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BUH, R4 DR H S RE S e R (28 g Al 557 Y d KA an AN TEAT . SCOURTIH S 4 i A% 0 2 8T -
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DT T P E R RIS 2 1984-1988 AERI IR . Abramo ( 2009 )% @ fii ] DEA J7 4
KR B R RMIFCE LT TN . Jill Johnes (2010 )@ SEH AL Bl Az A Kisc — S8 bR w7 11
WOEHTTIE. . Goldstein . Bergman Fl Maier (2013 ) HWASHIGE T RRUH 535 FE 4 i RS AE Hb X 28 5 % i
TR LA B A A N2 AT TIA Ry e Rl T R A R R4 8 TR s R AR
R BT SR AL RIFSY , 918, Jerry G Thursby (2002 ) 25 @ SR BIHAMT 78, 2007 T s b
BT R AN K 2, U9 R KT RIS A A VE R P B MAZE i . Agrawal A (2003 ) % © Bf
FEN N F R AR R AL RE I HE Pl [ B IBF %47 . Rahal A D (2006 ) il i JFA mBcRHL
B AR AL EROR A T — X R BB s (L B B A R R

[l N DG T B AT 28R T 20 T4 80 4RAX, ARXT AR vh e R ACRHE BT RE T PP P bn S 1A 5
(R R AT 7 B R SE o B (2007 ) 25 PR T 58 AT AR, X 30 Fr s ¥ 1w FE A R Y
H REUHTRE AT T SIERFSE 5 AR ER (2013 )3 © 1 14 D EFR AR L PG S QBT RE 1 A EA A
i FR(2005 V5O LMK A m R QL 25 A PRNESY s R T(2013 Y&l
I DEA 77015 2011 AFZEH LR 72 BT s eI o s Faks( 2014 ) 45 @ RN 7400 OB R 2%
SRS B 977 B LA BN I R BT RE A TR0 5 IMARIEI( 2015 ) 25 32 AR Z3 M7 )7 12
XHLZR 17 TR UERCEIEAT TII9E; FHR(2015) 45 © i3 TR @46 404 ( DEA ) Hh BCC Bl
Malmaquist 227 FRAE K0 BNV 35 e RIS AR M SIS . IMIRET (2017 )3 ¥ JEA T 32
1535307 ERCE DEA J3HTFI Malmauist FEEURAI 71, X 72 B & S B T 5ot
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BT HHGSCHRAMAT , 48 SCHE Rl N M3 o 0 St b, 4 LU AR o AR BB 8 R H R A I 4R
.15 PCA-DEA ZHAGBIAVAT Malmquist 382050 Hr 7 5 XT LLAR 39 BT ke 20132017 4ERMHL BHTE
AT BN TR AT, 0T T | K LR = AR B e ) ARBTG5 i B 2R, R DA BUR A G &
JREBUR Al 7 4 HEACHE

ARSCLAHFANT « 55 050 T O7 ik 5 BRI 5 5 =R 0 TR AR e A B IR AL B 5 5 DU AR O3
RIS BRI

LW R S AR R

(— ) WFF I

L 3T F R T B AL 4% /3 AT PR 12: ( PCA-DEA )

F 4343 i ( Principal Component Analysis, PCA ) 238 i FE AL T, 4 22 M0 B TR I B (8 5
A BB EA MG TEAR —Fh 2 08 ik @

Bl 45/ B ( Data Envelopment Analysis, DEA ) & F FHECERLRI J7 i, PR B 240 A
St A PSR AT ({0 S DMU ) (RIS AR XA 80 ( DEA A 20), BRI DMU J& 754057 T4 7 Al fig
1Y “HVET B — Mg AT 2. DEA J5fH CCR A BCC MAPEEACHE AL, CCR AR AR i
HUBCARE AN , BCC AR R USRI T A28 @, A SCH T BRI G BB AHIE S 1 ML IX 25 Sk
% L& SR T MU CCR AL, B FUBTR I v] A2 , 2 I Z2 B B 1 BCC BB 27 G R0%
IR S AR R A R, LI/ il ik A T HOR BB DEA 210%.

