Statistics and Application 475258, 2026, 15(9), 181-194 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2026.159217

SR B RE~ ARSI

—ETWENFF IRBRSHEDH

ot

woR, BET
BUN BT R S5 2 b, I B

Weks HiH: 202648 H17H; FHHEM: 20264F9H9H; KA H: 2026494 18H

R

FRAEF A UBIF ARG, REFEPHL. WM. MRERME, HEUEEARE. A4 5F RS
R WMHEREAREIEEM. £T2013~20228 P E31ME T HE X ER L, H2ESRK. &
& BFEF ARG R, SdUENSEIERINER, FEEENFRE~NREEEELE
EfEM, HERIL. BEHRERREHMXBERERY. #—S0RY, BEEFETRHEARRA AR
S5RRFACRE S RS R S RS RN E R, REEFT A= IR B N EEHE
ee, BUMXEBIREE, WA RKEMXHSREIE; T “BU=£0TH” Bia, W RAIEE
& EERSHEHANNE, HEREPLRREERRE, PGSR HTR A I SRR -

XK ia
REHE, WRES S, WENREIEE, R, k&A%

Research on the Impact of Higher Education
Empowering the Development of New
Quality Productive Forces

—An Empirical Analysis Based on a Double Machine Learning Model

Jian Wei, Dengke Xu

School of Economics, Hangzhou Dianzi University, Hangzhou Zhejiang

Received: August 17, 2026; accepted: September 9, 2026; published: September 18, 2026

Abstract

New quality productive force, with innovation at its core, is characterized by high technology, high
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efficiency, and high quality. As a connecting point for science and technology, talent, and innovation,
higher education plays a crucial supporting role in its development. Based on the panel data of 31
provinces, autonomous regions, and municipalities in China from 2013 to 2022, an evaluation index
system including scientific and technological productivity, green productivity, and digital produc-
tivity was constructed. Analysis using a double machine learning model shows that higher educa-
tion has a significantly positive effect on the development of new quality productive forces, and this
effect is more prominent in the northeast, western, and less developed regions. Further analysis indi-
cates that higher education empowers the development of new quality productive forces through a
dual path: enhancing technological breakthrough and achievement transformation capabilities
through technological innovation, and promoting the upgrading of industrial structures to high-end
and service-oriented. To strengthen the effectiveness of higher education, it is recommended to op-
timize regional resource allocation and increase support for less developed regions; deepen the in-
tegration of “government, industry, university, research, and application” to build a collaborative
innovation ecosystem; and promote the supply-side reform of higher education to improve the adapt-
ability of disciplines to industrial needs, so as to enhance the supporting capacity for new quality
productive forces.
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R A BRI ER B AR RE - A AOE[131E L, RS A IR RAE B B A A R & BB As,
HAZMER. HirvrFSERE, SRR SRR $h 57 30 2 8] 5 0 R RE BT i
PEA, FIRE A I EE B A AR, T AT BRI LR LRI RIET. RIS
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Table 1. Comprehensive evaluation index system for new quality productive forces
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Table 2. Descriptive statistics of variables
2. TEEARMST
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AR ST K- (Open) 310 380.310 403.675 10.978 2166.557
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Table 3. Benchmark regression results
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JRARBLIIREE , By AR (R ZE IO OG . MR OGPESR T, 1990 4 1) i 45 380 A 2 AR B2 o 24 1l [X ek
IR BE NA B IR B GIETRE )55 = ALK IIsg M, 1#ET 508 B AR ™ ) R RAFAE R BRI, %
AR T HAR B AMEME SH MR . 2T Chernozhukov V [211IRF 7T, #4078 X E LA 2% ) T HAR
EHEAUR:

NQP, = 6,HE, +g(X;, ) +U, (10)
Instrument,, =m( X, )+V, (11)

b, Instrument, A HE, BT HARE . 451w 4 G R, @SR ERENIE, KRR EEH]
TG, SEBE N IR RIS RA BRI ER], R B TR RA MM T
PN AE P )
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4.2.6. PEHFFIER

N T B LA A S B R RN S B R 2, RS H R LAR B4R IT, K AL a2 I A5
IREAS 23 B L] FH EUOR G 104 BCh 1:2 F1 17, S0IEREA B LG TR mIA A4S ® . HIR, TiRblLags
27595, N B IR VA ) B AL AR bR A JE AR TR SRR R AL, B0 IE IO SR e . g5 a0k 5 TR,
TEve A AR REAR o3 F LU IE A& BN L% 2 SRR, S BOE O E 1%/KF B S35 e m i 26 7= ) R oK

Table 4. Robustness test
%= 4. REMRE

. 1 ) 3) 4) ®)
BHAZ MR R HEREHAR R REEA ERNETRQ) EMNETNEQR) LHEEE
HE 0.053" 0.060™" 0.151" 0.202" 0.160™" 0.601"
(0.011) (0.021) (0.032) (0.042) (0.043) (0.116)
Pl — kI 2 2 2 2 P &
Pt — kI 2 2 2 2 P &
S 161 [ 5 2850 2 2 2 2 & &
R INE R I 2 2 & 2 e =
FEA & 310 310 270 310 310 300

