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[Abstract]

The arrival of the U.S. fleet led by Perry in 1853 in Uraga (present-day Yokosuka City, Kanagawa
Prefecture) marked the beginning of Japan’ s entry into the international community after more than 200
years of national isolation. At that time, Japan was mainly a handicraft-based country, and the gap between
Japan and the West, which had already introduced science and technology to its industries through the
Industrial Revolution in the late 18th century, was widening. In this context, Japan began to focus on the
introduction of advanced science and technology and research and development in an effort to catch up
with Europe and the United States.

This was an appropriate course of action given Japan’ s resource-poor situation. Japan placed emphasis on
the application of science and technology to society and industry, positioning science and technology as
the foundation of the nation and planning for its subsequent development. For example, the Tomioka Silk
Mill, which opened in 1872, contributed to technological innovation in the silk industry as a full-scale
mechanical spinning mill. The Yawata Ironworks, which started operation in 1901, was a full-scale
ironworks responsible for iron production. The Meiji government actively promoted science and
technology as the center of its industrial development policy. The subsequent development of science and
technology in Japan has been remarkable. After World War I, Japan ranked third in the world in
shipbuilding capacity after the United States and the United Kingdom. In 1940, the Japanese Imperial
Navy adopted the Zero fighter aircraft, which astonished the world with its 3,000 km range, sophisticated
aerodynamic design, and lightweight fuselage combined with a 1,000-horsepower engine. Japan’s
recovery from the devastation of World War II was backed by the development of science and technology:
in the 1950s, the textile industry, with its modern facilities, expanded exports; in the 1960s and 1970s,
steel, nonferrous metals, and chemicals drove the economy; from the late 1970s, general machinery,
automobiles and other transportation equipment, home appliances, and semiconductors dominated the
world. In the 1980s, Japan ranked first in the world in the production of TVs, VIRs, and semiconductors,
and the share of Japanese cars in the U.S. rose to about 30%, leading to trade friction. In the 1990s,
however, the situation was changing drastically with the bursting of the so-called bubble economy. The

share of the semiconductor market declined, and production of TVs shifted to South Korea, China, and
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other Asian countries. In addition, some companies in Japan have continued to struggle with the

production of LCD devices. And the country has lagged behind in the transition to a digital society and is

far behind the world leaders in the fields of semiconductors and software, where it was once the world’ s

best. In this paper, we examine this situation related to scientific and technological development by

measuring the efficiency of scientific and technological development using DEA and SFA. Then,

international comparisons will be made based on the results. In other words, based on the results of the

measurement of the efficiency of scientific and technological development, various problems related to

science and technology will be found, and issues to be considered for the future will be presented.
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Fig.2.1. Research expenses per person
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Fig.2.2. Number of researchers per million people
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Fig.2.3. Number of international patent applications in
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Fig.2.4. Number of scientific papers in all fields

— UsA ;
640000 -
m—— Japan I/
¢ 560000~ = China /
g2 ===+ Germany /
© i /
3 480000 - =" Singapore 7

—— France

[«

400000 - — Taiwan

=
b=
[
2 == Korea
g 320000 -
”
G /’
S P
= 240000 ,
2 -
2 7
£ 160000 ’
3 /7
= e
80000 Tonase..eio SRR UL e W
R ey ———
1998-05 2003-05 2008-05 2013-05 2018-05
Date

(M) NSF, HA7: fF, fEO 707 F A TR

D, EEMMETENS RSN, —T5, KRE,
FEl 1 2000 4FACHT P 2 & it 75 US4 & s 12 Y
MEETBYEMATNGEL TV D, T2, A
FUYA, FAYIEEICHLZIEE ZHINSE
TWwa,

Fig25. 7 b HAIL, BHEEEAirb % 2489 AM
DEBISHE L TV AT AR b0 72, Yol
1 2 WEFE B FE DB I B\ THE M e AMA D
Badhs,

Fig26. &, ekl 44 2 2 5 o0 A3 A i 4
Td bo 2000 441X, HA D HERSAN 54 8
JE S DA INATIAE 13 6000 48 NIV 55 & At o> S o % 5]
LB L TRIAKETH 57285, ZOBOMUIIII
EAERL, BROSETOR T ZRLT
Who —J, RENIAHF LAY THIMliiE 2 0K
SETWVDe 72, WENE 2005 4F DRI 208



REFHAT B O RN BT 2 IR 25

Fig.2.5. Number of science doctoral degrees
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Fig.2.6. Value added in knowledge-intensive industries
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Fig.2.7. Value added in KT industries per person
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YV, =f (s 2o X35 0 2,) 0 (311)

Y;
:f(xliv Xoiy X34 777 xni) exp (Ui) TE, (3.12)

