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ABSTRACT

As software(SW) has been considered as a key driver of the fourth industrial revolution,
significant R&D investment has been made by Korean government. Despite the attention
and support by the government, systematic analysis on the SW R&D efficiency has not
been fully addressed. In this study, the efficiency of SW national research and development
projects was analyzed using Data Envelopment Analysis(DEA) techniques. Efficiency was
measured from both static and dynamic perspectives based on 1,463 projects conducted
by the National IT Industry Promotion Agency(NIPA) from 2008 to 2018. The static effi-
ciency analysis identified the causes of inefficiency as scale and technology problems. As
a result of dynamic efficiency analysis, we present a sector—specific response model using
an efficiency-stability matrix. This study is meaningful in that efficiency analysis was
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conducted on the entire SW national R&D project, and static/dynamic efficiency analysis
results are expected to be used as a guideline for planning SW national R&D project.
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(Table 1) Previous Research on R&D Efficiency using DEA

Input Variable Output Variable Researcher
journal papers, patents, Lee et al.
R&D Budget, R&D researcher degrees awarded (2000)
R&D Budget, R&D researcher, journal papers, patents, Hsu and Hsueh
R&D Period government subsidy ratio commercialization (2009)
journal papers, patents, Byun et al.
R&D Budget, R&D researcher technology transfer (2009)
R&D Budget, R&D researcher journal papers, technology diffusion Kl(r;ogg)al,
R&D Budget, R&D Period, SCI papers, Impact Factor, patents, Park(2014)
Number of papers before the start of research | conference papers, degrees awarded
R&D Budget, R&D Period SCI papers Kim and Cho
(2019)
R&D Budget, R&D researcher, R&D Period journal papers, patents Lim(2020)

(Table 2) Previous Research on Software Companies Efficiency Using DEA

Input Variable Output Variable Researcher
Number of employees, Total asset, Sales Kim

Cost of sales (2005)
Number of employees, Total asset, Sales Ban and Han

R&D Budget (2014)
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(Table 3) DEA Models

Model Author

Descriptions

CCR and Rhodes

Charnes, Cooper | Assumptions of unchanged scale.
All DMUs are suitable for operations at the optimal scale.

Banker, Charnes

Assumptions with variable scale returns.

BCC and Cooper Classiﬁgation of Size Revenue Depression (DRS) and Size Revenue
Depression (IRS)
DEA Charnes et al. | Utilize for dynamic change analysis of DMU's relative efficiency over
/Window (1985) time period
DEA m¢ 2% % shbs wEsda 2 masks 4% 0 7109 oy A 3
DMU® &84 /W& flste] Wix]wk] i (Window) . & £&3te] HA LS of= WA
S 3=l vk olE 917 W7t 71 VA S ©]&3stth. DEA/Window 412 % #3 4
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(Table 4) Analysis criteria of DEA/
Window Model

category formula
Number of windows k-p+l
Total number of
DMUs for each window prn
Total number of DMUs Pxnxw
Window k(Odd) (k+1)/2
Width k(Even) {(k+1)/2}+1/2

% k @ Time length, p : Window Width, w : Number
of windows
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(Table 5) Industry Classification by NIPA

(Table 6) Input and Output Variables

Code original

1000 Communication equipment (ICT)
2000 Home appliance (Smart Home)
3000 Car

4000 | Industrial automation (Smart Factory)

5000 Office automation (Smart Office)

6000 Defense/Aerospace/Space
7000 Medical Equipment (Healthcare)
8000 Construction
9000 Shipbuilding/Marine
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(Table 8) Static Efficiency Analysis of 2017

