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In this paper, scale efficiencies and relative efficiencies of R&D projects in Industrial Technology Program, sponsored by
Ministry of Trade, Industry and Energy, Korea, are calculated and compared. For the process, various DEA (Data Envelopment
Analysis) models are adopted as major techniques. For DEA, two stage input oriented models are utilized for calculating the
efficiencies. Next, the calculated efficiencies are grouped according to their subprograms (Industrial Material, IT Fusion, Nano
Fusion, Energy Resources, and Resources Technology) and recipient types (Public Enterprise, Large Enterprise, Medium Enterprise,
Small Enterprise, Lab., Univ., and etc.) respectively. Then various subprograms and recipient types are compared in terms of
scale efficiencies (CCR models) and relative efficiencies (BCC models). In addition, the correlation between the st stage relative
efficiencies and the 2nd stage relative efficiencies is calculated, from which the causal relationship between them can be inferred.
Statistical analysis shows that the amount of input, in general, should increase in order to be scale efficient (CCR models) regardless
of the subprograms and recipient types, that the Ist and 2nd stage relative efficiencies are different in terms of the programs
and recipient types (BCC models), and that there is no significant correlation between the 1st stage relative efficiencies and
the 2nd stage relative efficiencies. However, the results should be used only as reference because the goal each and every subprogram
has is different and the situation each and every recipient type faces is different. In addition, the causal link between the 1st
stage relative efficiencies and the 2nd relative efficiencies is not considered, which, in turn, is the limitation of this paper.
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<Figure 3> Virtual Price-based BCC Model
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Resources Technological Outcome
- Gov. Grant 1%t Stage - Patent
- Private Share 9 - Paper
- Man - Technology Transfer
-Time - Technological Improvement
Economical Outcome
- New Product Development
»|  2ndStage P

Additional Resources - Sales

- Cost Savings

-Time - Employment
- Private Share

<Figure 5> Input-Output Transformation
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<Table 1> R&D Projects(1st Stage) _
(Unit : #)
Enterprise )
- - Lab. Univ. etc. Total
Public Large Medium Small
Industrial Material 0 46 9 55 18 5 9 142
IT Fusion 0 1 1 7 10 5 5 29
Nano Fusion 0 8 3 38 3 3 2 57
Energy Resources 22 56 0 178 183 33 2 474
Resources Technology 3 1 0 28 36 6 0 74
Total 25 112 13 306 250 52 18 716
<Table 2> R&D Projects(2nd Stage) .
(Unit : #)
Enterprise .
_ . Lab. Univ. etc. Total
Public Large Medium Small
Industrial Material 0 38 9 48 14 5 9 123
IT Fusion 0 1 0 5 7 5 5 23
Nano Fusion 0 5 2 24 2 2 1 36
Energy Resources 15 38 0 147 151 28 381
Resources Technology 2 1 0 24 31 6 0 64
Total 17 83 11 248 205 46 17 627

<Table 3> AR Restrictions

Stage Factor AR Restrictions
. t(=
Gov. Grant(= v,) 01 < %g 1o
Private Share(= v,) Vl
Ist Stage Input 0.1<—2<10.7
Man(= v;) !
] 0.1<—< 93
Time(= v,) 1
Patent(= 5
atent= ) 0.0< 2211
Ha
Paper(= 1) "
Ist Stage Output 0.1<—<55
Technology Transfer(= 1) ‘j‘
: 01=Bo5,
Technological Improvement(= ) Hi
Gov. Grant(= v)) 01<2<ag
91
Private Share(= 1) v,

2nd Stage Input

Man(= ;)

Time(= v,)

Additional Time(= v;)

Additional Private Share(= v;)

0.1<—<144
v,

0.1 < —< 36
Vs

0.1 < —<0.8

12
0.1< —<1.7

2nd Stage Output

New Product Development(= ;)

Sales(= ;)

Cost Savings(= 1)

Employment(= 1))

04 < —=<21.0

0.1 < —<14.1
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ol MR ke AF/MES AAS A3, 95T 5%

oA 7)zbe 4= Q) 3(p-value = .000), A+ 2 A(63%), ITH
(72%), Y8 3H(58%), oA AH(84%), 12| 3L 2H1 7]
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Aoz W F7) o] BA ) %44 FgA40] A
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AU HOE B @ 4 vk ARopEE el e
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<Table 4> 1st Stage Scale Efficiencies for Program Types
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<Table 5> 1st Stage Scale Efficiencies for Recipient Types

