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Innovation carries a niche for a high-tech enterprise; the exclusiveness of

patent rights serves an important tool for enterprises to fight and defend. Owing to

the fact that innovative efficiency is the key to competiveness, the study focuses on

technological diversification and discusses whether technological diversification is

able to improve innovative efficiency and thus becomes an option of the technique

strategies for technological industries.

The subjects of the study include those TWSE/GTSM listed companies who

applied for patents from U.S. Patent & Trademark Office from 2001 to 2010. The

financial data was retrieved from TEJ database. The study adopts DEA (Data

Envelopment Analysis) to evaluate the innovative efficiency. Firm size was used as

the moderator to further find out the differences in firm size of the enhancement of

technological diversification on innovative efficiency.

The findings show that technological diversification has positive effect on

innovative efficiency. Technological diversification enhances the efficiency of

applying R&D resources in two aspects: the production of enterprise patents and

patent citations, both of which lead to revenue. Optoelectronic industries and

electronic parts industries reveal more positive effect than others. In addition, the

results of the study indicate larger enterprises, compared to smaller ones, have

better innovative efficiency. The advantage of the firm size is that larger companies

are able to stably invest resources and thus accumulate sufficient R&D capital.

Finally, however, firm size does not lead to positive effect in all aspects; when an

high-risk technological enterprise implements technological diversification, a small

company may better overcome organizational rigidity and have better innovation

efficiency due to its flexibility and cooperativeness. The study consolidates various

views on the effects of how innovative efficiency exists in different firm size.
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( 3 ) ( 1 )

1015 3-4

3-4
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284 48 179 89 66 143 206 1015

27.98 4.73 17.64 8.77 6.50 14.09 20.30 100
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29

4-1

(n=1015)

IE 0.167 0.235 0.001 1.000 0.079

CDK 1911.555 4459.163 16.784 27000.000 370.979

PAT 25.154 83.149 1.000 1044.000 2.000

CITATION 106.855 458.336 0.000 6313.000 7.000

TD 0.411 0.374 0.000 0.971 0.500

SIZE 15.663 1.687 12.397 20.129 15.319

GW 0.179 0.415 -0.570 2.033 0.107

LEV 0.353 0.158 0.075 0.752 0.346

AGE 17.895 9.423 3.000 50.000 17.000

IE

CDK

PAT

CITATION

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

SIZE

GW ( - )/

LEV /

AGE



3
0

4
-2

(n
=

1
0
1
5
)

IE
T

D
S
IZ

E
G

W
L

E
V

A
G

E

IE
0
.2

1
0

*
*
*

0
.0

0
9

0
.0

7
4

*
*

0
.0

1
1

0
.1

3
2

*
*
*

T
D

0
.2

7
8

*
*
*

0
.5

7
2

*
*
*

-0
.0

2
9

0
.0

7
0

*
*

0
.0

5
4

*

S
IZ

E
-0

.1
2
8

*
*
*

0
.5

6
9

*
*
*

-0
.0

8
6

*
*
*

0
.2

1
9

*
*
*

0
.2

1
6

*
*
*

G
W

0
.1

1
9

*
*
*

-0
.0

1
4

-0
.0

7
6

*
*

0
.1

0
2

*
*
*

-
0
.2

1
1

*
*
*

L
E

V
0
.0

1
3

0
.0

7
9

*
*

0
.2

5
2

*
*
*

0
.0

9
7

*
*
*

0
.0

5
8

*

A
G

E
0
.0

9
1

*
*
*

0
.0

6
4

*
*

0
.2

3
4

*
*
*

-0
.2

1
0

*
*
*

0
.0

4
8

p
ea

rs
o

n
sp

ea
rm

an
*
*
*

1
%

*
*

5
%

*
1

0
%

IE T
D

∑ =

−
J j

iij

Nn

1

2 )
(

1
J

n
ij

i
j

N
i

i

S
IZ

E

G
W

(
-

)/

L
E

V
/

A
G

E



31

Tobit

4-3 4-4

H1 4-3

(TD) (IE) ( 1 0.1970 t 9.56)

H1

(SIZE) ( α2 -0.0234 t

-3.47) (GW)