(313 50) (MERRAY 7% BRI & & LRI 7 2R
EETH Y, BARhE TE, 13 (31450 TR
EOYY (WS

Y, :f(xuv Xoiy X34 °°7 xni)eXD (Uz’) -+ (313)

Y

TE, =
v <x1iv Xoi X340 *77 X,:) €XD (Ui)

-+ (3.14)

22T, TE; I 1UTOEDHZESL DT
(X315) KT S, 2FV, u; =0T TE;
=1¢%0, u,=TTE, =0&%5,
KEETlE, EEBERFELTCaTy sy A%
Mwbde 2 EAEMEAZ, Bl6X) &40,
SR E LU B17X) kb, 22T, B
&, B18K) THRIRZ MV THD, 72, u;
(&, FEER D OB IR RS,

TE,=exp(—u;), u;>=0-- (315)

Yi =% « gl o i ~xll.3 (316)
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In Yz' =ay +z ﬂj * lnxj,‘ + V; —U; " (317)
j=1

B= (B, Bz Bs -, B, - (318)

SFA Tl&, WML 4 X0 v & EREMN
u \CHERGAT 2 ET Bo ARTIE, EEIHZE
L7 2 A4 Rsr L IEFEREOAFTE LT (319
X)) TEIT 5,

E;, =V — U; " (319)

2T, FEERNR A XG0 & IERIEM u
WIS TH D, F7z, 0, WWTIER DA, u,; 121X
B GA, 2% h, B20:), B21X) %K
ET %o

v; = Normal (0, %) -+ (3.20)
—00 <y, < 0

u; = Normal (0, a?) -+ (321)
0<op; <o

PELTF=Hh5 B15RK) D8 x—%%
LT GB17R) 2RDT, SHITHEENLR
A X5 v & R u % 58 L TR R %
il g

4. SRICAVWET—%

ARETHMICH VT =5 1%, LTFO#E) TH
b, £9, MARICHEDLLTFT—F & LT, OECD
B LTV B IF5eH — A4 7 ) W e 58 % o 4
W — %, WIFEE T UNESCO AL Tw5
AIT100 5 AK72 0 OFFEE B DOFERT— 5 % H
Wiz, F7z, ERRFERFHEIE, WIPO 2SAB LT
W 5 B ) 4<%y (Patent Cooperation Treaty,
PCT) 12320 i o EB M5 0 & 50 B o

Gz, EREDSABH LTV A KEOANIDF— %
ZRALCTALI100 5 AM72 D I8 LT, FR
T—=5 & UTER LA L7z,

B o5 £ 80%, NSF 2528 L Twa [
Bk7 — % X — A Scopus | (2SI NIEER SN
BB OmMXOETE %, EFRFRFHERE U<
EREDS A L CW A KEONODF—% 2 i L
TALI100 A7 D ICEHB LT, FRT—F &
L AR LRI L 726

BH2 Rt 5 S E BUE, NSEF AR L Tw
% ISCED 2011 @ LEVELS X\ — 2 O 2247 D 4345
Bo&iHiz, R0 EEISAHL TS AN
T =% TAIT100 H AY47- 0 IS LT, EK
T—=F L LTERB LU L7,

—J5, BEMIZE D A A fE A L2 D W T,
NSF 2525B L T 2 H ek il 45 9 7 72 3 o £+
lAEAE & FEEAYAR LT 5 2016 4E US FILR—
ADEZGDP OF—4 %, EEONOT—5 %
fEH L C— A472 ) ofilifEg & L THERT —
F R LT L7z 2B, Z Z CTHIsRFAm4E
RoRpEREY Xk, fMizegdi, EEM v
Va—%— -l 7 lu=z R - e fle
WRFZERTEY — Y X, V7 by 7 IBEE, &
- BoAr, HEPEL, PREERERZR BRMEE, by
AR, SRl - WakARSE, IT - WEBE Y —
CAMERENPEEINT WA,

UEDX )iz, ARE LTHZRE —AN72D
Wroeh s, AL 100 73 ANY%7- 0 oWi7ez 5, [H
U< AT 100 5 AN 0 o FERBARFF R, AL
100 5 AN %720 o fp 5 R L5 HUEE K A
100 73 N2 720 OF 75 X D3RI D 5 HE O
T i, —F, EHEE, AEEETERS
RIBESE DA It AE & 558 GDP @ 2 FiHTH %

72720, WigeE— AN D WhZER s, AL
100 5 AN 4720 ofFgeE 8, AL 100 5 A %4720
DR R L IS E R AR E LT, EilE
Z N1 100 75 AN 2472 0 o E BRI BB & VA
1100 5 A7) OFRFamsL o5 £ L Lo
btk o7z, DF 0, WZEHEE, WEE
TG HEHRA L LT, EOREDFEBETH
FEER B2 R L DR ER DR ST 5 O Hh
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2N L7ze BEME & U CREEI 2 A4 A4 &
VEF 2% B HERFRE L L\ o Z A A E D ATRYER Y