TEHAT DEA S3HTET , 224655 AT RE 23 DR ESUI Z A1 A AR DGR T T4 0 4t AL Lk e a3 #r 2 50, ik
7 32 BB, K A0 5 A v A4 255 [ 43 5 IR A 2 [, BRAZ MR T2 143 L 2206 13 i T 1 4, 7T 3k 81 e
YEE . KRS (PCA ) SEHEAL /3 Hr( DEA ) B4, BISR FH PCA-DEA 20 48, Bk ]
DAREARAE BRI (A B DGR , (0 mT A S50 35958 T BERILYE skt DEA 95200,

2. Malmquist F§505 M1k

Malmquist £ 2002 36 F DEA R0 () )5 2 42 Hh 04, B R FH BE 28 R 00 L SR THEE A A ™= 4K
o ABGE DEA FE AL — i FH ok Xof [ — If (1) s 1) 45 2 SR B T0 03 15 00 A7 86 1) PR, A 70 3 2
TR TET 50, AN “FRT AR A AT 43T, S L AF S8 AR (] B0 e S BT AR 1 Bl S AR A AN R R
Malmquist $i5 £ T LARS - 734 T A 58 L D\ 1) S e 2% e A AR RO I 32828 Ak TR Malmquist
FERGABERL I 45 A I 4 B AL 72 R AR Thpeh ) 43 H AR RCRAR T8 B Effeh ) A AR E 3
HU( Techch ), T4 AR ECRAR 48 BT 43 Ry 2lH R BCRIGEL( Pech ) FIRLBLRCRAE £ ( Sech ). B
Tfpch= Effch * Techch= Pech * Sech * Techch, HHaliHi RBCRIGEL Pech BEMS T MBI T 25
WE TR AR AR IEEL Sech WIZRIR AL U TR , BRI LFEEL Techeh WAL A
J T T (478 ) AR 7 2 TR

O FA4e. (SPSS it o4 ), e B F Tk hijAk | 2007 4, 5 491 R .
@ Ay (H3E Q%2 (DEA) ), (B8R 2000 5 17 4.,
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S5 AR B RS LR B, R 11 AR FR( X1~ X11) A1 6 D= HFEHR( Y1~ Y6 ) WL AR m AR
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—ZRiER ZRIERR =RIERR Fs
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( =) Bt ik 1

FER LT 3 BT 43 BT B AL 2% 73 10 ( PCA-DEA ) BEAT 43 HT i, 0202558 2F KMO A 55 55
Bartlett SR FEARG S0 VERUL AR S AR BB BE T PEA P8 AR IR 2R TP 26 9 11 AR R AT 6 457"
AR R A TIN AL, KMO K38 {E 43314 0.847 F10.741, Bartlett $RE ST HEIEI, HARFME S
9 <0.05, F W45 A2t A O ERR , HAS RS (A6 2 ), n] AEA T R 7HT .

% 2 KMO ®KI§5 B45FFI4FEk 2 E I8 R ( KMO and Bartlett's Test )

BNIEIR FEHERR
Kaiser—Meyer—Olkin Measure of Sampling Adequacy. .847 741
Bartlett's Test of Sphericity Approx. Chi-Square 1.746E3 201.865
df 55 15
Sig. .000 .000

TEREAT R TR, AR 308 T SPSS20.0 Xif [ AR R HE AT Fm tHEA AL BE, T BR A5 5 A ] 1 40 25 52
AR B R M i, — R EOR 0B R IE (R Tl 5 T 1. 3R 3 aTLUR Y, B AT R AR
PR A 1A P R EAT & 2RI A 2 4, eI B3 5tmkR 2050 92.743%
1 82.826% , T HE UKy 50-ft ] DUBCHF OB RRIRFE gl , A SCRUIX 3 4> 00 A5 00 A
(A= IEGE (Rp A SRR & iy

£3 PCA ERAHIEES RitmHE

Eo %y BANEHE 21 FHE—FHE 22 FHEZFHE Z3
FEOEAA 10.202 3.484 1.486
TR % 92.743 58.062 24.764
FPTTIAE % 92.743 58.062 82.826

X BN B AR QT RCR A T T IS AR H AR S B A A ot R T B 45 3200
PR TRREALAL B . B A A 1 D FRICHRUEACRT Y 3250 5450, minA \maxA 43518 A i/ IME
T KAE, A AL S BT AR, WLEAR R EILIS RN : A =0.1+0.9( A -~ minA )/ ( maxA — minA ),

VU SEHES B
(—) IR RS KR BB B A BB

B AR AR RCR ] 28 BCC AR X152 A 8E #EA 7363 | 32 ] DEAP2.1 #4451 2013
AEF 2017 A LR B R QTR B H A ReR a5 R L3k 4,
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®4 UEBSRABKEFTAERESBIER

