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The Determinants of R&D and Product Innovation Pattern in
High-Technology Industry and Low-Technology Industry: A Hurdle
Model and Heckman Sample Selection Model Approach

Yunha Lee, Kang, Seung-Gyu, Jaemin Park
Dept. of Management of Technology, Konkuk University
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Abstract  There have been many studies to examine the patterns in innovations reflecting
industry-specific characteristics from an evolutionary economics perspective. The purpose of this study
is to identify industry-specific differences in product innovation patterns and determinants of innovation
performance. For this, Korean manufacturing is classified into high-tech industries and low-tech
industries according to technology intensity. It is also pointed out that existing research does not reflect
the decision-making process of firms' R&D implementations. In order to solve this problem, this study
presents a Heckman sample selection model and a double-hurdle model as alternatives, and analyzes
data from 1,637 firms in the 2014 Survey on Technology of SMEs. As a result, it was confirmed that the
determinants and patterns of manufacturing in small and medium-size enterprise (SME) product
innovation are significantly different between high-tech and low-tech industries. Also, through an
extended empirical model, we found that there exist a sample selection bias and a hurdle-like threshold
in the decision-making process. In this study, the industry-specific features and patterns of product
innovation are examined from a multi-sided perspective, and it is meaningful that the decision-making
process for manufacturing SMEs' R&D performance can be better understood.
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Table 1. Classification of industries based on technology
intensity

Taxonom| dir;—in R&D

y R&D Prod

R&D ISIC Rev. 2

|Aerospace(3845),

Office & computing equip(3825),
Drugs & medicines(3522),

Radio, TV & communication equipment(3832)
Scientific instruments(385),

Motor vehicles (3843),

[Electrical machines excl.
lcommunication equipment(383-3832),
Chemicals excl. drugs(351+352-3522),
Other transport(3842+3844+3849),
INon-electrical machinery(382-3825)

Rubber & plastic products(355+356)
Shipbuilding & repairing(3841),
Other manufacturing(39),
INon-ferrous metals(372),
INon-metallic mineral products(36),
Metal products(381),

Petroleun refineries & products(353+354),

Ferrous metals(371)

14.98

8.03

High-
tech
Industry

17.30 36.25

9.40 18.65

6.55(5.10 [11.19

4.58

Medium-
high-tech|
Industry

258 | 1.74

Medium-| 2.47 | 2.47 | 3.02

low-tech

Industry | 1.10 | 0.64 | 2.48

076 Paper, products & printing(34),
° Textiles, apparel & leather(32),
047 Food, beverages & tobacco(31),
’ ood products & furniture(33)

0.31

Low-tech|
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Table 2. Classification by Technological Intensity
of Korean Manufacturing Industries

Taxonomy Industry (KSIC code)
Chemicals(20), Pharmaceuticals(212),
Electronics: Computer-Radio-Television
. and Communication Equipment(26),
I—ilng;u;e(:h Watches'Medical-Precision-Optical
™| Instruments(27), Electrical Equipment(28),
(=731 Other Machinery and Equipment(29),
~'="0 | Motor Vehicles and Trailers(30),
44.7%) .
Other Transport Equipment
(except 31, 311:313),
Aircrafts-Spacecrafts-Parts(313)
Foods(10), Beverages(11), Textiles(13),
Apparels- Accessories-Fur(14),
Leathers-Luggages-Footwears(15),
Low-tech | Woods(16), Pulps and Papers(17),
Industry | Printing and Reproduction of Recorded
Media(18), Cokes- Briquettes-Refined
(n=906, Petroleum(19), Rubber and Plastics(22),
55.3%) Non-metallic Minerals(23), Basic Metal
Products(24), Fabricated Metal(25),
Ships and Boats(311), Furniture(32),
Other Manufacturing(33)
33 HaAY Y oy
33.1 a0l ZA Aol
718419 ARl AN AEES AEEA A4
34E4 of i, FAg7t MiEAo A Aok HST
T, E5] 2 4 55 52 71«84 Ao died
2 ZAY 4 QItH35-39]. & dAollxls AFEA
aobis S S 9 AL SR
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Table 3. Measurement of Variables and Descriptive Statistics

