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The current environment of technological and competitive changes influences not only the business R&D environment but 
also government driven national R&D strategies. Open innovation has now become an important paradigm that is replacing the 
outdated paradigm of closed innovation. Many companies and nations have been increasing R&D investment because R&D has 
been considered a driving force for national and corporate competitive advantage. The purpose of this paper is to evaluate and 
compare the performance of R&D focused on open innovation according to scientific and technological outputs which is based 
on paper publications, patents and etc. Comparisons should not be only based on the quantity but also on the quality of the 
output. This paper shows that it is possible to develop DEA models that utilize the Analytical Hierarchical Process in order 
to transform the qualitative index into a quantitative index. Hence, the relative efficiency for R&D organizations is obtained 
based on both quantity and quality outputs and subsequently provides comprehensive and realistic methods for decision makers 
to identify levels of project efficiency.
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<Table 1> R&D of the Transaction Cost Perspective

Classification Internal R&D External R&D

Position

Decrease to coodinate, 
manage and control the 
R&D activities of the 
partners involved : 
Investment rate, R&D 
People, Cost sharing, etc.

Increase to coodinate, 
manage and control the 
R&D activities of the 
partners involved : 
Investment rate, R&D 
People, Cost sharing, etc.

Risk
Decrease information, 
control systems and 
decision processes

Increase information, 
control systems and 
decision processes

Benefit

Decrease time, costs of 
searching and selecting 
suitable R&D partners. 
The buliding of 
path-dependent 
knowledge stock.

Cost saving of R&D.
Innovative performance.
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<Figure 1> Concept and Classification of R&D Performance

3. 배경이론과 연구모형
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<Table 2> Weights of Sub-indicators of Input/Outputs Measures using AHP

Input Weights Output Weight Output Weight

Number of R&D People 0.19 Papers in SCI Journal 0.22 Patents Granted 0.11

R&D Schedule 0.36 Major Conference Proceedings 0.14 Patents Licenced 0.14

Open Innovation R&D Rate 0.45
External Co-author Rate 0.09

Technical Level 0.15
Citation Papers in SCI Journal 0.15

<Figure 4> The Result of CCR Model
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DMUs

Input Output

R&D
People

R&D 
Schedule

Open 
Innovation
R&D Rate

SCI
Journal 
Papers

Major 
Conference 
Proceedings 

External 
Co-author 

Rate

Citation 
Papers in

SCI Journal

Patents 
Granted

Patents 
Licenced

Technical 
Level

1 11.5 12 0.07 0 1 0 0 15 2 0.67
2 5.5 11 0.00 0 0 0 0 9 1 0.56
3 4 9 0.10 0 0 0 0 5 2 0.56
4 12.4 11 0.25 1 1 0 2 24 3 0.56
5 10.3 12 0.00 2 3 0 0 8 3 0.67
6 22 12 0.04 0 3 0 0 20 2 0.44
7 14.5 12 0.00 0 3 0 0 20 2 0.44
8 8.5 12 0.28 0 3 0 0 18 2 0.78
9 9.2 10 0.30 1 8 0 2 15 2 0.67

10 13 12 0.22 0 8 0 0 18 2 0.67
11 11.5 12 0.24 0 6 0 0 8 3 0.78
12 9.5 12 0.00 0 1 0 0 32 2 0.56
13 10.4 12 0.07 0 1 0 0 13 1 0.56
14 29 12 0.12 0 4 0 0 38 2 0.78
15 12 12 0.05 0 1 0 0 5 1 0.44
16 29 12 0.07 0 0 0 0 24 2 0.44
17 14 12 0.20 0 2 0 0 16 1 0.56
18 5 12 0.01 0 0 0 0 3 0 0.67
19 7 12 0.00 0 1 0 0 9 2 0.33
20 7 12 0.02 1 1 1 0 8 1 0.33
21 7 12 0.00 0 1 0 0 5 1 0.44
22 7 12 0.00 0 1 0 0 6 0 0.33
23 8 12 0.04 2 2 0 0 9 0 0.44
24 6 12 0.00 0 0 0 0 5 1 0.44
25 13 12 0.12 5 2 0.4 19 14 1 0.56
26 8 12 0.00 0 1 0 0 8 1 0.56
27 5 12 0.00 1 0 0 0 19 0 0.33
28 8 12 0.00 1 0 0 0 4 0 0.44
29 11.7 12 0.00 0 1 0 0 10 1 0.22
30 6 12 0.00 1 1 0 0 6 1 0.22
31 8 12 0.00 1 1 1 0 6 1 0.78
32 25.6 12 0.00 0 2 0 0 8 1 0.22
33 5 12 0.00 2 3 0.5 0 7 1 0.22
34 5 12 0.00 1 4 0 2 8 1 0.56
35 8.5 12 0.10 0 1 0 0 5 0 0.22
36 15 12 0.00 4 0 0.5 0 10 0 0.44
37 6.5 12 0.00 2 3 0 0 7 1 0.33
38 6.5 12 0.00 1 2 1 3 6 1 0.44
39 4.4 12 0.00 0 1 0 0 3 1 0.33
40 4 12 0.00 1 1 1 0 4 1 0.78
41 5 12 0.00 0 2 0 0 5 1 0.33
42 8 12 0.00 1 3 1 0 8 0 0.44
43 4 12 0.00 0 2 0 7 10 1 0.56
44 5.7 12 0.00 0 0 0 0 6 1 0.33
45 17 12 0.00 5 7 0 0 14 2 0.67
46 5 12 0.00 0 0 0 2 5 0 0.33
47 11 12 0.03 1 1 0 0 6 1 0.56
48 8 12 0.00 5 0 1 6 7 2 0.44