. st £ 2 2013 £ 2017 &

Fs BEFRER Crste Vrste Scale R-S Crste Vrste Scale R-S
1 7R K 0.731  1.000  0.731 drs 0.549  1.000  0.549 drs
2 ERNESHARE Sy = 0.504 0581 0867 drs 0533 0.696 0.766  drs
3 HhEA TR E (AR 0314 0552 0569 drs 0547 0813  0.673  drs
4 IARBHE R 2 1.000  1.000  1.000 - 1.000  1.000  1.000 -
5 HRBHE R 0519 0562 0924  drs 0550 0553 0.994  irs
6 Trm R 1.000  1.000  1.000 - 1.000  1.000  1.000 -
7 e N NE S 0.614 0.625 0.981 drs 0.573 0578  0.992 irs
8 IR AR 2 0.823 0838 0981 drs 0925 0937 0988 irs
9 FFE T K2 0.590  0.591  0.998 drs 0.631 0642 0.983 irs
10 INZARHE T K2 0.616 0639 0964 drs 0491 0492  0.998 irs
11 IARA ML K2 0.468 0530  0.883 drs  0.685 0805 0.851 drs
12 H ol K2 0.524 0554 0946  drs  0.620 0.621  0.997 irs
13 D R 2B 0.722  0.739 0977 irs 0.509 0516  0.987 irs
14 RN BE2EBE 0.486  0.491  0.991 irs 0906 0944 0960  irs
15 TEM R 24 B 0.760  0.778 0977 irs 0.867 1.000 0.867 irs
16 IR EEZ R 1.000  1.000  1.000 - 0.983  1.000 0.983 irs
17 T ESBE 0.550 0559  0.984 irs 0.408 0.412  0.990 irs
18 AR I K 0.761  0.763  0.999 irs 0.639 0.645 0.991 irs
19 ARy 0918 0.925 0.993 irs 0545 0558 0976  irs

20 Wi 2 0.718 0.721  0.996 irs 0.618 0.624 0991 irs
21 T 2 BE 0.715 0.744  0.962 irs 0.528  0.548  0.964 irs
22 TN 2B 0.654 0.694 0.943 irs 0.639  0.670  0.953 irs
23 IR 0.606 0.610 0992  irs  0.601 0.622 0967  irs
24 [l 0711 0718  0.991 irs 0639 0648 0986  irs
25 ENIIES T 0617 0.657 0939 irs 0951 1.000 0.951 irs
26 VT2 0.702  0.805 0.873 irs 0.671 0797 0.842 irs
27 PliiEE=ol 0.697 0.752  0.926 irs 0.548 0571  0.959 irs
28 IR 2R+ 0.667 0719  0.927 irs 0.679 0.758  0.895 irs
29 2R 0.739  1.000  0.739 irs 0.904  1.000  0.904 irs
30 R R 0717 0842 0852  drs 0482 0501 0963  dis
31 NS 0.582 0.594 0980 drs 0476 0.486 0979  irs
32 HebiE b 0.683 0.691 0989  irs 0573 0.59  0.961 irs
33 INF RS2 B 0.729 0.862 0.845 irs 0715  0.870  0.822 irs
34 L1 2R Ag W 2= B 0.538 0557  0.965 drs 0538 0.557  0.966 irs
35 AR TRs &b 0.692 0.783 0.884  irs  0.709 0.829  0.855 irs
36 IR T2 0.803  1.000  0.803 irs 0.723 0975 0.742 irs
37 AR e 0.795  1.000  0.795 irs 0.729  1.000  0.729 irs
38 FEE I AEE 0730  0.885 0.825  irs  0.700  0.894 0.784  irs
39 INARTFFBERERE 0.746 0932  0.801 irs 0730 0992 0736  irs
¥l 0.686 0.751 0918 0.670  0.747 0910

E: Crste NERGRCR, Viste HATHEARRR, Scale AMBHCE, drs FHUBCATIBIL, irs Sy HBIICER BT, “-" g HLAE
Wi ANE
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F 4 FIRMYE 2013 A1 2017 4E IR S RHE BUBrCE Koy mi B o v RAE H, LR R 7
B ARBEHT 2013 4EH 0.686,2017 4EH 0.670 H 2013 4EMEAT T [ M DEA A &% ok F L2013
AEIRBIARUNA 3 TR, Zr iR AR B S rm R RN AR i BE 25 K%, 2017 48 A 2 i, 4y
R IR BHE RAF ROV p R s BMACK TR L2013 AR ILARBHE K2 e md R (AR @ SR (LR h
B 24 R 2 T ER S R 25 88 i ME 23 5 BRI B, Hob AR A SRR Ay B R A E 22 h T
FRTRCRRS) , T 2 ES REARBORAL, EE R FAEARBCREMILTE 2017 48, BRI &
TGN . FEHRZCR L 2013 R8T Ry e, B op il R 2 (AR AR ) RN B 2= B A2 Ll 27 B
JE A ARZCRA SN, AL B TRBRCRIE R T8, 06 8E , 2017 ARILZRA 16 FrmfH A%
R 2013 AEA5 2] T W AR T, 32 R MU RCR L 3, i AR ORI A KRR o, A e A &
BT R, RGBTSR BT LR AR BT RE 1 DRk i i H 2 S A