( α3 0.0453 t 2.69)

(AGE) ( α5 0.0033 t 3.75)

(IND1) (IND2)

(IND3) (IND5) (

0.0550 0.0605 0.0831 0.1556 t 1.78 2.93 2.32 5.56)

LED 10

H2 4-4

(TD) ( β1 0.1470 t 4.16)

(TD)

(DSIZE) (TD*DSIZE) ( β3 0.0683 t

1.66) H2

Wald test

β1 β3 0 (β1+β3



32

0.2153 t 9.93) DSIZE=1)

(GW) ( β4 0.0483 t 2.84)

(AGE) ( β6 0.0032 t 3.62)

4-3 (IND1) (IND2) (IND3)

(IND5) ( 0.0549 0.0573 0.0747

0.1569 t 1.77 2.80 2.21 5.55)



33

4-3

)1(,

6

1

,5,4,3,2,10, ti

k

ktitititititi INDAGELEVGWSIZETDIE +++++++= ∑
=

Tobit (1)

t

Constant 0.3463 *** 0.0994 3.48

TD 0.1970 *** 0.0206 9.56

SIZE -0.0234 *** 0.0067 -3.47

GW 0.0453 *** 0.0169 2.69

LEV 0.0065 0.0436 0.15

AGE 0.0033 *** 0.0009 3.75

IND1 0.0550 * 0.0308 1.78

IND2 0.0605 *** 0.0206 2.93

IND3 0.0831 ** 0.0358 2.32

IND4 -0.0344 ** 0.0174 -1.98

IND5 0.1556 *** 0.0280 5.56

IND6 -0.0170 0.0155 -1.10

1015

X
2

182.37 ***

IE

TD
∑

=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

SIZE

GW ( - )/

LEV /

AGE

IND1~IND6 IND1 IND2 IND3

IND4 IND5 IND6

2. White

*** 1% ** 5% * 10%



34

4-4

)2(,

6

1

,6,5,4,,3,2,10,

ti

k

k

ittititititititi

IND

AGELEVGWDSIZETDDSIZETDIE

++

+++×+++=

∑
=

Tobit (2)

t

Constant 0.0395 * 0.0218 1.81

TD 0.1470 *** 0.0353 4.16

DSIZE -0.1082 *** 0.0164 -6.58

TD*DSIZE 0.0683 ** 0.0411 1.66

GW 0.0483 *** 0.0170 2.84

LEV -0.0028 0.0432 -0.06

AGE 0.0032 *** 0.0009 3.62

IND1 0.0549 * 0.0310 1.77

IND2 0.0573 *** 0.0205 2.80

IND3 0.0747 ** 0.0338 2.21

IND4 -0.0243 0.0168 -1.45

IND5 0.1569 *** 0.0283 5.55

IND6 -0.0164 0.0156 -1.05

β1+β3 0.2153 *** 0.0217 9.93

1015

X
2

186.72 ***

1.IE TD

1- DSIZE 1 0 TD*

DSIZE GW ( - )/

LEV / AGE IND1~IND6

IND1 IND2 IND3 IND4

IND5 IND6

2. White

*** 1% ** 5% * 10%



35

4-5

( 2 -0.0748 t -6.40)

( 2 0.0258 t 3.25)

1 0.1581 0.2193 t 5.12 6.41)

4-6 TD DSIZE

5%

(

β3 0.2463 t 4.01)

( β3

-0.0191 t -0.28)

3.63

(0.3398/0.0935)

(0.2114<0.2305)