DMU CCR Efficiency | BCC Efficiency | Scale Efficiency | Cause of Inefficiency
(TE) (PTE) (SE) PTE SE
Defense/Aerospace/Space 0.228 0.303 0.752 *
Construction 0.389 0.410 0.949 *
Smart Office 1.000 1.000 1.000
Smart Factory 0.644 0671 0.960 *
Smart Home 1.000 1.000 1.000
Car 0.228 0512 0.445 *
Communication equipment 0.467 0.487 0.929 *
Shipbuilding/Marine 0.548 0.905 0.606 *
Healthcare 0.345 0.791 0.436 *
Average 0.539 0.675 0.790
HbH PTE7F SERW 2h2 ZoH=333-5 & S48 925 "t 4 SW R&D
F A4, srlEE BAV7)E ESe] o) 48RFE dA0) 6Uc BEAS B
Ale] 714 F9ol Slrkal sfA Hrt W Aojtt, AA Hit 67) A=9-2 Hrgk
olc},
4.2 SEIN 528M <Table 9> A 7} Y9=5 "4+ DMUS]
284 Ao WgE ongith 284 A
2 A A= Azt mE &4 WHIE Al FHre 0.7080] 2, 19%=9-(2008~2013)=
=437 Y Zed aLA BAS S35 083322 67) 9=t T 7 =& 5845
Atk A4 7]7kE 200804 2018744 11 BTk 67] €1=-(2008~20181) 9] A& &
Hodd) s AESS e A4 (1) ol SWRED H5e) 584 WalFig 1
29 A E3le] 6ox AASI, = 679 9% s bl A3 Hit 284S steeta
$8 53 SWRD A5 5a4 e e FAW S glek
(Table 9) DEA/Window Analysis
. Commini= o/t Smart | Smart | D% et~ | Const- | PP | Overall
‘Window cation Car . Aerospace/ . |building
S — Home Factory | Office Space care |ruction Marine Mean
2008~2013|  0.795 0934 | 0800 | 0.756 | 0.927 0.707 0.735 | 0905 | 0935 | 0.833
2009~2014| 0.729 0.880 | 0.808 | 0.659 | 0.865 0.736 0705 | 0862 | 0.832 | 0.786
2010~2015|  0.644 0846 | 0.722 | 0.730 | 0.789 0.596 0634 | 0866 | 0.700 | 0.725
2011~2016| 0.569 0.830 | 0567 | 0.712 | 0.758 0.447 0622 | 0872 | 0.709 | 0.676
2012~2017|  0.486 0.830 | 0516 | 0660 | 0.760 0.396 0568 | 0.781 | 0.607 | 0.622
2013~2018|  0.394 0.801 | 0447 | 0831 | 0.752 0.370 0571 | 0.770 | 0493 | 0.603
Average 0.603 0.853 | 0643 | 0.725 | 0.809 0542 0639 | 0843 | 0.713 | 0.708




fol

54 F=rdaAd A A264 A2

LDY (Largest Difference between scores in
the same Year)= 7t SW 4§ #ofd 54
Ak Z&A Aol T Adigks mlstaL LDP
(Largest Difference between scores across the
entire Period)= A 717t 874 ¢te] Hoistk
o Hagke] Aol oW gt SD(EFHAD,
LDY, LDP #41& ‘&3 SW R&D &7 A
A3 & tigk b setdt = ok

<Table 10>9]A £217]7k2] AA|H
HEW ~utEE DMUZ} 085322 7}F
284S 7158l o, as- -+ DMU

= 0542% AR to] 7HE WA S AT

o
fr o
"

(Table 10> Dynamic Efficiency Ana-
lysis Results

DMU Overall| o1y |1 by | LDP
Mean
Communication | ¢y 1137 0283|0831
equipment
Smart Home 0853 |0.043]0613]0.99
Car 0643 10.140]0.333]0.929

Smart Factory 0.725 ]0.059|0.651{0.935
Smart Office 0.809 |0.065|0.383|0.758

Defense/Aerospace/ | <10 | 1460161 | 0.997
Space
Healthcare 0639 10.063]0.176]0.826

Construction 0.843 10.049|0.449|0.774
Shipbuilding/Marine | 0.713 |0.143|0.176{0.850