WCHEREIN TV 27-:0TH 5L, 72721,

oW, EHREP2OTHIVHEED-O
DEAIZL B0 ICIb N5,

B, KETHOMNEE LzDIE, NSF 2R
F LT 5 2019 412 BT 2 HIGR BT 54 B 3
DA Il fEAE L A2 10 2N TH D, AEGD5HTI2
PEBT =5 P RoNHKRE, PE, HAE A

v, BE, ¥EE, 750A, 45708 HEI,

ExRELTOADEEL RV OD, OECD 3%
295 NO— A7 0 WFZEpH 562 < BAL 10 7 =
WCADDPOHAREY EMICHEH Y Y HTR=LE R
v r—FrEMAZI0AEE L, L2L, &
F DB THW T =7 DN, W DOhDF—%
BN RE TR AR IN T2V ONH %,

FOlw, FAmE LTH7REE— ANN720 5t
B%EE, A1 100 5 A4720 owfgeER, F U<
AIT100 J5 A 4720 o FEIBAEF B, AT 100
TIANG72 0 OFERG L ORER O A HO 7 —
LA AVA A 8 5 B

g, T ORMOBRT, WIS
B ZECL > THMHEL LT VAR —
EMABIENTELLDTH D, 72, At
FEARIZ D WTIE,  HIRRAAT 44 2L R 2 o0 A il i
FELEEE, R 77— ORHOBRTA
V=T VDRSNS S NS, L,
It fE%E % 928 GDP & L72¥5A1%, 4R

L7210 nEETH IR ER D, 2D LI,

AR TIZEIR L 22040 7 — 7 12 X o THOH R E
MR DD r — A THM %477 272,
BARRIZIE, AR L LTHFgEE — A 4720 if
JebsER:, AL1100 5 AN2472 0 offfeE %, [T
CAI100 5 AE72 0 o E B R RF R, A
100 H AL 720 ot Rl s UfsE KR AD
100 73 AN 2472 ) OFFER L D FERED 5 FE O
Ty HWT, EHREIL, RPN R R S
OFFIEER & L, oAt % 8 Al & L7z
r—Z 1o MULEARSHBOT—5 2w
T, BRI, FEEGDP 2 HWTHIu4% 9
HEE L2 — A2, 61T, FARE LTI

Tabled.1. 7—ZX1~4 DHEAEREEHERS S UD
M REDEK
A or EME#H | F—A1Fr—A25—A3|r—24
e % O O @) @)
" oiEi e O O @) O
B o] o o
Rl R IS O O O
B R LD F T O O O
eSO O
Y | B GDP O @)
SR | el B 1 R @)
B RS DI R O
ST G D KL 8 9 9 10

H— AU WFZeB s, A 100 5 A4%720 @
WF7eg %, A 100 5 A2 72 ) ofb R A5 E)
BE EHEE LT, AD100 HAY720) olF
BRI X OSAT 100 5 A Y72 ) ofk R
WL DFERE LMLz 9 hEN L7z — A
30

Pe A& UCifZes — A 472 ) iFgeR st A
1100 75 A47- 0 offzes%, H L < ALT100 75
N472 0 O EIBSFERFEEE, AIT100 5 A4720
DR FRRLDRERD A DT — % %, N
HITFEEGDP 2V THMNGE 10 7 EE L
e —Z 4o VLD ADDr — A %5H L7,

Tabledl. 127 — A 1005 4 O AN B, #EH
HRK, SN REORE RT .

75, SATHIRICOWTIE, AR, ElEE
LTS 27— 212k o TARBIM SR 5 72
O, BTOTFT—=FPAAIN TS 2004 EH 5
20194EF TE Lo 72720, BHeHfpaztg,
BA L CHEMDPE SN D T TS O 2
BWCThbEEZ, —HWEW7EHm & L T4 48R
BT L EMELT, AR, EHEL D 44EH
DF =5 OFHEE ATz 2F ), SR,
2004-2007 4E, 2008-2011 4E, 2012-2015 4E,
2016-2019 SED 4 Wi & L 720 2 4 IR L
T, TNENERTHALEZr =2 105 4 D%
Wit -7z
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5. DEA 8&U SFA DEFILOfEE

ZZTIE, 32.B X033 THI%E L 72 DEA &
SFA DETIVIZ 4 THEIB A HIH L 727 — % %38
HLTETVERE, SHLE L-&EORY:
HrBAFE B b B %2 54T 5o

