 741 1.350 181 4619 | 741 1.350
producing ability 031 0.820 888 1.126 045 1.266 888 1.126
_ Technology - 019 0.401 584 1.711 104 2.358 * 584 1.711
innovation apability
Imemagﬁhzaﬂon 049 1.276 885 1.130 038 1.074 885 1.130
Industrial production 168 3.808 " | .664 1.507 119 2865 ™| 664 1.507
system
Sciencedt technology | 539 0.728 469 2.133 -.005 | -0.110 469 2.133
system
Corporate support | gg5 | 194 | 544 1.839 115 | -2519 ¢ | 544 1.839
system
Environmental 086 1.938 = | 655 1.527 182 4377 ™| 655 1.527
uncertainty
% . i F=4.784" F=12.854""
egresile?ﬂf“a SIS R?=.280 R?=.382
Adjusted R?=.219 Adjusted R?=.351

ARFESALS 1 Ao} ATEPS Relsklu=1815,  9AY & seitlo] APEH A (49
<0.05), 239 AP 231%2 vhehdeh, el 2 vl Agclo s tetkth. $AHH (Tolerance)
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<Table 6> Analysis result of mediating effect of R&D capability between industrial cluster and technological innovation

Variable R&l-)~ Product Process Share of new
capability Patent . . . .
innovation innovation product sales
Corporate size -.116 ™ 009 -.002 .006 .003
Corporate age -.579 ™ -.017 -.138 -.031 ™ -.354 ™
Industrial I“duSt:&yﬂsfgfnd”C“O“ 541 176 4018 ™ 1.159 6.218
production 5 o ™ apabilicy 008 ™ 021 001 144 77
system
R? 348 234 .208 214 .326
F 24.096 12.171 ™ 2.444 10.209 17.968 ™
Sobel test 0.310 0.164 0.090 0.319
Corporate size -.133 ™ 008 ™ -.016 .003 -.015
Corporate age -532 ™ -.015 -.111 -.026 *© -.320 ™
Science & SClenczf‘SES;hndogy 3.841 ™ 225 ™ 2.934 * 628 3.791 ™
tecmology p 1 capability 007 012 ~.001 133
system
R? 378 .256 212 231 .307
F 27.544 ™ 13.464 ™ 2.313 ° 6.025 ™ 15935 ™
Sobel test 2.047 7 0.340 0.082 2.496
Corporate size -.128 ™ .009 -.010 .005 ~© -.001
Corporate age -.538 ™ -.017 -.127 -.031 -.352 ™
Corporate Corposr;ts‘ief;lpport 6.625 061 3617 ™ 392 " 1.866
zipsi’;f R&D capability 007 007 001 138
R? .390 247 213 .216 .299
F 31.487 ™ 11.570 ™ 2.406 2.986 12.945 ™
Sobel test 2.480 0.211 0.020 3.163 ™
note. "p<.10, "p<.05, ™ p<K.01
9 B9 (Variance inflation factor) S £3f of gle] AlARE MiEHFel S (-) 2] JFS A= Aoz
Z34 A (Multicollinearity) = R ATE 325k Lepyi)
o] HAagke] 544 (318A] 7= 0.1 o), FAFEAlT T A 2 2l - oFEY A QR FelA] HE A
o] Frjjzke] 2.133(318-#] 715 10 M[Rh & vl A do] 1z F1 FAZHAE AFGH wo] Sl XAk
< E S o Ith < E8AH 34 ("J%’Vg” A, He7ls= AAV, 7]
Al gk A Ay ATEHS fFolsila AR AAP) o] R&D 3ol 93Fs mlA=A] &= R&D
(F=4.784, p<0.01), *g.ﬂé%;ﬂs 28.0%= JERGTE Ul dgfo] 7]&E || 9J8kS n =X S v os

J,]_ ﬂg_ﬁoﬂgxﬁ oo] A}
QA AAA, B %@*WO] Gl st

A= AR eglo® BAEN 719X
A= Ao eit),
A3 ATRFE Fole

¢

AL 9318 & (—) Q] JFe m
AARE &0 Fel] sk 4
T (F=12.854, p<0.01), A= 38.2%= YEFLT]
F2947% a9l = A7Ntsd, vHldeY, 718
AeE 3 EAGEAA 29l F AR AAV, FEE
o] AAE wiEn]Foll F(+) o] JEke Ulilb
FaloR FAENN 7GRl 719AA A AV