N
&

SDEHIGIA 7H4 g Hel Ao 3
DMUS= 2 gjofoln, 54
=€

49 A=l Wso] 7MY

]_

o}
rir

=9
S ol

55
Aoz vl

LDY#ol 7F¢ 2-& DMUE iHaha9-5
20161 7153819, A= Wso] & A
fzHoz $d dx &4 oA 71
o Aol 498 3 Ao ettty LDY#
o] 71 & ~rlERER DMUE 06512 715
ato] A’ g g4l 7P B slow
LFERSET)

A QA 71 ZEA e A H%
#ke] ztol’?l LDPgte] 2> DMUE Z~RE Q.
¥l DMU$ A4 DMU=Z 242} 0758, 0.774%
11dzke] &84 Wyt 718 2ottt whd o
T3F$-F DMU 749 09972 £4717 &

H

a7 b Ak

ICT Construction
HIGH He_althc_arg | Smart Office
Stability shipbuilding/Marine

Defense/Aeros oace/Space Smart Home
tow | Smart Factory
Stability | Car

Low efficiency High efficiency

(Figure 2) Quadrant Analysis Result

R&D At ] B #E7h=
o] H7tRE o] F At} & A
7 SHA(LDP 3h)S 33k
Aoz A2 FHelA SW
A A B A

4
it
ol
oX,

[~ to o
o
£ o

12 iy
& iga
[ dn lo mot =

o

o H
% l:; s

18 o
>

52
o
I
o
=
Im
n



285 F3 2t DMUES] 14171 407 spets|
DMUE 7Fe] Hlal 2 54 sjotte 7hsajzith

<Figure 2>29] tAA-G&A mEZ A=
<Table 10>2] DMU &&4 H1S XZH(05~
1.0), LDP #H0.76~1.0)9] eH443S YFHo = 3}
of {EY2E 483t DMUS] it =
o2 LDPgEe] #H &gk 07587 ik 0.997
Abol o] FZkEEe. 2 0.88(0.76~1.00)2 &3}
o] EYAS FA5I T

LDP ko] v+ DMU(0.76~0.83)+= At 4
o2 okg el DMUR SW #-&o] 443 &
ofg}al k™ LDP gho] =2 DMU(0.88~
10)‘~ }\]—]:HFH og B o]—zhs]— DMUZ SW xhg_
o] nAd&s A Aol A gstA] &S SWE
Aty {]_—?_r‘ﬂ_q-

e Al 9 56 5 e el 454 2p
3} o] Wag Popm geHr
5. 4 &

3 Ao A= DEAS ko] SW =7k

-]
=
>
|

ek
fo
ﬂ0\_,
05}
=
A
~
re
Y
=
T
T
>
rl
]:q,
fio
ox,
He
2
wn
W

B2

=8
(0)e]
S L
3 L
flo ot
o "
o )
» 9
-
g =
S
o
N

O
T3
N
Am OE %
o oyp
o 30 (%

RO o)
-

A BAl A SW R&D Hﬂr Lt
712k Bt 3 FA1E LrERL ol
AT FAb PR T zeln) W)
591 H3st A1%0] Pad Aol 712

3k AnlE O ¥ A Folr} 07582 &

|

r
FH 23

o

o,

fJ

s

2; tio O
011“] oXx, r—?L
P E
Nt

ﬁd
)
2
)

(

=
> e

X,
i
2
=

[m

il

Ak
to
2
m
W
W

(SN
2

o

oL
o
:H
N S
R
>
=
[
o g
HT
A
>
ofl
o =
Su
)
e of

? e
ko
o
M
)
fil
o
e

Lot
)
B
rﬁ
°
i)
ko
e

B AFE Ax2 SW 2778y A
A oz g4 248 =g do
o]o]7} glom, SW @ okl wE g

ko



56 FAAAHEI A A264 A28

Aol Fopd EAS nkdhx] Kslar duk
A R&D 43 7k 79 R AEanE &
s 7 dAAS 7HA A gtk 5 SW
R&D 9 SW 4§ akeitel dist 5do] a7
wo] F9J¥ AR 27t SR v ThE B
t on] Q= AHE dS F US AR Iy

References

[1] Baek, C. W. and Lee, S. B., “A Study on
R&D efficiency with the consideration of
qualitative performance Development Using
DEA,” Journal of Digital Convergence,
Vol. 9, No. 6, pp. 1-11, 2011.

