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Abstract

While society needs progress, science and technology need innovation, the development of science
and technology will provide strong technical support for the high-quality development of society,
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and the construction of socialist modernization in our country must improve the level of national
scientific and technological development. In this paper, the BCC model and Malmquist model are
used to analyze the efficiency of scientific and technological innovation in Shandong Province, re-
spectively. The study found that the overall situation of scientific and technological innovation in
Shandong Province showed an upward trend, but the gap between the effectiveness and efficiency
of scientific and technological innovation input and output in cities in Shandong Province was
large. According to the calculation of the dynamic development of annual and regional efficiency
in Shandong Province’s scientific and technological innovation situation, the results show that
from 2017 to 2020, the average efficiency of scientific and technological innovation efficiency has
increased except for the need to expand the scale, in addition, cities should improve efficiency
point-to-point according to constraints.
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1. 5|8

I RBUN K HE R R R, 18R —RAE R CIHE R, MANAWETT, GG s R R
BR KRN R A f B SCHE . LR E RN BT RE AR A AT A R 4, 04 FE SR
BATAIEIHER S, (EA (o E X ASHT RE /PP i 20210 AIHN, HAUHIRBIRE S AL T 5N 0L, 2R
EREEIHTEITEECN 66.98%, A4S HEMR T 2EZRERHEAH- T AR EL Mtk n] LA
W ARSI A Frae ), FHEIH RIS RN dimsk 7 kil #9255 AFIH DEA F1 Tobit AL
[ S B BRI PP AN AR 3R 20 W1 4R/MEREE AT BCC A1 Malmquist #5878 508 55 R T HEAT RHS G
BRIV, RILBOARIE D A A R A R MBI . AR UGG IR (2] RIS
SN T AR Malmquist K2R 8 LT R BIRCR AR S 1 DL R, BT 7 A 22 SO i
BOH R AR MAR[3]. AR BORIAE 521808 F =W Bod s R BH SR BT VR, DA R AL S 2D A 7
WG H i 2 A 200 ) EEL R F (4] WA ATK 15 R PP-SFA J5 9008 i [ 30 M8 IR BIRCR G DLt AT
BT, HERERH] R&D BARCRAE T /KT B A A BHRCR Z K [5].

ET 0, NEREREE S LRI AR EENPSLE . HOANPIREHFEREZAE, 2
(8] 22 % 4x [ M348 TEAT 00T, SRS IR BHECEUHT R IPA s FEI (8] LB R, HELLEER
BRI EW T LR BENESAEATRCR M, SRR AL FXRBIRCR A,
ASCREWE TN R T IR, AR B AT L AR 25 17 RS QU SeBLELIREEAT T /%, FUH] DEA [¥) BCC
AL AT Malmquist SR LR 16 S TTREATRHCEHT BRI DL E S A0S 73T P4

2. WERAEBB SRR TGS EIRER
2.1. DEA HiiEiEHE

DEA J5i%. DEA SUHFRAE NS 2% 0TIk, R TR e O SR TCEAT AR R I fr o AEAS SO Rt
IR I RHLEET R ] DEA J7 ik BCC R, 7RI ] DU 18 21 7L MR I T 22175 00 T 1l 2R
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AR AR ARG SR AR, DA SR M B T IR ST NIRRT, 4y
BIKT R QIHTEAT 2017 A1 2020 E R8RS, BIBHAT A AR 10 00T . M EARRIE = 1 i, AT
LA B Z R AR T IR B AR QIR B SO 2 2 BARIRINE < 1 iF, IR BZ SR o R R R G AL
FAFHAEAERNAN= 1 Z A S 0L, BRI RHE QIR BN TUR B B H 4 = A 2 .
2.2. Malmquist $&5!

Malmquist $§%0. Malmquist F8E0E X 2 MR R BT A R A3 SRR BT o0, et
TR EIE IS8T, TR RFEBE R sp o] DU L ZR 48 2017~2020 SERF31 G055 1 230 15 3l & 3R A8k
WHAEREN . X Malmquist $62% > 1 1, WRERH, (L ARG RIS R BERINE, KEEE T
5, 24 Malmquist F820 < 1B, WNER, 1L ARE ORISR BACREK, FEHT TGS,

3. BRFKIFESIEIRER
3.1. BiERIE

ARVARYE L AR AR A BRI TSR M, nER 1 iR ILER =N EEE, P aE MR
TRARFI NP IR RE, TR EUEYSRIET (FEWT S HES) , #EE 2017~2020 FEILREH] 16 NTHH
MRBARFATR, AR HIERR.