¥4, DEA ®EFIVIZDOWTIE, CCR EFL,
BCCEFNVDENZFNIZOVWTEH 2 b7 —
FEFVWTDHMEMEBL AT v 7 #H L7,

BARBYIZIZ, CCR EF IV & BCC EF VD)
& % VLN — |21F GLPK? (GNU Linear
Programming Kit) %, €7V ¥ 7 v — )ik
pyomo ' Z vy, python \Z &k o THAD T s
FAhEERLT (X32), (X33), (X37) %
&, DRRMBBIOIAS v 7 ZFHIL 720

SFA 22w Tk, (X317) Ko g 2 -5 %
(3X318), (X319 DHIF G2 Mk L T
LT, M EROTVLE, ARTIdHEEEE L
TREEZHOEY, BEEZHVE2DI12E,
BT B B R % S L C el AL R % 7 < LAY
Hbo ARgTIE, SFAIZOWTWEMBED SO 7
F L 2B, Tim Coelli Kl X o TR &
727 7 A — ¥ a3 v TdH 5 FRONTIER
Ver4.l'™ % B v 72 L 7% L, FRONTIER
Ver4.1 1% 1996 SEMA M TH Y, + XL —
TAYITIVATLANDOS TH A, T—FNn
VRV Y TR EDETHENRD B, EBICIE
FRONTIER Verdl # RO 54 751) —, LT
A4l L 72 Package ‘frontier’ ¥ % R ~N— A T
L72c RR—ZIIBMMEI NI LT, +XLV—
T A VTV RAT DA T A RIS TR o 726
Package ‘frontier’ & 4. THMH L7=F—% 12k D
SFA &R\ 7=83 M0 50 &2 177% - 72,

kB, Hew L7 ORMREN R ) 4 X5
v RN E RS u OEREFAEEZFNRENR 0,
Lo, e35L, X5 ET (Fr=), (K52)
Z o (V7<) LIHER, JERIERME u ORERE(R
o, ZMEL, RN 7O T4 TEFVORY
Yofflibh s 1,

Oy

r (Hv=) = —(au .

-« (5.1

o (V7 =) =(a2+ g2)? - (52)

22T, T (Fv~) BHRATHLHhHHEED
IBETIE RS MMEIZR D TO tIEOBE
3z B LN, WEMRT =L, z-value TH 5,

6. FIERIFEFREDMEMEDIHHER

ST, 4 THHLET—ARZ, DEA,
SFA DZFNZENDOGNFFERERT L & DITHHT
MEREERTLILEPOLEONIAMAEZRLTY
<o

6.1. ¥—2 1 ODHHBR

T3, AR E LTHIZRHE— A7) WFZeR %
o ONIT1100 5 A%7-0) off7es8, AL1100 75
AN472 0 O EFFEFF M, A100 75 A%72 0
DR R AU E R, A1T100 5T A472) o
R L OBERD S BHO7T— 5 %, Eihi
(&, — A7 1) ORGSR R 3 o A il il
HEL, ohingEEZ 8 AEE Lizr—2 1 0%
Mkl % Table6.1. 12773

Table6.l. 25 3 CCR EF VDO R A b
L AFVA, 7T AZ 2007 405 2019 £ F
TO 4 DD TRIFAEIL 07 ~08 TH Y,
PR L VI FHIER E otz T2, wED
2011 AELLRE ORI ZRAEIZ 07 ~ 08 TH 0, FEw=E
EWIHFERTH B, KENZ, 2004 4~ 2010 41
07~09 TH Y IEMETH 7245, 2011 4 LIk
D DRFEIF L TH YRR RIRE~BAITL T
W5, Fig6l.7* 5 BCC & F NV @ D &34l % A
5E, AL CCREFNVEIFIZFLETHY, 4
F1) 213 2004 ~ 2007 ED R TH - 72 DA
FIREFELRIRETHY, FAFVRLETT
A1 CCR & [ U < Zi#r il ik % 0l L CIERDR
THo7zo HED 2010 FELIEIE, FERYH 2 IRE
MHEHE L CTWwWbH, —, HAIEXCCREF W,
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BCC €7V & 12 D REAEIE 3T D47 I YA, US:KE, SE: 2% z—F>, SG: ¥~
T1THORENLIRETDH 72 HAE—I