36

4-5

)1(,

6

1

,5,4,3,2,10, ti

k

ktitititititi INDAGELEVGWSIZETDIE +++++++= ∑
=

t t

Constant -0.4295 *** -3.69 1.1230 *** 6.95

TD 0.1581 *** 5.12 0.2193 *** 6.41

SIZE 0.0258 *** 3.25 -0.0748 *** -6.40

GW -0.0091 -0.37 0.0446 ** 1.88

LEV 0.0448 0.68 0.0052 0.08

AGE 0.0010 0.79 0.0040 *** 3.62

IND1 -0.0024 -0.02 -0.0306 -0.75

IND2 -0.0653 ** -2.24 0.1405 *** 4.36

IND3 0.2013 *** 5.12 -0.0254 -0.64

IND4 -0.0517 -1.38 0.0125 0.25

IND5 0.1722 *** 4.24 0.1569 *** 4.90

IND6 -0.0314 -1.20 0.0247 0.73

507 508

X
2

189.88 *** 141.31 ***

1. IE

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J ijn i j

Ni i

SIZE

GW ( - )/

LEV /

AGE

IND1~IND6 IND1 IND2 IND3

IND4 IND5 IND6

2. *** 1% **

5% * 10%



37

4-6

)2(,

6

1

,6,5,4,,3,2,10,

ti

k

k

ittititititititi

IND

AGELEVGWDSIZETDDSIZETDIE

++

+++×+++=

∑
=

t t

Constant -0.0234 -0.69 0.1165 *** 2.67

TD 0.0935 ** 2.47 0.2305 *** 4.40

DSIZE -0.1247 *** -2.79 -0.1062 *** -3.99

TD*DSIZE 0.2463 *** 4.01 -0.0191 -0.28

GW -0.0068 -0.28 0.0544 ** 2.28

LEV 0.0637 0.98 -0.0199 -0.30

AGE 0.0024 ** 2.00 0.0035 *** 3.18

IND1 -0.0157 -0.13 -0.0525 -1.27

IND2 -0.0351 -1.20 0.1402 *** 4.26

IND3 0.1971 *** 5.06 -0.0100 -0.25

IND4 -0.0534 -1.41 0.0244 0.48

IND5 0.2049 *** 4.88 0.1608 *** 4.94

IND6 -0.0362 -1.38 0.0338 0.98

β1+β3 0.3398 *** 7.27 0.2114 *** 4.60

507 508

X
2

199.64 *** 122.96 ***

1.IE TD

1- DSIZE

1 0 TD* DSIZE GW

( - )/ LEV / AGE

IND1~IND6 IND1 IND2

IND3 IND4 IND5 IND6

2. *** 1% ** 5%

* 10%



38

10 LED

(flexible) LED

B to B (Business to Business)

LED

PCB

LED

4-7

( 1 0.2689 0.2676 t 5.32 3.23)
6

4-8

( β1 0.1571 t 1.14) (

β3 0.2152 p 0.1028)

Wald test

1 t (0.1812 4.72) (0.0828 0.81) (0.0347

0.28) (0.0975 2.26) (0.1190 3.51)



39

( β1+β3 0.3669 t 3.41)

( β1 0.2899 t 4.05)

( β3 -0.1629 t -1.71)

DSIZE

LED 2 4-9

LED

7

( β1 0.0836 p

0.2150) LED ( β1 0.3899 0.1941 p 0.0044

0.0885)

( β3 0.0177 p 0.4311) LED ( β3 -0.3799 p 0.0202)

( β3 -0.0074 p 0.4813)