[2] Ban, S. H. and Han, D. H,, “An Efficiency
Analysis of Korean Software Companies
using DEA,” The e-Business Studies(Tebs),
Vol. 15, No. 3, pp. 197-213, 2014.

[3] Bousofiane, A., Dyson, R. G., and Tha-
nasoulis, E., “Applied Data Envelopment
Analysis,” European Journal of Operatio-
nal Research, Vol. 52, No. 1, pp. 1-15, 1991.

[4] Byun, S. K. and Han, J. H., “Efficiency
Estimations for the government driven
R&D projects in IT industries,” Institute
for Law of Science & Technology, Vol.
15, No. 2, pp. 179-206, 2009.

[5] Han, D. S. and Shin, M. C., “Evaluation
of the effectiveness of academic research
support projects”, Journal of Governmental
Studies, Vol. 16, No. 3, pp. 185-215, 2010.

[6] Hsu, F. M. and Hsueh, C. C., “Measuring
relative efficiency of government —spon-
sored R&D projects: A three-stage ap—
proach,” Evaluation and Program Planning,
Vol. 32, No. 2, pp. 78-186, 2009.

[7] Jeon, S. ], Lee, J. S and Hong, J. B, “R&D
Efficiency Analysis Case of the Machine
Tools Industry by Using DEA,” Journal
of Technology Innovation], Vol. 24, No.
4, pp. 27-54, 2016.

[8] Kim, C. B., “Efficiency Determinants of
Banking Industry and Financial Policy in
Korea,” Journal of Industrial Economics
and Business, Vol. 25, No. 1, pp. 801-825,
2012.

[9] Kim, J. M. and Cho, N. W., “An Analysis
of Efficiency in Korea IT industry using
DEA,” Society of korea Industrial and
Systems Engineering, Journal of Spring
Conference, pp. 32-39, 2010.

[10] Kim, K. J.,, “Productivity Analysis of Soft-
ware Industry in Korea,” Productivity Re-
view, Vol. 19, No. 1, pp. 9%-111, 2005.

[11] Kim, K. S. and Cho, N. W,, “A Case Study
on Qualitative Efficiency of National R&D
Projects on Technical Performances : Fo-
cused on Livestock Quarantine,” Journal
of Society of Korea Industrial and Sys—
tems Engineering, Vol. 42, No. 4, pp. 8-15,
2019.

[12] Kim, T. H,, Kim, I. H.,, Ahn, S. B., and
Lee, K S, “A Way to Enhance Efficiency
of Nuclear Program in Korean R&D Pro-
gram by Data Envelopment Analysis,”



Journal of Korea Technology Innovation
Society, Vol. 12, No. 1, pp. 70-87, 2009.

[13] Lee, C. H,, “A Performance Management
Model of National Health and Medical
R&D Program,” doctoral dissertation, Sung
KyunKwan University, 2014

[14] Lee, H. S. and Kim, H. S., “Measuring
Relative Efficiency of Korean Life Insu-
rance Companies Employing DEA/Win-
dow Model,” The Joumal of the Korea Con-
tents Association, Vol. 8 No. b, pp. 192-
206, 2008.

[15] Lee, H. Y., Park, Y. T., and Choi, H. G.,
“Comparative evaluation of performance
of national R&D program with hetero—
genous objectives: A DEA approach,” Euro-
pean Journal of Operational Research, Vol.
196, No. 3, pp. 847-835, 2009.