( =) INAR m R AT RCR s AR Ak 4 B

FRPE L 25 28 3 S22 A 2013 458 2017 4F 5 A AT ARSI , i2 | PCA-DEA-Malmquist 38505047 7
2 AR AR B S AR R A IH R R A (3R 5 AIEL 1),

&5 2013-2017 £ EF1 Malmquist F521 % 5%

k0 Effch Techch Pech Sech Tfpch
2013-2014 1.198 0.888 1.024 1.170 1.064
2014-2015 1.169 0.809 1.157 1.010 0.946
2015-2016 0.895 1.194 0.951 0.941 1.068
2016-2017 1.315 0.816 1.225 1.073 1.073
bl (el 1.133 0.915 1.084 1.045 1.036

{E: Effch REEEHABRAERL, Techeh HHEABELAEEL, Pech NAHARBRIERL, Sech JHUHCRIEEL, Tipch 42
LS NES Si2 e

1.5
1.3 o= Effch
1.1 === Techch
0.9 == Pech
0.7 : . . . Sech

& 4 S 0"//\ == Tfpch

% A% 1% v
& N N~ N
D Y 0y >

B 1 2013-2017 £ EF¥ Maimquist 155Kk H 5 iR
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M 5 B TT LU H,2013-2017 4F[E], R AR S AR BB ST E A i) 2 IR £ - X 3
KA 3.6% , Horpr HA RSP AR B IR, RIIHORIE L B 29 10 AR S R QB v T

MBS ) 5B R | LR B AR BRT 4 Bk A P R R R L T 2013-2017 4R4E
WK 3.6%., B 1 S, ATE 2014-2015 42 ZE R GCRIEECT B, HAAER I ETbnyiass, H,
LA BRI E L TR AR 13.3% , J5 N 2 B2 A H AR BRI 1E K 8.4% , [ I MRARE AL
FAEBIEK 4.5% o SR ARG ARECT B AF 2T R 8.5% , XX i M RHE B A 77 32 i 4 v i 3]
TRAEM . BT O, (AR S AR AR 2 R A P R G R BRI T A R AR RIS
(e AR AR

( =) AR S AR B R 2 1) 22 5343 #r

MEBRA =AM . £ 6 45 T4 54% 2013-2017 42 F R A = RAFSh I, ARG TFP

BECR AR T 1 HEATRIST, 39 T A 03l m B oA 27 BT TRP F8ECR T 1, ST 28 A AE 2013

2017 4FERHE B R IEA LS LTS, A& 12 FF TFP 35 8UN T 1, 25 4 o R 3 Pt
FHE BB A T

MEFBHARBAZSME , YR 6, 5F T EEBE( 0.968 ) 75 5 K#(0.975 ) L2 Be( 0.995 )
A BORBCRIEEUINT 1, 1o 36 T s IR G AR RCRAR RS KT 1. WKIE R i 20% B9 mikch 11 i,
HIL 10% WA 13 e BRIENZEEE—FNEE Wm0 5 o0 LLZR ARl K24 (1,267 ) FIEED B 24 i
(1.259 ), HA SR A P 8 HE A 40 Bl o — e —

MEAR LA EE . 3 6 Bl v A, BRILZR h B 25 KB BRI ASAR R 1.001 48, Hovm
KAZAR IR EIGINT 1 HAHERR IR B BUR =B, BRI ECN 0.834, FEIRIAH] 16.6%.
[ 6 575,39 Ffr il A I BORIE AL R B T4% A IER G EORSCRISH, I 32 T 2R
e PR BURAR T LA LU AR A R R AR QT AN 255 T ™ B AN S, BN R A & N B3 RN 28 3 1 4
AL I E B, 32 s RIS KO 3SR BT R BB T o