40

4-7

)1(,,5,4,3,2,10, tititititititi AGELEVGWSIZETDIE ++++++=

t t

Constant 1.2074*** 7.30 0.6502* 1.74

TD 0.2689*** 5.32 0.2676*** 3.23

SIZE -0.0716*** -6.26 -0.0363 -1.43

GW 0.0333 1.06 -0.0293 -0.35

LEV -0.2762*** -2.39 0.0634 0.32

AGE 0.0069*** 3.80 0.0047* 1.47

179 143

X
2

69.80*** 13.78**

1. IE

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

SIZE

GW ( - )/

LEV /

AGE

2. *** 1% **

5% * 10%



41

4-8

)2(,

,6,5,4,,3,2,10,

ti

ittititititititi AGELEVGWDSIZETDDSIZETDIE

+

+++×+++=

t t

Constant 0.1661*** 2.68 0.1783* 1.78

TD 0.2899*** 4.05 0.1517 1.14

DSIZE -0.1367*** -2.76 -0.1724** -2.02

TD*DSIZE -0.1629** -1.71 0.2152+ 1.27

GW 0.0503* 1.58 -0.0282 -0.34

LEV -0.3323*** -2.86 0.0737 0.37

AGE 0.0077*** 4.08 0.0048* 1.51

β1+β3 0.1270** 2.02 0.3669*** 3.41

179 143

X
2

61.71*** 16.02**

1. IE

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

DSIZE 1

0

TD* DSIZE

GW ( - )/

LEV /

AGE

2. *** 1% ** 5%

* 10%



42

4-9

)2(,

,6,5,4,,3,2,10,

ti

ittititititititi AGELEVGWDSIZETDDSIZETDIE

+

+++×+++=

LED

t t t

Constant 0.0529 1.05 0.4688 *** 3.19 0.0361 0.33

TD 0.0836 1.24 0.3889 *** 2.85 0.1941 * 1.70

DSIZE -0.0431 -0.64 -0.1322 -1.51 -0.2580 *** -3.31

TD*DSIZE 0.0177 0.17 -0.3799 ** -2.05 -0.0074 -0.05

GW 0.0670 *** 2.82 -0.0876 -1.08 0.0876 ** 1.73

LEV 0.1291 1.25 -0.8738 *** -2.72 -0.0591 0.30

AGE -0.0029 ** -1.82 0.0066 ** 1.86 0.0111 *** 3.22

β1+β3 0.1013 1.33 0.0090 0.07 0.1867

57 57 65

X
2

18.62 ** 49.19 *** 30.84 ***

1. IE

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

DSIZE 1

0

TD* DSIZE

GW ( - )/

LEV /

AGE

2. *** 1% ** 5%

* 10%



43

(IE) Lev(2001)

(discovery) (implementation) (commercialization)

(

) ( 2005)

4-9

1 (TD) ( 1 0.0895 t 3.17 4-10

2 (TD) ( β1 0.1040 t

2.62 (TD) (DSIZE) (TD*DSIZE)

( β3 0.1004 t 1.93 Wald test β1 β3

0 0( β1+β3 0.2044 t 5.99)

1 2



44

4-10

)1(,

6

1

,5,4,3,2,10, ti

k

ktitititititi INDAGELEVGWSIZETDIE +++++++= ∑
=

Tobit (1)

t

Constant -0.3326 *** 0.0983 -3.38

TD 0.0895 *** 0.0282 3.17

SIZE 0.0326 *** 0.0068 4.77

GW 0.1168 *** 0.0213 5.49

LEV -0.1899 *** 0.0575 -3.30

AGE 0.0022 ** 0.0010 2.24

IND1 0.0777 * 0.0439 1.77

IND2 0.0552 ** 0.0264 2.09

IND3 0.0413 0.0344 1.20

IND4 -0.0317 0.0378 -0.84

IND5 0.1920 *** 0.0295 6.51

IND6 -0.0243 0.0260 -0.94

1015

X
2

174.08 ***

1. IE

TD ∑
=

−
J

j i

ij

N

n

1

2)(1 J nij i j

Ni i

SIZE

GW ( - )/

LEV /

AGE

IND1~IND6 IND1 IND2 IND3

IND4 IND5 IND6

2. *** 1% ** 5%

* 10%



45

4-11

)2(,

6

1

,6,5,4,,3,2,10,

ti

k

k

ittititititititi

IND

AGELEVGWDSIZETDDSIZETDIE

++

+++×+++=

∑
=

Tobit (2)

t

Constant 0.1297 *** 0.0301 4.30

TD 0.1040 *** 0.0397 2.62

DSIZE -0.0342 0.0284 -1.20

TD*DSIZE 0.1004 ** 0.0521 1.93

GW 0.1093 *** 0.0214 5.11

LEV -0.1281 ** 0.0571 -2.24

AGE 0.0034 *** 0.0010 3.45

IND1 0.0370 0.0440 0.84

IND2 0.0608 ** 0.0266 2.28

IND3 0.0234 0.0348 0.67

IND4 -0.0502 0.0380 -1.32

IND5 0.1642 *** 0.0297 5.53

IND6 -0.0434 * 0.0261 -1.66

β1+β3 0.2044 *** 0.0341 5.99

1015

X
2

153.01***

1. IE TD

1- DSIZE 1

0 TD* DSIZE GW ( -

)/ LEV / AGE IND1~IND6

IND1 IND2 IND3 IND4

IND5 IND6

2. *** 1% ** 5%

* 10%



46

20% >20% 1 <=20% 0) UDSIZE UDSIZE

1 UDSIZE 0 20% <20%

1 >=20% 0 DNSIZE DNSIZE 1

DNSIZE 0 TD

4-13 20%(UDSIZE)