3.2. $EFRIERE

Table 1. Scientific and technological innovation input-output index system

= 1. BRI IR LR IR R R

T H fRbRE EiEE ANt
BNTRAR FHEABOARB B (TT 70) FESEAT SRR AR R AT T P I BN [ 58 4 5CHF
- sk BRIFBE(MF) XA HE T L AEAS I T LB IC A A 5 R 80R
KRR () DA RECA T3 A BB BOAR BR

4. MEBIFENES 5347
4.1. T DEA Y BCC #HBIESO
FIFH DEA 79 H BCC A5 2017 4 5% 2020 1L K8 BHE AR BN .. Bk B al gk 2.,

Table 2. Scientific and technological innovation efficiency of various cities in Shandong Province in 2017 and 2020

F2. WERAEZANT 2017 F£& 2020 ERHEBIFIERE

‘ 2017 4 2020 4
i GAEME  HARME  OMESE O MIBIRE  SAME HAME MR R
Grea 1.000 1.000 1.000 - 0.431 0.710 0.608 drs
H & 0.440 1.000 0.440 drs 0.595 1.000 0.595 drs
I 0.360 0.362 0.994 drs 0.327 0.469 0.698 drs
AT 0.661 0.866 0.763 irs 0.663 0.777 0.853 irs
RET 0.243 0.301 0.809 irs 0.423 0.475 0.890 drs
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Continued
JH & T 0.171 0.176 0.969 drs 0.190 0.308 0.615 drs
YT 0.312 0.365 0.856 drs 0.380 0.718 0.530 drs
B 0.581 0.661 0.879 drs 0.472 0.924 0.511 drs
Z&a i 0.485 0.493 0.983 drs 0.531 0.582 0.912 irs
BT 0.162 0.169 0.964 drs 0.326 0.419 0.778 drs
H T 0.235 0.443 0.530 irs 0.281 0.319 0.879 drs
I 37 i 0.643 0.702 0.916 drs 0.419 0.802 0.522 drs
TELM| T 0.348 0.356 0.978 irs 0.249 0.307 0.811 drs
7] 1.000 1.000 1.000 - 1.000 1.000 1.000
TEM T 0.176 0.191 0.925 irs 0.147 0.165 0.891 drs
T 0.645 0.830 0.777 irs 0.915 1.000 0.915 drs
YA 0.466 0.557 0.861 0.459 0.623 0.750

1) EERCRIEE T I 2 AT LUR I, 2017 451 2020 411 R G RHEOUH 28 & BCREH A
S DEA AR, AR EIIME BN 0.466 1 0.459, HEik IR & BCERMS IR My, ARG E)
AT USRI A AR 1 0 T 48 A RCRAE KPR o 78 2017 45 7R A] LUK BLIA B 58 45 308G e A 5P
T AIHIR T, AT B AR B A PR RIS T, NI s IR AR B AR AR, 7E 2020 EH R ILE A R
BRER KA, HAL T AR BB AR, Ko 5 2020 FRLEEREMENN 0.595, HARME
IRBEAR A 1, MR N 0.595, A LRSI TS & 17 256 280 (1 )5 LR IR ORI, ROZI NG &
(RS BE o TR RIE B A SR AT Nz B m R 4 RHEH S BRI R K
e, WORFHEAENE 71 .

2) FARREIGEIIHT 2017 4F S 2020 1L AR A FBHEL BB 0 264 AR R E 2448 53 1A 0.557 A110.623,
XRPFBHEAPHE A AR SR LR BT, AEKARIL 16 NMIRTTIAE] DEA A 20D . & nf R e L
RIL, 2020 45 2017 FFHBARBCERAM LA B AT AT RET. WEah. dyd. s,
TR BT T ST . XU ISR AT E AT R AT BN AR S 2 T i

3) MEERCRIEEU . ACFIE AT UK IO L AR A BH BB BCRG H0/N T 1, 2017 4EAT 2020
SEBIARIE BB RCR AL, H 2 IUUBSCR T IS DL . 2017 SERUBLSCRIA B e A 1A 5% ma T R T
2020 FREHCRIEBI RN G W, ME ST ST HEE R RIMECRNFE, HEE 2017