High-tech Low-tech
Variables Measurement Industry(n=731) Industry(n=906)
mean| s.d. | min. | max.|mean| s.d. | min. | max.
. New Products or Improvement of Existing Products
5 Product Innovation over the Last 1 Year R&D Investments (Yes=1) 0.69 [046| 0 1 |061](049| O 1
Vaerp R&D Attempts of R&D Tasks over the Last 1 Year (Yes=1)] 0.69 | 0.46| 0 1 [061(049| O 1
' Investment Ratio of Completed in the Overall R&D Tasks over 444003783 0 | 100 |36.44]35.95| o | 100
the Last 1 Year (%) : : ’ ’
Formal R&D FYSZBIS):IA)CtiVities led by CEO/CTO/Research Director 0781 041! o 1 lo79lo41] o 1
‘ Explicit Protfcting New Tech. using IPR such as Patent 0171037] o 1 lo12]032| o 1
Appropri (Use=1)
ability Implicit Protecting New Tech. using Strategic Way such as 070 046! o 1 loetlod9| o 1
phet Patent (Use=1) ) ) ) )
Establishment of Firm Research Institute or R&D
Absorptive R&D Dept. Department (Est.=1) 0.84(037| 0O 1 1072]045| 0O 1
Capacity v;’s::rflsge Share of R&D personnel in Total Employees (%)  |20.80{15.99| 0.37 | 100 |14.70[13.21| 0.43 | 100
Firm Inside | Utilize Information from Inside the Firm (No=0, Use=1-5) 2421190 0 5 1201]196| 0 5
Source ili i i i
Inde ] Industry Field Utlh_ze Infoi'matlon from Competitors or Suppliers 0951113] o s |118]128] 0 5
0. of (No=0, Use=1-5)
Innovation i1 : N :
Var Research | Utilize Information from University or Research c
Institute | Institute (No=0, Use=1-5) 0581127 0 5 |028|084] 0 >
Internal Ratio of In-house uses in Overall R&D (%) 86.05|24.31| 0 100 |86.18(26.87| 0 | 100
Tyg;Dof Consign Ratio of Out-source uses in Overall R&D (%) 1.711799| 0 100 | 1.23 1747 | O | 100
Execution | Purchase E;:]ijcz(yt;f Domestic Technology Purchasing in Overall 0771 441| o 50 | 1011728 o | 100
0,
Tech. Opportunity z]icnl;nology fee of Purchasing in Last 1 Year (million 11.83 1564.0 0 3479|479 |44.65] 0 | 980
Period from Market Entry to Decline
Product Life Cycle (1=Over 10 year, 2=7-10y, 3=5-7y, 4=3-5y, 5=2-3y, 336(165| 1 7 1376|1179 1 7
6=1-2y, 7=Less than 1 year)
Sector Taxonomy Sector Taxonomy Dummy var. (1=High-tech, O=Low-tech) 1 0 1 1 0 0 0 0
. . Number of Regular Workers at the Time of the Survey -
Firm Size (persons) 56.14{65.94| 5 | 299 [50.38/65.51| 5 | 299
Ctrl. . Period from the Establishment to the Time of the -
Var. Firm Age Survey (years) 14.18/10.30| 1 72 |15.13|10.51| 1 56
Growth Level zi:rér;tilr)owth Level(1=Decline, 2=Maturity, 3=Growing, 268 0641 1 4 12630069 1 4
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Table