Asialed = miayE 48 Aotk
2k *ﬁ*} ﬂ]ﬁ]“i" R&D &l f2Jgt Jaks nx
*E]EIL R&D &= &3l 7184l 7]
30 S #2493t Sobel test®] BAFZIH O] B 7|
‘ﬂ°ﬂ thate] frelehA] k- A o= ettt o]
?j*ﬁ*i AAI 7184 7 R&D <722 vizla
FAACE SR et As grlsith
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AR ZZD o] 5319} AAE wiEnF o] A5
2 ot A o7 FAFL o] RS HEl]sE AAA
71821 1kl R&D 95Fo] 7184l 821 5 539 Al
Al wiEn)Ee] diste] miazrt ks AE 9u|s
Zlell AAA o= FE vzl eyt vkl & 4 Qlrh
719419 AAVSE R&D Aol o] dk F(+) 2] 9
< wA)aL §lar 7197 AAo] R&D A& &3l 71
=3le vX= 275 A5 Sobel test] FAZ(Z
ol 5s5is} AAE viEvlE] 735 22 5% 1% -+
oA felst 2o yehsitt o)A 719 AAS
7} 7184l TFR&D o] 7184l 29l F 539t Al
AlE wEH] el diste] vzl as = -7 izl ey} it

= RE o,

4.4 4423

T7Hdo] A Zesith v 7K ES el B
AxJ el oJste] TAX O F(+) 2] P HhobA]
Ag7Hdo] etk Aol HAHITE @ Aol
HAAE Aeole BE SR SYwa7t sAld o=
Frefml gk 21 o glal <Table 7>} Zo] 7phdnir} &
() 2] GEs = A% ()9 JFs 7= H77E A
At

ojoix] ARSI AE SRl 7wl W Ao
of| vi7lEE Y str] flste] X3 Ek 31747} Sobel
Test A2z ok th5} ZtiKTable 8> SHHSF
Q1 ARIE A W 5 AR AAPSS- R&D el
BAAR ()2 Fe 74 FBiglar weka] 7 9=
AAEA Fsiich B3y AA 2 71949 A A1
& R&D ool BAA R fost Y5 T Jo%
veht 74 10, 7H2 112 A7 #HAol =Hdth

o]F R&DY 0| 784l Wrel] FAIAQ1 Jaks 1)
Z3=A]E Sobel Test 74| &l Az} 714 129} 714
15% SAIR o= A7 7o) ¥ Wk 7 1334 7}
A 14+ BAR SR AF7Hdo] A skl

7P 9%E 7Hd 1574 A4S W8-S v o AR
& B w7 a3E gelsk =7} QltiKTable 8>. Sobel

<Table 7> Summary Table of Analysis Results for Model 1

Research hypothesis Verification Measured variable statistically affected
Hl 0 Environmental uncertainty (+)
H2 X
Industrial production system, Environmental uncertainty (+),
H3 0
Corporate support system (-)
Industrial production systemicity, Environmental uncertainty (+),
H4 0
Corporate support system (-)
15 0 Corporate size, entrepreneurship, R&D ability, marketing ability (+),
organizational culture (-)
H6 0 Marketing ability (+)
H7 0 Marketing ability (+)
R&D ability, marketing ability, technology innovation ability (+),
H8 0 .
Corporate size, Corporate age (-)

<Table 8> Summary Table of Analysis Results for Model 2

Research hypothesis | Verification Affected Mediation effect
H9 ¥ complete and partial mediating effect
H10 0 complete: H10 - H12
HI11 0 (Science & technology system—Patent)
H12 0 Patent, New product sales share (+) complete: HI10 - H12(Science & technology
system— New product sales share)
H13 X Patent, New product sales share (+) partial: H11 -H12
(Corporate support system— Patent)
H14 X Patent, N duct sales sh +) .
atent, New product sales share ( partial: H11 - H12(Corporate support system—
H15 0 Patent, New product sales share (+) New product sales share)
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