H T AP A5 B I Malmauist F8E0CS MR ECZ R OCR IR E (LA 2),

6 WWERSRABKEIFEESN Malmquist FEE K 5

Fg BEFERAR Effch Techch Pech Sech Tfpch
1 IR KA 1.088 0.841 1.000 1.088 0.915
2 Hh R OR 1.158 0.911 1.000 1.158 1.055
3 thEh RS = (AR 1.068 0.867 0.963 1.110 0.926
4 INZRBH R 1.065 0.862 0.970 1.097 0.917
5 RO 1.139 0.892 0.983 1.158 1.016
6 R 1.231 0.887 1.169 1.054 1.092
7 HHPT R 1.174 0.920 1.107 1.060 1.079

8 IR SR 1.225 0.895 1.159 1.057 1.097
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FS EEERER Effch Techch Pech Sech Tfpch
9 Fre Tk R 1.229 0.867 1.155 1.064 1.065
10 INARBET R2E 1.080 0.943 1.086 0.994 1.018
11 WZRA ML R 1.267 0.944 1.160 1.092 1.196
12 T Al K 1.206 0.959 1.066 1.131 1.156
13 Hi by B2 1.259 0.998 1.233 1.021 1.257
14 Rl BB 1.229 0.912 1.154 1.065 1.121
15 T 22 B 1.193 0.952 1.052 1.134 1.136
16 IR H R R 1.027 1.001 1.000 1.027 1.028
17 Tr TR 0.968 0.947 0.980 0.988 0.917
18 IZR IR 2 1.020 0.932 1.002 1.018 0.951
19 RGN 1.059 0.920 0.989 1.070 0.974
20 b yNE 1.049 0.974 1.000 1.049 1.021
21 e 1216 0.922 1.191 1.021 1.121
22 T Bt 1.145 0.910 1.144 1.001 1.042
23 BRKRY 1.173 0.889 1.171 1.002 1.044
24 NS 1.228 0.848 1216 1.010 1.041
25 LB 1.175 0.959 1.168 1.006 1.126
26 P et T 1.042 0.953 1.046 0.995 0.992
27 PlipE =17 0.995 0.937 0.980 1.016 0.933
28 IR R 1.179 0.881 1.170 1.008 1.038
29 A 1.205 0.840 1.198 1.006 1.012
30 HiHRE 0.975 0.892 0.977 0.999 0.870
31 RSN 1.149 0.964 1.136 1.011 1.108
32 HEDT b 1.142 0.933 1.127 1.014 1.066
33 INZRE S B 1.253 0.892 1.235 1.015 1.118
34 IIZRAZ 8 2= B 1.235 0.881 1.236 0.999 1.088
35 ILZR TR B 1.181 0.950 1.173 1.007 1.122
36 IR Lo ¥ 1.048 0.985 1.002 1.046 1.032
37 INZR BB 1.028 0.939 0.976 1.053 0.965
38 FEE ML= 1111 0.882 1.012 1.098 0.980

39 IR FBORBE 1.105 0.834 1.045 1.057 0.921
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Study on the Effectiveness of the Pca—Dea Combination Model
and the Malmquist Index in Evaluating the Efficiency
of Scientific and Technological Innovation-Based on Data from

Universities in Shandong

RUAN Hong-wei' ZHAO Xi°
( 1. Business School, Qingdao University, Qingdao 266071, China; 2. Hefei University, Hefei, Anhui 230601, China )

Abstract: Colleges and universities are important scientific and technological innovators. Scientific evaluation of
the efficiency of scientific and technological innovation in Shandong colleges and universities has an important influence
on promoting the transformation of old growth drivers into new ones and accelerating the construction of "double first-
class" universities. In this paper, the PCA-DEA combination model and the Malmquist index analysis method are adopted
to calculate the technological efficiency, technological progress and total factor productivity growth in the technological
innovation process of 39 colleges and universities in Shandong province by using the panel data of scientific and
technological innovation in colleges and universities from 2013 to 2017. Moreover, cluster analysis is conducted. The
research results show that since 2013, the overall efficiency of scientific and technological innovation in Shandong colleges
and universities has been seeing an upward trend, but has been fluctuating greatly. The colleges and universities under
Shandong provincial administration (especially provincial non-key colleges and universities) have registered great increase
in the efficiency of scientific and technological innovation while the three "211 Project" colleges and universities and those
jointly built by the province and ministry have not. The main factor limiting the improvement of the efficiency of scientific
and technological innovation in colleges and universities is technological progress. The conclusion of this paper can provide
enlightenment for colleges and universities in Shandong to guide their scientific and technological innovation activities.

Key words: PCA-DEA combination model; Malmquist index; efficiency of scientific and technological innovation;

colleges and universities in Shandong