4. Results of Product Innovation Patterns by
Taxonomy

(Model 1: Overall)(Model 2: High-tech)(Model 3: Low-tech)
a-D [(0-2 [ @-D| 22 | 31 | (3-2)
0.001890.001810.000164-0.000052/0.00372{0.00383
(0.00193)0.00195)(0:00269) (0.00270)0.00278)(0.00281)
0.008870.00951/0.0223| 0.0205 [-0.00062-0.00011
(0.00981)(0.00984)(0.0177) (0.0178) |(0.0120)((0.0121)
0.406™*0.419" 0.469* | 0.456* |0.365™" | 0.388™*
(0.136) |(0.137)|(0.245)| (0.246) | (0.167) | (0.168)
0.595™**0.571**0.857**1 0.858"* | 0.396 | 0.357
(0.191) [(0.192)[(0.306)| (0.308) | (0.250) | (0.253)
0.189 | 0.219 [0.996*| 0.996* | -0.265 | -0.189
(0.285) |(0.286)|(0.546)| (0.547) | (0.341) | (0.343)
0.004240.00283| 0.175 | 0.181 |-0.0824|-0.0860
(0.181) [(0.181)[(0.317)| (0.317) | (0.222) | (0.223)
0.556™*0.567** 0.346 | 0.337 |0.674**|0.701***
ve | Dept. | (0.200) |(0.201)[(0.381)| (0.382) | (0.242) | (0.245)
Capacit| Wakface|0.00091 0.000170.00150| 0.00099 |0.00196|0.00118
y  |Intensity|(0.00691)(0.00693)(0.0103) (0.0105) (0.00964)(0.00972)
Firm | 0.0205 |0.0227|0.0425| 0.0420 |0.00288| 0.0103
Inside |(0.0451)((0.0452)(0.0776) (0.0777) |(0.0560)|(0.0566)
Industry| 0.0614 [0.0617| 0.165 | 0.159 |0.0224 | 0.0238
Field |(0.0720)(0.0721)(0.141)| (0.141) |(0.0851)[(0.0855)
Research| 0.0831 |0.0956|0.0454| 0.0365 | 0.161 | 0.188
Institute|(0.0986)(0.0983),(0.126)| (0.127) | (0.160) | (0.161)
0.002240.002000.00483| 0.00495 |0.00146|0.00079
(0.00352)(0.00352)(0.00604) (0.00608)(0.00447)(0.00450)
Consign |0.008900.00981|0.0129| 0.0125 |0.00644| 0.0078
R&D |(0.0126)(0.0126)(0.0200) (0.0201) |(0.0165)|(0.0164)
Techrdagy|-0.00338-0.004 1) 0.0086 |-0.00729-0.00608-0.00291
Purdhesirg] (0.0112)|(0.0117)(0.0337) (0.0407) [(0.0121)|(0.0148)
Technological 0.00029 0.00985 -0.00082
Opportunity (0.00130) (0.0177) (0.00220)
Product Life 0.104** -0.0284 0.166***

Cycle (0.0496) (0.0872) (0.0616)
Sector 0.371**
Taxonomy (0.187)
Sector Included Not
Dummy Var. lincluded
-0.781(-0.907
(0.635)|(1.054)
-496.23-184.90
0.0405 [0.0448(0.0526
42.09 | 46.60 | 20.53
(0.0002)(0.0001)(0.0114) (0.0158) |(0.0445)|(0.0103)
1,037 | 1,637 | 731 731 906 906
standard errors in parenthesis, ***: p < 0.01, **: p € 0.05, *: p { 0.1

Variables

Firm Size

Firm Age

Growth Level

Formal R&D

Appropr|Explicit

i
ability
Absorpti|

Implicit]

R&D

Source
of

Innovat

ion

Internal
Type of] R&D
R&D
Executi

on

0.329*
(0.186)

Not
included
-0.738
(1.109)
-184.40
0.0552
21.53

Not Not
includedincluded
0.0680 | -0.547
(0.767) | (0.801)
-308.81|-304.92
0.0376 | 0.0497
24.11 | 31.90

Include
-0.391

(0.605)
-498.48

Constant

Log likelihood
Pseudo R2

LR chi2

observations
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Table 5. Determinants of R&D Selection and Success
Rate using Heckman Sample Selection Model

(Model 4: Overall)(Model 5: High-tech)(Model 6: Low-tech)

Variables Stage 1|Stage 2|Stage 1|Stage 2|Stage 1|Stage 2

Firm Size 0.00104[-0.0334*0.000092(-0.0295 [0.00207**-0.0685™*

(0000721)|(0.0180)|(0.00102)[(0.0258)(0.00105)[(0.0311)