TR T IS RCERAUH 0.440, Jyik BIHUSTRER A0 B AR T35 MUST R0 AR (30 717 LK BURE X TR
BTN AT & BRI F SEOUMAS R R G 1

4.2. ETF Malmquist BB SO

1) 2017~2020 FERCFAZ B 4347 - M3E 3 i a] LUE HE 5 2017~2020 4E L R A RBHE BT A2 7= 5 4051 R 11201
0.8, 1.692, BARI . HARMEMME EFAT 0.8%, BAFELIME AT 14%, H Malmquist
FEBII AR A A S H AR B R ANBATE D B 5, 1 3 p 4 AR R OS2 B AR R RS O (1 52 0 R 6, 2017
% 2018 AFEHANRI L AR FHE AUEN 2 B E AR SR A JE RG] 7 AR A L, BIAiBOR R IR
HE P AR = AR 52 s 2018~2019 AFH AR A B U H B Z B 1 TE B AR R QR 1 A = 2
BHTRM: 2019~2020 FEABRA P RIE R S5, AF7HN 1,692, XEERFHARISMLER, HER
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AN 0.890, IE 7 E 4w AR HI B R L IR B QBT A R w . B2, WZRERSAHER A
FEEREMERT 1 BORMERIMEDN 1.008, HORBEDIEECN 1.140, KT 1, XUMIHARBEMBAR I}
XA SR BT HES BN AE R BRI IR RCR 120 T EORMER, (1R AT DA R 3 o R B
B R R, AR SR i L 2R 48 B B ) B AR AR 7 R

Table 3. Dynamic decomposition of Malmquist index from 2017 to 2020
2 3.2017~2020 ££ Malmquist 3§ 8ENZS DR

Gl BTN VES HoR A AR R ES BEF R
2017~2018 0.960 1.166 0.971 0.988 1.120
2018~2019 1.199 0.667 1.234 0.972 0.800
2019~2020 0.890 1.901 0.983 0.906 1.692

¥ 1.008 1.140 1.056 0.955 1.149

2) XA WA 4 FaTBUE I, ZRE B30T R BT A R EAE AW T, R
TRPHBLSEAR UL R Gf o 2017~2020 SFEERGFRG T WL 0.724 £10.935, A7 RACE/NT 14,
FCptdpl vy A S ARSI KT 1, B LA R TR 17 A 7 SR MO AR 1282 i B 5 B 2R 7 SR A 5
FERORHED . BRR . AEERRR . BRI T #RRZ AT B o, 3 1T B 22 R 2 AR B 2 e o
BEAT B R BRI o AR RGBSR T5 T, 55 8 M1 it T 2 7 3R 0 K SR R 2 R R AR
RFE LR, 75 8T HORBCR 3D 2 RS R R, 93 mes 5 47 504 1 2R i oK it
K BT A AR AR R R BB N R 2T, 7 TN TR TR I R RN s A
W REM WEW. . o, Fem. BB Wi, M. W o iR
K12 AR P SR A B e A a T ORI AR, H AR RS T BRI AR D AR
AR, RIS R PR

Table 4. Dynamic decomposition of Malmquist index of scientific and technological innovation in various cities in Shan-
dong Province

4. \WARE &AL EIHE Malmquist FEE S 7

Wit FARR A 5% i AR PR BBEA TR
GrEg 0.756 0.959 0.892 0.847 0.724
T 5y T 1.106 0.943 1.000 1.106 1.042
L] 0.969 0.965 1.091 0.889 0.935
AT 1.001 1.275 0.964 1.038 1.276
=il 1.202 1.241 1.165 1.032 1.492
JH & T 1.036 1.109 1.205 0.860 1.149
ey 1.068 1.101 1.253 0.852 1.176
i) 0.933 1.150 1.118 0.834 1.073
R 1.031 1.193 1.057 0.975 1.231
JBHE i 1.261 1.026 1.355 0.931 1.294
H i 1.061 1.150 0.897 1.183 1.220
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Continued
Il 37 T 0.867 1.164 1.045 0.829 1.009
JELPH T 0.895 1.236 0.952 0.940 1.105
ik v 1.000 1.224 1.000 1.000 1.224
M T 0.942 1.322 0.954 0.988 1.245
i FE T 1.123 1.272 1.064 1.056 1.430
¥IH 1.008 1.140 1.056 0.955 1.149
5. 4ig

P QI A e 2 EAL, BRI FRAERS A 5 BB B 0 m R e, U R i
B BHA RPN DT 0 T RCR R IR, A SCEIEXT 2017~2020 48 111 2R 8 B QF R 16 DLk AT 58
EMHT, LT 48

IR 2017~2020 FHIRHLEIH AR SRR ETHES, EAFMET R E L Z SRR, 1E
2020 EAUIRTIAS] DEA AR HABIR T RIE A HE R BLRGRBERINT LA RCR T EME, A3
2 BT AR R AT A Bl 1 i R e A5 R LA A 53 RS A B BIPE AR . £ 2017~2020
TSRS RHEEIHT R R 3) AT UL, 28 B BN KT A s, T AME R R R A
BSEBINRIEN s FeA SR A0 0 B S B A AR R = B 1 i B E SR, AR
RRIFRZAFR, BRI WA BN T 1, NE RS R BB (RS G U
FEM R QB SRR (LA 4) ] WA i X A B A P R iR B L TR 3, A B v iy A 1
AR A RS R RA P T, 254 DX RIAR 5 ] £ 2 7 22 1 J DR R I o7 43

SE K
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