<Table 3> Performance Data from the year of Establishment of the Project DMUs to 2011
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DMUs

Input Output

R&D
People

R&D 
Schedule

Open 
Innovation
R&D Rate

SCI
Journal 
Papers

Major 
Conference 
Proceedings 

External 
Co-author 

Rate

Citation 
Papers in

SCI Journal

Patents 
Granted

Patents 
Licenced

Technical 
Level

1 2.185 4.32 0.03 0.00 0.14 0.00 0.00 1.65 0.28 0.10
2 1.045 4.00 0.00 0.00 0.00 0.00 0.00 0.99 0.14 0.08
3 0.76 3.24 0.05 0.00 0.00 0.00 0.00 0.55 0.28 0.08
4 2.356 4.00 0.11 0.22 0.14 0.00 0.30 2.64 0.42 0.08
5 1.957 4.32 0.00 0.44 0.42 0.00 0.00 0.88 0.42 0.10
6 4.18 4.32 0.02 0.00 0.42 0.00 0.00 2.20 0.28 0.07
7 2.755 4.32 0.00 0.00 0.42 0.00 0.00 2.20 0.28 0.07
8 1.615 4.32 0.12 0.00 0.42 0.00 0.00 1.98 0.28 0.12
9 1.748 4.00 0.13 0.22 1.12 0.00 0.30 1.65 0.28 0.10

10 2.47 4.32 0.10 0.00 1.12 0.00 0.00 1.98 0.28 0.10
11 2.185 4.32 0.11 0.00 0.84 0.00 0.00 0.88 0.42 0.12
12 1.805 4.32 0.00 0.00 0.14 0.00 0.00 3.52 0.28 0.08
13 1.976 4.32 0.03 0.00 0.14 0.00 0.00 1.43 0.14 0.08
14 5.51 4.32 0.05 0.00 0.56 0.00 0.00 4.18 0.28 0.12
15 2.28 4.32 0.02 0.00 0.14 0.00 0.00 0.55 0.14 0.07
16 5.51 4.32 0.03 0.00 0.00 0.00 0.00 2.64 0.28 0.07
17 2.66 4.32 0.09 0.00 0.28 0.00 0.00 1.76 0.14 0.08
18 0.95 4.32 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.10
19 1.33 4.32 0.00 0.00 0.14 0.00 0.00 0.99 0.28 0.05
20 1.33 4.32 0.01 0.22 0.14 0.09 0.00 0.88 0.14 0.05
21 1.33 4.32 0.00 0.00 0.14 0.00 0.00 0.55 0.14 0.07
22 1.33 4.32 0.00 0.00 0.14 0.00 0.00 0.66 0.00 0.05
23 1.52 4.32 0.02 0.44 0.28 0.00 0.00 0.99 0.00 0.07
24 1.14 4.32 0.00 0.00 0.00 0.00 0.00 0.55 0.14 0.07
25 2.47 4.32 0.05 1.10 0.28 0.036 2.85 1.54 0.14 0.08
26 1.52 4.32 0.00 0.00 0.14 0.00 0.00 0.88 0.14 0.08
27 0.95 4.32 0.00 0.22 0.00 0.00 0.00 2.09 0.00 0.05
28 1.52 4.32 0.00 0.22 0.00 0.00 0.00 0.44 0.00 0.07
29 2.223 4.32 0.00 0.00 0.14 0.00 0.00 1.10 0.14 0.03
30 1.14 4.32 0.00 0.22 0.14 0.00 0.00 0.66 0.14 0.03
31 1.52 4.32 0.00 0.22 0.14 0.09 0.00 0.66 0.14 0.12
32 4.864 4.32 0.00 0.00 0.28 0.00 0.00 0.88 0.14 0.03
33 0.95 4.32 0.00 0.44 0.42 0.045 0.00 0.77 0.14 0.03
34 0.95 4.32 0.00 0.22 0.56 0.00 0.30 0.88 0.14 0.08
35 1.615 4.32 0.05 0.00 0.14 0.00 0.00 0.55 0.00 0.03
36 2.85 4.32 0.00 0.88 0.00 0.045 0.00 1.10 0.00 0.07
37 1.235 4.32 0.00 0.44 0.42 0.00 0.00 0.77 0.14 0.05
38 1.235 4.32 0.00 0.22 0.28 0.09 0.45 0.66 0.14 0.07
39 0.836 4.32 0.00 0.00 0.14 0.00 0.00 0.33 0.14 0.05
40 0.76 4.32 0.00 0.22 0.14 0.09 0.00 0.44 0.14 0.12
41 0.95 4.32 0.00 0.00 0.28 0.00 0.00 0.55 0.14 0.05
42 1.52 4.32 0.00 0.22 0.42 0.09 0.00 0.88 0.00 0.07
43 0.76 4.32 0.00 0.00 0.28 0.00 1.05 1.10 0.14 0.08
44 1.083 4.32 0.00 0.00 0.00 0.00 0.00 0.66 0.14 0.05
45 3.23 4.32 0.00 1.10 0.98 0.00 0.00 1.54 0.28 0.10
46 0.95 4.32 0.00 0.00 0.00 0.00 0.30 0.55 0.00 0.05
47 2.09 4.32 0.02 0.22 0.14 0.00 0.00 0.66 0.14 0.08
48 1.52 4.32 0.00 1.10 0.00 0.09 0.90 0.77 0.28 0.07