(X39) TR LZZBEEORZHM Se #5535 R.N: W% %, R&D.E: W%, D.D:
&, 2016-2019 4 CTHEE A 09 FEE L IKWETH
n, EEDBCC EF IV THRMALEL TWn5D Table.6.1. DEA & SFA Efficiency value: CASE_1
Z NN D. HENX 2. T L 720E D 2010 Country | (KTVadd. 5input, loutput)
DIREIE, WREBBe e B 2 IR SETH Y, CCR 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
BB O Se DA S, BHAFAFBHZICE L GB 0.8262 0.7631 0.8013 0.8357
THBOBFIC L 2RED Do 722 LA S h ; 13222 (1)222(2) (1)‘;(1)22 ;Zgig
Bo LU, SARORIMNZ IS > 72 A CN 10000 1.0000 1.0000 10000
SNTRVTeD, e TIETwL L% DE 10000] 10000 10000  1.0000
AbNbs HED Se i z@L Tl THh P 1.0000 1.0000 1.0000 1.0000
D, ZoOMEOHARIZEEHANHISICE L TR FR 08135 0.8024 07383 07546
MaRETH D E L DITHBIZ L D IH—%ET Us 08728 0.9014 10000 1.0000
Hol2 T EWMERTE B, BCC 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016

GB 10000 0.7861 09744 0.8522

/\Talileﬁ.l. b, CCR_% T v BCiCjE 7; ﬂ/@ IT 1.0000 1.0000 1.0000 1.0000
ARG ROMEINIIZIZFR U TH D, FRIIFRFET KR L0000 pp— P— 09933
& B WG E & A EIEIZIE - L T b, CN 1.0000 1.0000 1.0000 1.0000

2016-2019 4ED CCR ETF VB A T v 7 & &t DE 1.0000 1.0000 1.0000 1.0000
$5 L 724 45 Table62. T %o Table62. 46 P 10000| 10000  10000| 10000
£EY AT, DR TR I FR 08152 0.8081 0.7421 0.7752
. _ . o e 1 e US 0.8829 0.9527 1.0000 10000
fRL 77 v ATEBEAR, AT EEC A SFA 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
7y 7 BRMSNIz, Thbb, AT v 795 GB 09918 0.9908 0.9653 0.9993
SNBAERL, EHICHFVEMTE TV IT 0.9948 0.9675 09376 0.9993
WZ EERRIELTWD, KR 09620 0.9268 0.9842 09993

WIZ, SFA O4OMER%2 A 5 & 2016-2019 4¢ CN 0.9001 0.9832 0.9917 0.9993
DAL, S [ 0 % C TR & DE 0.8912 09511 0.9874 0.9993
FHIS 7, UL, 2004405 2015 05 (0 e
RRTIE, 3L A LETORRRETIFR % US 0.7374 0.8669 0.9502 0.9993

REE o TWz, 4B, FERIERZRT v O
Wl 7 o, D z-value B LT (N51) TRLZT  1ape62. DEA CCR KT VAD: Slack in 2016-2019y:

(=) Ofix, 2004-2007 HixZF L 37, CASE_1:
099 & Eh - 7228, FORIFTF L 2016-2019 4F Country| RN |R&DE| DD | PA | PN |KTVadd
120002, 0 K< o TWb, 2%, 2016- GB  |101029 | 21197 | 11397 | (0.00)| (0.00)] 0.0
2019 FF R R 2 LT w3 HETIE AL, IT 000 000 000] 000 000| (000
Table6l 22557 % & 3 124~ CT D 45Hi i 4 [ KR [167954 | 1306 | (000) (0.00) (0.00)  0.00
A o . oe T o0l ool o0 o0 o] o0
(#£) Table6.l. ~ 68 THH SN TWwBitFix Ll P 000 000 000 000 000 000
TO@EY TH %o FR 54218 | 000| 3769 029| 000] (0.00)
E% GB:AXVRA, IT: 4%V 7, KR: HH, US 000 000| 000] 000| 000 (000

CN:W[E, DE: FA4 >, JP: HA, FR: 77 in5, outl | x1 x2 x3 x4 x5 vl
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BRI L IR, P.A - RS RREL
P.N: FHERR LRI, KTVadd - FIaHE
YRR OHMANA, R_GDP : %1 GDP
WFRS ALIB72) OF =5 Th b