. -0.000935| -0.139 [-0000633| -0.154 [-0.000879| -0.102
Firm Age

(0.00391)|(0.0966)|(0.00614)| (0.155) [0.00520)] (0.127)
-0.0260| -1.605 [-0.0306| -3.647 |-0.00109| 0.0626
(0.0556)| (1.481) |(0.0917)| (2.414) [(0.0712)| (1.888)
0.171*] 1.960 | 0.153 | 1.866 | 0.186* | 0.387
(0.0838)| (2.474) | (0.130) | (3.538) | (0.112) | (3.695)
2.354*% 11.45 [7.126™* 15.84 [2.140**| -5.466
(0.353) | (7.884) | (2.145) | (10.15) | (0.378) | (13.63)
-0.144*| 1.606 |-0.0377| 1.078 [-0.221* 5.432*
(0.0736)| (1.958) | (0.121) | (2.998) |(0.0939)| (3.295)
RD | 0.149* | -1.703 | 0.133 | -3.451| 0.135 |-2.375
Absorptive | Derertrert |(0.0842)| (2.704) | (0.143) | (4.401) | (0.106) | (3.443)
Capadity | Workforce [0.00585™1-0.00455/0.00620| 0.120 |0.00538|-0.200*
Intensity |(0.00272)[(0.0759)|(0.00388)| (0.107) [(0.00390)| (0.113)
Firm (00581 0.743 [00901* 0.710 [0.0318 | 0.699
Inside [(0.0181)] (0.562) [(0.0285)| (0.987) |(0.0238)| (0.664)
Industry| 0.0418 | -0.931 [0.00939| -1.054 |0.0606*| -1.718
Field [(0.0286)| (0.756) [(0.0491)| (1.222) |(0.0357)| (1.102)
Research [0.167*(3.770**0.202***(4.789**| 0.101 | 2.017
Institute |(0.0410)| (1.051) |(0.0566)| (1.496) [(0.0640)| (1.539)
Internal [0.000976|-0.0255(0.000434| 0.0103 [0.000482-0.0621
Type | R&D [(0.00149)|(0.0391)[(0.00252)((0.0634)((0.00189)/(0.0507)
of  |Consign|0.00526|-0.0532|0.00285| -0.151 |0.00606(-0.0166
R&D | R&D [0.00473) (0.120) [(0.00734) (0.188) (0.00631) (0.160)
Execution | Techndgy [0.000255| 0.0777 |-0.00231| -0.208 |-0.00875 0.371
Rurchasing (0.00558)| (0.170) |(0.0118)| (0.356) [(0.00813)| (0.234)
Technological  [H0000074}-0.00765[-0.000559]-0.00720|0.00432|-0.0541
Opportunity  [(0000502|(0.00813){(0000744)(0.00945)(0.00301)|(0.0352)
Product Life [0.00226|1.205**(-0.0373| 0.395 |0.0266 |1.480™*
Cycle (0.0199)] (0.508) |(0.0325)] (0.873) |(0.0255)| (0.706)

Growth Level

Formal R&D

| Explicit
Appropri

ability

Implicit

Innovation

Al vehd &= Qi) ot 7o) A ol Zegt
Flols AFAFRA Y o] o] 9] g EEs] £
8k = ?35 AoE Ueyth 3, F414 A,
BAE Afad 28, 719UE FA9d gA AdE
B4 293 nEIIRARE APIERE AASE 7193
%R g2 719 1t Aol Asks EAM threshold)

g 5 Utk
7190] A7 42382 AdeHsl=t
= 1A= 301_§/\1 717 Aleske 71dE
T AGRAE G0kl AAR ZpdollA] ALY
52 FXok= g, AARAES 289 FAETE

olg W=

Table 6. Determinants of R&D Selection and Success
Rate using Double Hurdle Model

(Model 7: Overall)(Moddl 8 High-tech)(Model 9: Low-tech)

Variables Selection|Outcome|Selection/Outcome|Selection|Outcome
Firm Size 0.00104/-0.0441*(0.000092|-0.0291{0.00207**|-0.0660"*
(0000739)(0.0187)(0.00104)[(0.0257)|(0.00104)|(0.0272)
. -0000935| -0.152 H0000633| -0.162 [-0.00088| -0.113
Firm Age