<Table 4> Relative Weighted Input and Output Score
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DMUs Score Return to Scale Rank DMUs Score Return to Scale Rank DMUs Score Return to Scale Rank

1 0.9304 irs 23 17 0.6801 irs 37 33 1.0000 - 1

2 0.8051 irs 30 18 0.8339 irs 29 34 1.0000 - 1

3 1.0000 - 1 19 1.0000 - 1 35 0.2818 irs 48

4 1.0000 - 1 20 1.0000 - 1 36 0.8749 irs 26

5 1.0000 - 1 21 0.6296 irs 41 37 0.8740 irs 27

6 0.8754 irs 25 22 0.4839 irs 45 38 1.0000 - 1

7 0.9194 irs 24 23 0.7872 irs 31 39 0.7669 irs 33

8 1.0000 - 1 24 0.6391 irs 40 40 1.0000 - 1

9 1.0000 - 1 25 1.0000 - 1 41 0.7842 irs 32

10 0.9889 drs 22 26 0.7270 irs 34 42 1.0000 - 1

11 1.0000 - 1 27 1.0000 - 1 43 1.0000 - 1

12 1.0000 - 1 28 0.6016 irs 43 44 0.6485 irs 38

13 0.7192 irs 35 29 0.4629 irs 47 45 1.0000 - 1

14 1.0000 - 1 30 0.6415 irs 39 46 0.5236 irs 44

15 0.6043 irs 42 31 1.0000 - 1 47 0.6883 irs 36

16 0.8569 irs 28 32 0.4763 irs 46 48 1.0000 - 1

<Table 5> Ranks Obtained by Integrated AHP-DEA Model(CCR Model)

<Table 6> Comparison between Arithmetic Mean and Integrated AHP-DEA model

DMUs Arithmetic Mean RANK CCR RANK DMUs Arithmetic Mean RANK CCR RANK

1 5 23 25 20 1

2 27 30 26 32 34

3 42 1 27 36 1

4 16 1 28 35 43

5 11 1 29 29 47

6 13 25 30 19 39

7 1 24 31 25 1

8 9 1 32 43 46

9 3 1 33 44 1

10 4 22 34 47 1

11 8 1 35 48 48

12 6 1 36 25 26

13 34 35 37 22 27

14 10 1 38 17 1

15 38 42 39 44 33

16 7 28 40 24 1

17 15 37 41 41 32

18 39 29 42 22 1

19 28 1 43 2 1

20 33 1 44 21 38

21 14 41 45 12 1

22 40 45 46 37 44

23 18 31 47 46 36

24 29 40 48 29 1
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