6.2. T—R 2 ODABR

W, r—A1LHEARIFLT, EHRTHS
NI 4E %2 928 GDP & L7247 — R 2 D5 ik
B % Table6.3. 12779, Table6.3. %* 5 ¥ 93 CCR
ETFTNOMFME AL LHEE, A7 z—F v, H
E, Ao zZEL CIERE LT
Ho AFXVYR, 75 AT 2015 4 F TLEIERR
TH o778, HEIED 2016-2019 FFITREMIC -
TWwb, F72, KE, 17V 7, ARERIERL
FHllEhTwd, Zofnix, BCCEFNVTDH
FIEFR LU TH B, 7272, BCCEFNVTIZA X
YA, HENZGATIIE Z 8 L TN TH 5,
Table64. 1Z, 4 — 2 2 ® 2016-2019 4£ ® CCR
ETNPHAT v 7 &R LIEERTH S, CCR
ETFNCHMETH - 2HE, AV z—Fr, H
E, FAYTHREEBEDAS v 7 38t &hiz,
Bz, WEOZ Ty 7131459 A& K& W, fE
X, 2. CTHZXHITAE 100 5 A%72 0 oigeH
a2 ETwED, LTFLLENTH
H—AY720 DFYE GDP OAFEICEHBTE TW»
BWIRIERL TS, ZOfl, A7 2—FrD
WrFe &8, EBRETFIEERO AT v 7 K E v,
CCREF NV, BCCEFNDOFERENS (5X39)
DBBEORFNE Se DIE X FHHR T 5 &, HED
092, 27 =—7 %3087, HEHN080 & 1% K
ELTHS>TEY, HBEOREIHETE 2, &
ENZ, 77— 1 O5H#ER T b BB O R AR
ENTBY, F—R205WkERIETr — A 1 O
RLEBEEDND D,

SFA Ok gIE, 7 — A 1 LIZIEF Ui R
Lo THY, 2016-2019 4E 134T D55

TRHEME ZR>TWD, LAaL, 2004-2015 411,

ETOHN N RE»IERFETH 5. SFA DI
il x L MRS % &, KRE ORI
BELRLDTHbD, ¥—A1RTr—2Z 20 CCR
ETINV, BCCETNVOGHKREEENITERE
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Table.6.3. DEA & SFA Efficiency value: CASE_2

Country | (RealGDP. 5input, loutput)

CCR 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 0.8306 0.9402 1.0000 1.0000
1T 1.0000 1.0000 1.0000 1.0000
KR 0.7377 0.6341 0.5775 0.5422
SE 0.6413 0.6962 0.7162 0.7536
CN 1.0000 0.9619 0.8884 0.7959
DE 0.8661 0.8301 0.7884 0.7706
JP 0.9703 1.0000 1.0000 1.0000
FR 09270 0.9387 0.9675 1.0000
Us 1.0000 1.0000 1.0000 1.0000
BCC 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 1.0000 1.0000 1.0000 1.0000
1T 1.0000 1.0000 1.0000 1.0000
KR 0.7764 0.6823 0.6133 0.5898
SE 0.6848 0.7376 0.7649 0.8653
CN 1.0000 1.0000 1.0000 1.0000
DE 0.8764 0.8429 0.8021 0.7876
JP 1.0000 1.0000 1.0000 1.0000
FR 09318 0.9438 0.9755 1.0000
Us 1.0000 1.0000 1.0000 1.0000
SFA 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 0.9996 0.7946 0.9294 0.9989
IT 0.9996 0.8823 0.6859 0.9989
KR 0.9996 0.6859 0.6415 0.9989
SE 0.9996 0.6363 05372 0.9989
CN 0.9996 0.8504 0.8138 0.9989
DE 0.9996 0.8778 0.7897 0.9989
JP 0.9996 0.9543 0.8826 0.9989
FR 0.9996 0.9792 0.9685 0.9989
Us 0.9996 0.9944 09719 0.9989

Table.6.4. DEA CCR Real GDP: Slack in 2016-2019y:

CASE_2:

Country| RN |R&DE| D.D PA PN | R_GDP

GB 0.00 0.00 0.00 0.00 0.00 (0.00)
1T (0.00) 0.00 (0.00)|  (0.00) 0.00 0.00

KR 1459.34 000 | 1098 | 4818 0.00 (0.00)
SE 890.30 (0.00)|  (0.00)| 16246 0.00 (0.00)
CN 262.05 0.00 0.00 (0.00)] 19.39 (0.00)
DE 21582 (0.00)| 3764 | 49.88 0.00 (0.00)
JP 0.00 0.00 0.00 0.00 0.00 0.00

FR 0.00 0.00 0.00 0.00 0.00 0.00

US 0.00 0.00 0.00 0.00 0.00 0.00

in5, outl | x1 X2 x3 x4 x5 yl
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5 L&, RENIFHAHAMHIE DRI L TR
WRIREZMERF LTV AL ER00 5,

IR Z LT u OEEFE o, D zvalue B X
O (X51) TRLET (Fr=) oftild, 2004-
2007 SECIEENENA44, 0L z-value \$E 0>
722, T (Hr~<) Fi3lT0THho 720 2008-
2011 4R i3 ZFhFh 373, 099, 2012-2015 4E1x %
NEN30, 099 TH o 720 F 72, 2016-2019 4
EENZEFN00, 00THo72e TD LI,
zvalue L T (F =) PHIZEWETDH - 72
2008-2011 4E B &£ ¥ 2012-2015 F1, FExhFE%E FR
FTuHEEL%Y), Tableb62. 5d0h5 L9
12, 2L O REOMFEEIMET LTS Z
LW h. —, 2016-2019 4E1%, FERIER A F
T ulIBFEETIE R L, Tableb2 254 TOHN
SR ENIRIEN TH > 720