(0.00385)| (0.110) (0.00614)| (0.172) |(0.00510)| (0.146)
-0.0260| -1.584 |-0.0306| -3.738 |-0.0011| 0.0822
(0.0562)| (1.540) |(0.0928)| (2.331) |(0.0712)| (2.048)
0.171**| 0.571 | 0.153 | 0.277 | 0.186* | 1.752
(0.0840)| (2.388) | (0.132) | (3.440) | (0.111) | (3.324)
2354 1.823 [5.761™*| 1.465 [2.140™* 1.997
o (0.349) | (2.341) | (1.279) | (3.356) | (0.381) | (3.264)
ability [1mplicit -0.144*| 2.715 |-0.0377| 0.653 |-0.221**{ 4.695"
(0.0740)| (1.943) | (0.122) | (3.019) {(0.0935)| (2.554)

R&D | 0.149* | -3.591 | 0.133 | -6.101| 0.135 | -1.546
Dept. |(0.0840)| (2.509) | (0.142) | (3.941) | (0.105) | (3.228)
Workforee|0.00585™(~0.05630.00620/ 0.0529 [0.00538| -0.190
Intensity |0.00276)|(0.0757)(0.00390)[(0.0929)(0.00397)| (0.127)
Firm {00581 0.361 {0.0901* -0.282 | 0.0318 | 0.953
Source | Inside |(0.0180)| (0.480) [(0.0285)| (0.723) |(0.0236)| (0.641)
o |Industry| 0.0418 |-1.326*|0.00939| -1.192 |0.0606*| -1.531
Innovati | Field |(0.0283)| (0.750) [(0.0483)| (1.172) [(0.0354)| (0.967)
on | Research [0.167*%%(3.121***0.202**(3.404™*| 0.101 | 2.630*
Institute [(0.0387)| (0.772) [(0.0509)| (0.917) [(0.0653)| (1.429)
Internal|0.000976|-0.0293(0.000434| 0.0178 [0.000482(-0.0684
Tre | R&D [0.00151)[(0.0416)((0.00254)[(0.0625)|(0.00193)|(0.0558)
d  |Consign|0.00526[-0.0909(0.00285| -0.185 {0.00606| 0.0129
RD | R&D [0.00466)| (0.124) (0.00700)| (0.224) [(0.00635)| (0.151)
Eseattion | Techndgy 0.000255| 0.0925 -0.00231| -0.163 |-0.00875(0.363***
Rurdirg [(0.00593)] (0.151) |(0.0126)| (0.262) [(0.00767)] (0.140)
Technological |H0000074/-0.00829[-0.000559}-0.0070™(0.00432|-0.0472"**
Opportunity |(0000535)(0.00582)[(0000461)(0.00308)((0.00350)/(0.0169)
Product Life |0.00226|1.306™ |-0.0373| 0.815 | 0.0266 | 1.817**

Growth Level

Formal R&D

Appro |Explicit

AbSC[]I[‘ "
e

Capacity

Cycle  0.0198)] (0.539) |(0.0328)| 0.833) [(0.0252)] (0.709)
Sector Taxonomy (88322) 5('10;22) Sector 0.0892 [ 4.787*
0350 '0'9? 0.130 [55.04"] -0.421 [73.23 Taxonomy {(0.073D)(1.981)
-0. 50.91** -0. 5.04*** -0. 23 o ot -
Constant -0.350 |65.62***( -0.130 {76.23*** -0.421 |60.69
(gézg? i;g? (22438) %S? (25332) %g? Constant | 0 264) | (7314) | 0428) | (1069) | (0.343) | (10.05)
Wald chi2 (0.000D10.000|0.012 D|(0.0121)/(0.0146)/(0.0146) Log likelihood |-5,904.91}-5,904.91|-2,758.101-2,758.10}-3,130.63|-3,130.63
IMR(1) 16.95 26.27 -11.59 Pseudo R2 | 0.0263 | 0.0263 | 0.0288 | 0.0288 | 0.0261 | 0.0261
observations 1,637 | 1,637 | 731 731 906 906 Wald chi2 6132 | 61.32 | 5845 | 58.45 | 42.59 | 42.59
(Selected) [ (1,059 [ (1,059) | (504) | (504) | (555) | (555) (0.0000)/(0.0000)|(0.0000)|(0.0000)|(0.0003)|(0.0003)
(Nonselected) (578) | (578) | (227) | (227) | (351) | (351) Observations | 1,637 | 1,637 731 731 906 906

standard errors in parenthesis, ***: p { 0.01, **: p { 0.05, *: p (0.1
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