20%(DNSIZE) (TD) ( β1

0.1509 t 5.78)

(TD) 20% (DNSIZE) (TD* DNSIZE)

( β5 -0.0036 t -0.06) Wald test

TD DNSIZE (β1+β5) (

0.1474 t 2.50)

(TD) 20% (UDSIZE)

(TD* UDSIZE) 1% ( β4 0.1965 t 3.10)

Wald test

2.30 (0.3474/0.1509) 2.36 (0.3474/0.1474)



47

4-12

)1(,

6

1

,6,5,4,3,2,10,

ti

k

kittitititititi INDAGELEVGWDNSIZEUDSIZETDIE

+

+++++++= ∑
=

Tobit (1)

t

Constant 0.0820 *** 0.0253 3.25

TD 0.1794 *** 0.0222 8.07

UDSIZE 0.0292 0.0209 1.40

DNSIZE -0.1461 *** 0.0199 -7.36

GW 0.0373 ** 0.0176 2.12

LEV 0.0105 0.0476 0.22

AGE 0.0036 *** 0.0008 4.40

IND1 0.0548 0.0360 1.52

IND2 0.0760 *** 0.0218 3.48

IND3 0.0924 *** 0.0283 3.27

IND4 -0.0202 0.0314 -0.64

IND5 0.1848 *** 0.0239 7.72

IND6 0.0053 0.0214 0.25

1015

X
2

230.84 ***

1.IE TD

1- UDSIZE 20% >20% 1 <=20%

0 ) DNSIZE 20% <20% 1 >=20%

0 TD*UDSIZE 20% TD*DNSIZE

20% GW ( - )/

LEV / AGE IND1~IND6

IND1 IND2 IND3 IND4 IND5

IND6

2. *** 1% ** 5%

* 10%



48

4-13

)2(,

6

1

,8,7,6

,,5,,4,3,2,10,

ti

k

kittiti

titititititititi

INDAGELEVGW

DNSIZETDUDSIZETDDNSIZEUDSIZETDIE

+++++

×+×++++=

∑
=

Tobit (2)

t

Constant 0.0859 *** 0.0270 3.18

TD 0.1509 *** 0.0261 5.78

UDSIZE -0.1080 ** 0.0483 -2.24

DNSIZE -0.1409 *** 0.0236 -5.98

TD*UDSIZE 0.1965 *** 0.0633 3.10

TD*DNSIZE -0.0036 0.0643 -0.06

GW 0.0377 ** 0.0175 2.15

LEV 0.0028 0.0474 0.06

AGE 0.0036 *** 0.0008 4.4

IND1 0.0553 0.0359 1.54

IND2 0.0827 *** 0.0218 3.79

IND3 0.0930 *** 0.0282 3.30

IND4 -0.0168 0.0314 -0.54

IND5 0.1977 *** 0.0242 8.16

IND6 0.0092 0.0214 0.43

β1+β4 0.3474 *** 0.0576 6.03

β1+β5 0.1474 ** 0.0590 2.50

1015

X
2

242.88 ***

1.IE TD

1- UDSIZE 20% >20% 1 <=20% 0) DNSIZE

20% <20% 1 >=20% 0 TD*UDSIZE 20%

TD*DNSIZE 20% GW ( -

)/ LEV / AGE IND1~IND6

IND1 IND2 IND3 IND4

IND5 IND6

2. *** 1% ** 5%

* 10%



49



50



51



52



53



54

2008

25 2 173-193

2005

10 2 57-86

2004

12 3 573-593

(Peter F. Drucker) 1985

http://cdnet.stpi.org.tw/techroom/pclass/2011/pclass_11_A203.htm

2007

45 27-55

2009

2006

11 3 1-30

2010

2010

2008

27 4 29-56

2001

29 1 69-87

2002

30 1 27-48

2002 35

1-29

2005

24 2 29-56
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