6.3. ¥—R 3 ODITHR

BARTIIIEE — AU D AFgE3sE, A
100 5 A4720 oWfgeEE, A11100 5 A%72D
OFERE L Z A B O 3O T—5 & L,
PR 2 AT 100 75 A 2472 0 o EIFBEE T IR EL
ANIT100 5 A4 720 oL o5 £ Ko 2 fii
DF—% L7 H—A3O0HMERZ
Table65. 12779, Table6s. 2*5 CCR ET IV D
DHAEE B &, 2012-2015 4F & 2016-2019 4E
DA XY ABIOKE, FUTZ CTHHrIN4
TCEE, hE N1y, 75 ZABEMFEE
oTWwhb, BCCEFLOREDEIIHDL DD
OEHMIZIZIZF U TH Y, HE, Ny, 75
ANF L A LD P CIRFTEIIL > T b,
CORERNS, WE, v, 77 AT, W
JEEE, WHERIEE, B LIS E ok
A, BRI, B oRERE o
TR AP BAFE L B o 2 I AR BE M D AR E L2 Y
I TE TRV ERG0 5.

Table66. 1Z, 7 — A 3 ® 2016-2019 4E 2 B 1
5CCRETFNDPLHEMLIAT v 7 OFHERFHR
TdH b, Table66. 2> HEEEIX 257 A, 7T ¥ A
13302 AOWFEERD AT v 775, KETHTEE
— AN4720 573 K, KA TH 324 PV &5

BHREBTRERAT y Z7HROND, HETIL,

F—A1, F—RA2THWIEERIZAT v 7 HA
LT ehs, B ROBEEIIFV DL
EZXbNB, 77V A=A 1 THAEFHD A
Ty 7EHIENTEY, FEHTREFHERTH S,
CCRETI, BCCETFNVDOMERDLBBEOR)
K Se D% FHET HE, 41X AH075,
EA3093, AW x—F 23087, HEH095 & 1

Table.6.5. DEA Efficiency value: CASE_3

Country | (Real GDP. 3input, 2output)

CCR 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 1.0000 1.0000 0.8592 0.7082
1T 1.0000 1.0000 1.0000 1.0000
KR 0.8510 0.9231 0.8043 0.7299
SE 1.0000 1.0000 1.0000 1.0000
CN 0.8579 0.9259 09135 0.9465
DE 0.9872 0.8509 0.8449 0.8591
JP 1.0000 1.0000 1.0000 1.0000
FR 0.9102 0.8272 0.7261 0.7080
Us 1.0000 1.0000 0.9457 0.8320
BCC 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 1.0000 1.0000 1.0000 0.9386
1T 1.0000 1.0000 1.0000 1.0000
KR 0.8616 0.9346 0.8597 0.7819
SE 1.0000 1.0000 1.0000 1.0000
CN 1.0000 1.0000 1.0000 1.0000
DE 1.0000 0.8733 0.8964 0.8665
JP 1.0000 1.0000 1.0000 1.0000
FR 09104 0.8277 0.7605 0.7281
Us 1.0000 1.0000 1.0000 0.8386

Table.6.6. DEA CCR Real GDP Slack in 2016-2019y:

CASE_3
Country| RN |R&DE| DD P.A PN
GB 000 | 3407 | 6806 | (0.00)] (0.00)
1T 0.00 0.00 0.00 0.00 0.00
KR 257.29 000 | (0.00)| 000| (0.00)
SE 0.00 0.00 0.00 | (0.00)] (0.00)
CN 50.04 0.00 0.00 | 2363 0.00
DE 000 | 32418 | 6848 | (0.00)] (0.00)
JP 0.00 0.00 0.00 0.00 0.00
FR 30209 | (0.00)| 14.23 0.00 | (0.00)
US 0.00 | 57328 9.50 0.00 |  (0.00)
in3, out2 | x1 x2 x3 yl y2
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5%, ANE100 5 A7 0 ofgeE$, AL 100
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GDP & L7247 — A 4 O5hrkEH % Table6.7. |27
To r— A4 TIE, BRI GIUEE Rt
THIET, MF=FPRMAIN TRV Vh
R= Ve GHRRELTED D, TOME, 5
R EX10 4 E & % B, Tableb7. 5 % §
CCRETND DA A D &, HE, U7
K=, XA z—7r, HE, A I25NHH
2L TIRIFENFELE L >TWD, T/, 45
Z, HAIF, 2004-2011 4 F CTlIIFERFETH - 72
A5, 2012-2019 FFIIRHEMIC R > TnWb, 7T ¥
A1F 2015 4F F TIRIERTETH o 7228, HAEAD
2016-2019 £ 1IIRIRIC R > T Do F 7z, K,
A 50 TSI EE L TR L EHl S h
TWwb, ZOMMIE, BCCEFIVTHIZIZFL
THhb, 272L, BCCEFIVTIEA ¥V X,
ENZ I 2@ L TR TH S, 2 OREI,
r—A2 LIZIZFR LHERTH 5,