(Unit : #)
Scale Efficiency Total
Inc. Cons. Dec.
Public 24 1 0 25
(.4701) 96% 4% 0% 100%
Large 77 2 33 112
Enter (:4343) 69% 2% 29% 100%
prise Medium 9 0 4 13
(.5596) 69% 0% 31% 100%
Small 244 6 56 306
(.4890) 80% 2% 18% 100%
Lab. 199 5 46 250
(.5607) 80% 2% 18% 100%
Univ. 39 3 10 52
(.6422) 75% 6% 19% 100%
Frc. 11 1 6 18
(.6471) 61% 6% 33% 100%
Total 603 18 155 776
(.5187) 78% 2% 20% 100%
[ -test P =20.986, d.f. =12, p—value = .051 |

<Table 6> 1st Stage Input Slacks for Program Types

(Unit = #) Input Slack s,
Scale Efficiency Total Gov. Private Man Time
Inc. | Cons. | Dec. Grant | Share | _
Industrial Material 92 ) 50 7 (Unit = Mil.) [ (Unit : Mil.) |(Unit : Man){ (Unit: Month)
nau: F
(4236)* 63% 1% 35% 100% Industrial Material 126.27 263.21 .03 83
. 0 0 0 0 * k|
T Fusi ) 1 7 2 (4672) 393.21 378.89 23 3.28
usion '
(.6857) 2% 3% 2% 100% IT Fusion 774.08 598.01 .00 .09
Noto Fusi 3 > ) 57 (7119) 2334.16 | 2066.02 .00 34
ano rusion .
e O
Energy Resources 397 12 65 474 . - . - :
(.5389) 84% 39 14% 100% Energy Resources 169.59 195.64 2.90 .04
. 0 0 0 0
5932 415.59 567.74 9.08 54
Resources Technology 62 1 11 74 ( )
(.5503) 847 1% 15% 100% Resources Technology | 102.90 7.05 2.17 .00
. 0 0 0 0
Total 603 3 55 76 (:5947) 221.16 18.02 | 5.70 04
ota
(5187) 78% 2% 0% 100% Total 174.31 203.97 1.98 34
(:5698) 595.28 62657 | 742 3.11
| Xz-test** ‘ x?=47.647, d.f.= 8, p—wvalue = .000 |

Average of Relative Efficiencies(Input-based CCR Model).
"™ See Mendenhall, et al.[8].

Average of Relative Efficiencies(Input-based BCC Model).
! Average.

" Standard Deviation.
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<Table 7> 1st Stage Output Slacks for Program Types