[16] Lee, K. B. and Mo, S. W., “Productivity
and Dynamic Efficiency of Regional R&D
Investment in Korea,” Korean Industrial
Economic Association, Vol. 26, No. 1, pp.
333-345, 2013.

[17] Lee, S. H, Kim, S. H, and Lee, S. ], “Ripple
Effect Analysis of Regional Industry Tech-
nology Development Using DEA,” Journal
of Digital Convergence, Vol. 9, No. 6, pp.
1-11, 2011.

[18] Lee, S. H, Kim, T. S., and Lee, H. Y.,
“Measuring the Dynamic Efficiency of
Government Research Institutes in R&D
and Commercialization by DEA Window
Analysis,” Korean Operations Research
and Management Society, Vol. 32, No. 4,

DEAE @83t SW 3771 8Ary &84

A 57

Hr

pp. 193-207, 2015.

[19] Lim, Y. H., “Analyzing the Efficiency of
Defense Basic Research Projects using
DEA,” The Korea Academia-Industrial
Cooperation Society Vol. 21, No. 7, pp.
517-524, 2020.

[20] Moon, K. J., “Measuring and Evaluating
the efficiency of Public Libraries: the Case
of 21 Public Libraries in Busan,” Korean
Society and Public Administration, Vol.
20, No. 2, pp. 59-92, 2009.

[21] Moon, K. J., Lee, K. S., and Kwon, H. ],
“Benchmarking the Regional Patients Using
DEA: Focused on A Oriental Medicine
Hospital,” The Journal of Society for e~
Business Studies, Vol. 19, No. 3, pp. 91—
105, 2014.

[22] Park, H. S., “Measurement of R&D effi-
ciency in NT and BT fields using DEA:
A case of Basic Research Programs in
Korea,” doctoral dissertation, SungKyun
Kwan University, 2014.

[23] Park, S. and Na, J. K., “A Study on the
Efficiency analysis of Defense R&D Pro-
ject by using DEA model: Focusing appli-
cation and testing technology,” Journal of
Business Research, Vol. 30, No. 3, pp. 57—
84, 2015.

[24] Park, S. J., Kim, K. H,, and Jeong, S. K.,
“The Study on the Analysis of Efficiency
of Governmental R&D Programs Regar—
ding to the S&T Outcomes,” Journal of
Korea Technology Innovation Society, Vol.
14, No. 2, pp. 205-222, 2011.



58 FAAAHEI A A26d A28

[25] Seo, Y. H. and Kong, Y. I, “Development
of SW R&D for Future Growth Power,”
SPRI, Issue Report 2019-005, 2019.

[26] Seo, Y. W. and Chae, S. W., “A study of
appropriateness evaluation method for qua—
lity activity management of Software R&D
Project,” Journal of Digital Convergence,

Vol. 13, No. 8, pp. 91-99, 2015.

[27] WHITE PAPER OF KOREA SOFTWARE
INDUSTRY 2019 , SPRI, 2020.

[28] Yeo, I. K., “Technological Assesment on
public R&D Activities,” The Korea Society
of Information Technology Applications,
pp. 433-439, 2002.



A
A

( Z A} & 7Y >

(E-mail: seokhyun.ro@seoultech.ac.kr)
Aty E23 (3

Auadieta SRIZAASTA FGe (A4
Mgae7lsdsta IT8ddEdstd

AR EA| 28 (PAFY)

Social Network Analysis, Data Mining,
Business Performance Analysis

]
wn
=l

M

DEAE &83 SW I7Hd-#dAd &84

4% (E-mail: nwcho@seoultech.ac.kr)
19941 Agdista A st (3hah)
19061 g st AIF e (4Ah
2001 HAgtal Aelgstat (A
0004 ~A AgIEIEta At as

ok Social Network Analysis, Business Performance Analysis