Table6.8. 1Z, 7 — A 4 @ 2016-2019 4E 2 B 1
5CCRETFADNHAT Yy 7 Gl B LIERTH
%o CCR ET IV TIETH - 7-HiE T 1459 A,
VUHR=NVTIAN, FAVT215 ADW5EHE
BDORT v 7 PEHE Nz, HEOHFEEED A
T 7IEr—A1~3THEHIENhTBY, Th
FTORRELBALTVDL, FAYHF7Xr—22T
EIZE DRSS T WA, 2. THRZ X 91, HE
RN VL, WRERZMINSETWED, EY
GDP DA FEIZ T ICHBRT & T WK 2R
LTWwWb, ZTOfll, A x—7, WHEEELE
FHEBDO A S v 7K E W,

CCRETF ), BCCEFNDFERD LBBEDOR)

R Se DMEZFET S &, BHEA092, ¥ H
R—=IUH 083, A7 x—FA7086, HEHT0.74
L1 xKRELTRSTED, HBEORFEIMERT
&5, WE, WwEZX r—R1, ¥—A2 r—
A 3 DHHRERTHBEOBESMHERINTED,
AT 2 —F Uy — A2 THIBORBEIWHER SN
TWwb, INETORMHREBEGEDD LHER
EroTWwWh,

SFA MR, r—A1, r—2x2ki3

Table.6.7. DEA & SFA Efficiency value: CASE_4

Country | (Real GDP. 4input, loutput)

CCR 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 0.8306 0.9402 1.0000 1.0000
IT 1.0000 1.0000 1.0000 1.0000
KR 0.7377 0.6341 0.5775 0.5422
SG 0.5890 0.7176 0.8129 0.8332
SE 0.6413 0.6962 0.7162 0.7388
CN 1.0000 0.9619 0.8820 0.7376
DE 0.8661 0.8301 0.7884 0.7706
JP 0.9404 0.9614 1.0000 1.0000
FR 0.9270 0.9387 0.9675 1.0000
us 1.0000 1.0000 1.0000 1.0000
BCC 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 1.0000 1.0000 1.0000 1.0000
1T 1.0000 1.0000 1.0000 1.0000
KR 0.7764 0.6823 06133 0.5898
SG 0.7639 0.8892 1.0000 1.0000
SE 0.6848 0.7376 0.7631 0.8599
CN 1.0000 1.0000 1.0000 1.0000
DE 0.8764 0.8429 0.8021 0.7876
JP 0.9610 1.0000 1.0000 1.0000
FR 09318 0.9438 0.9755 1.0000
Us 1.0000 1.0000 1.0000 1.0000
SFA 2007_2004 | 2011_2008 | 2015_2012 | 2019_2016
GB 09164 0.9045 0.9865 0.9970
IT 0.8739 0.8843 0.6982 0.9970
KR 0.7572 0.7330 0.6761 0.9969
SG 0.7874 0.8630 09157 0.9970
SE 0.6028 0.6369 0.5214 0.9969
CN 0.9229 0.8142 08171 0.9969
DE 0.7249 0.7963 0.7084 0.9970
JP 0.9425 0.9282 0.8902 0.9970
FR 0.9566 0.9258 0.9488 0.9970
Us 0.9674 0.9583 0.9825 0.9970
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Table.6.8. DEA CCR Real GDP Slack in 2016-2019y:

CASE_4

Country] RN |R&DE| P.A PN |R_GDP
GB 0.00 0.00 0.00 0.00 0.00

IT 0.00 0.00 0.00 0.00 0.00

KR 1459.34 0.00 | 4818 0.00 |  (0.00)
SG 154.57 0.00 0.00 0.00 |  (0.00)
SE (0.00)]  (0.00)| 14367 | (0.00)]  0.00

CN (0.00)] (0.00)] 057 | (0.00)) 000

DE 21582 0.00 | 4988 0.00 | (0.00)
JP (0.00)]  (0.00)] (0.00)| (0.00)]  0.00

FR 0.00 0.00 0.00 0.00 0.00

US 0.00 0.00 0.00 0.00 0.00

in4, outl | x1 X2 x3 x4 yl
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