<Table 9> 1st Stage Output Slacks for Recipient Types

Output Slack s Output Slack s
Patent | Paper | Tech. Tech. Patent | Paper | Tech. Tech.
Trans. | Improv. Trans. | Improv.
(Unit: #) | (Unit:#) | (Unit:#) | (Unit:Score) (Unit:#) | (Unit:4#) | (Unit:#) | (Unit:Score)
Industrial Material 49 36 15 1.92 Public 17 .06 .03 6.59
(4672) 70 84 42 3.95 (:5179) 28 2 09 483
IT Fusion 17 18 09 2.2 Large 44 48 18 3.38
(.7119) 42 61 36 4.84 Enter (:4316) 61 1.03 51 541
Nano Fusion 50 43 14 2.86 prise Medium 38 25 04 121
(.5622) 74 1.02 42 5.96 (.5884) 67 47 15 2.56
Energy Resources 2 09 07 5.06 Small 28 12 08 5.5
(.5932) 34 37 28 5.2 (.5510) 49 39 31 5.61
Resources Technology 26 03 04 4.83 Lab. 26 06 08 3.62
(.5947) 35 11 14 4.86 (.6063) 37 21 26 451
Total 29 16 09 420 Univ. 23 08 05 291
(:5698) A8 56 32 5.18 (:6783) 42 40 17 4.57
efc. 40 54 03 1.86
<Table 8> 1st Stage Input Slacks for Recipient Types (6787) 79 1.59 09 3.76
Total 29 16 09 4.20
Input Slack s, (:5698) 48 56 32 5.18
Gov. Private Man Time
(Uﬁﬁ%_) (Uairt‘?ﬁ'_) (Unit: Man) | wnit: Morty| ~— <Table 10> 1st Stage Relative Efficiencies for Program Types
Public | 26179 | 713.17 6.19 00 vy e Ao, S Dov.
(S179) | 43212 | 159150 | 9.55 00 Industrial Material | .0382 | 1.0000 | 2765 | 2174
Large | 253.04 | 55639 | 4.28 37 IT Fusion 0247 | 10000 | 4438 | 3704
Enter | (4816) | 48673 | 58252 | 1369 211 Nano Fusion 0474 | 1.0000 | 3008 | 2341
prise | Medium | 103.08 | 12424 00 17 Energy Resources | 0327 | 1.0000 | 3102 | 2042
(3889 | 15599 | 218.36 00 60 Resources Technology | 0576 | 1.0000 | 3237 | .1889
Small | 14812 | 8238 1.09 43 Total 0247 | 10000 | 309 | 2173
(5510) | 684.06 | 37545 2.86 434
Lab. 14172 | 126.21 2.12 16 Kruskal- X2 = 14578, d.f. =4, p—value = 006
(.6063) 41652 | 39739 | 7.87 1.36 Wallis test
Univ. 11484 | 96.65 76 63 "See Mendenhall, et al.[8].
(.6783) 386.55 | 20235 231 3.58
etc. 684.05 318.53 00 73 <Table 11> 1st Stage Relative Efficiencies for Recipient Types
(.6787) 1603.84 | 2261.21 00 2.80 vy ™ Ave TS Dev.
(ngtgaé) ;;‘5‘;; 222?; ;zz 3’3141 Public | .0327 | 1.0000 | 2597 2127
' ‘ ' ‘ Enter Large 0384 | 1.0000 | 2211 1636
prise | Medium | .0527 | 1.0000 | .4209 3207
ARA ko] 271" 7FA7}A 7)5 BCC R8-S o] &3t Small 0247 | 1.0000 | 3088 2023
of 7|8 R&D ZRZAEWR [0/ A EeAS AL Lab. 0420 | 1.0000 | 3192 2114
o o] Apeliops . gl Faky|EE e QA A Univ. 0723 | 10000 | 4518 2909
-~ ete. 0382 8371 3204 2653
= <Table 10>} <Table 11>l LhEbl Wke} 2. <Table Total 0247 | 10000 | 309 | 2173
10>0. 258 7P37Ae B3t gr st dulasde —
ruskal-

Atk #Agle] A& Arke AT S AT 4
3, ol4z 5%l A 717k 4 9 T(p-value = 006), ©
B ITHEH(4438) > AL7]4(3237) =l WA AH9(3102) =
3H.3008) > A AA(2765)9] +£US & 5 ATk
<
_]

‘..

-
a
s
e}
=

Table 11>Z58 717120 3t AR 3o A
AE el #Aglel AR Ao AR S

o 1

X* =49.310, d.f-=6, p—value =.000

Wallis test

AR A3, 7T %A 714E 5 A A(p-value =
000), o] &= t3H(4518)=F719(4209) > 71EK3204) ==
3192)=27191(.3088) > &71%(.2597) =t 714(2211)
o]

ne
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¥,
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<Table 12> 2nd Stage Relative Efficiencies for Program Types

Min. Max. Avg. | Std. Dev.
Industrial Material .0093 1.0000 1038 1289
IT Fusion .0033 2134 .0408 .0423
Nano Fusion 0135 2088 0729 0510
Energy Resources 0152 1.0000 1627 1205
Resources Technology | .0523 3677 .1606 .0602
Total .0033 1.0000 1413 1177
Kruskal- ) .
Wallis test % =144.629, d.f. =4, p—value = .000

<Table 13> 2nd Stage Relative Efficiencies for Recipient Types

Min. Max. Avg. |Std. Dev.
Public 0154 1.0000 2119 2235
Enter Large 0149 | 1.0000 | 1175 | .1685
prise Medium .0306 .6492 1434 1877
Small .0206 1.0000 1473 1078
Lab. .0033 5256 1431 .0814
Univ. 0117 4706 1370 .1006
etc. .0093 5951 .0880 1431
Total .0033 1.0000 1413 1177
\Kiﬁisskii—st 2= 52517, d.f.=6, p—value =000

43 F dtigEd 22| %7

CHr = .032). 12} F Aag4d Atold i
fthe AF7HE S AR A, Fo5E 5%ClA 7
& = AtHp-value = 424). wHebA A2, 1TSS,

o OO e o

QrEAGAN N 163 ol AR
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2nd Stage Relative Efficiency
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<Figure 6> Correlation between Efficiencies
(r =.032, p—wvalue =.424)
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