Table 5. Robustness tests of the double machine learning model

5. WENHFF SMRERE RN

. (1) BRREA I HILL A (2) HEHMLAR IR
EE Kfolds = 3 Kfolds = 8 Gradboost Svm
HE 0.150™" 0.126™" 0.131™ 0.193™
(0.029) (0.034) (0.025) (0.014)
Pt — I 7 73 3 v
Pt IR 7 73 3 v
IS [ [ 5 250 73 7 & 3
AN [ E RORE o o & o
FEAE 310 310 310 310
4.3. FERESH

ARSI XIS A S R AN 22 55 R AT S R P P AR EEEAT oo o, KGR RIE S8 W X Siit Rk
AT ORI AR AL X S 73 7)) O, FREAR (. ORI 2Rl AR, R g iy A DX
iR 6 BA)~BR @) R, AKX &EEE /A EZE VI, Hrhvaitib ORI X A R 5
AR 25 P Y LU AR Bt DA rh L X, HLAS 3 b DX v 55 8 7 R BT o 2 7 0 B R e s P ATt DX )5
Wi e Ko X227 B AT GE Tt OO AT B, 2R 9 iy S5 8 A TR BT i 27 710 R JRE A 7 bt R P
XRCRE IR . HLk, GFt R AT S B PR LU [ A B R, R (T )N AR
SME R T FERAEAERE X, RTPEMERCA R RIEHIX, g1 a4k 6 BAG)FIEL(6) MR,

Shttps://www.stats.gov.cn/zt_18555/zthd/sjtjr/dejtjkfr/tikp/202302/t20230216_1909741.htm
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JRORIE X ) 5 2 VAN R U LU BB X B, 5 XIS Bk 45 e A 75

XA XIS 25 R AT HEBE R I S B ARFAE A7 AE 22 75 T BBl o e — BnT UH X T e 55 0 7 TR RE T
JRAEFE 33 R e S AR AE I PR AR DR R [35]: AR IR AT S R X S A R RO e, B AR
7 IR R B R T B AN B RIAL AR G, T e 5 R SN K B e A P AT AT s s . AHEEZ
AL PUE R RRE X AT A T R R MG AL B, 55 A RN BERS B N ) BEAR T
BRI BN BIHT BE 773 90 55 B R MR B R AR, FFAE IR A AR SEIEORIB L, PRI R B H AR X 5
SR I 3 A o

=, ZERNHEECRME Dl 7 XK R B, b e 2 i e A 3 A R R s B W Y DX
[, ASHR DX B 2 00 B T I AL b 20 BRI BRI, i v 7 S R ARG DX B I SR AMT B . BT
FHEMARETTHHIA L . BORMRA BT SO EH X R BIRAIHR,  $32TF A1 5 AT R FIHAR BRI AE
73, I HES) S R A RHEIL S 5 X G AR S & . Biltn, PO BRI AE IR B . 1 s RE VRS540
SR RS CO R R AR LSS, I8 58 v S5 80 D o A T BT AR s TR, BOSR S 5 X B R
TR 22 A UL E,  th i v S R S M o 26 7 0 S I DX 5 o 2 ) A

Table 6. Heterogeneity analysis
6. RS

- okt X K1l oy &Gy
i W) Fk @ KH @) hE @) (6) BREMK  (6) KEEMK
HE 0.259" 0.101* 0.143" 0.283" 0.100™ 0.217"
(0.057) (0.047) (0.057) (0.070) (0.046) (0.047)
2 1) — X I = = = = == =
Pl I & & s & 2 s
B [F1 [ 5 28508 & & & & 2 &
AN [ 7 RURE P & P P 2 &
FEA G 30 100 60 120 110 200
4.4. MBI

HBE— PR R SRR A TR IR T RE T A R R . RS AR TR R A RO AR 8 P A ]
ANDETE R [ A7 AE S [36], PIEASCS BRI TE[37], DR 5 B 0 b S5 T+ 9. BHL IR
S PR HL AR R o

FERHAE LR, 2% 7 B K EASR B, B GIHHLE 2 REHE 1%1 58T K1 R 2%
NIE, RWIRSEHE N H A 70 IR REE P I B GR B4 SEELE 25 IR M. S A MU
FARA P 5 NA IR B L3R, RG0S5 AN A BBt s QU8 o0 ik ah . — 5T, Rt
FERHAIE 7T 5 N L™ AT RS . THE SEOR, BB R RR A SRR, e N TR
RE~ B REVR A S I T 7E SN EL B HEBN AR G P L BARIEAR 5 — T, 3 A BRI R A 3
A e SRR, B EOARY L. T2 R E AR, MERS BRI S A 11, TR
R - NABRG - GUFTSEE” IsE Bk, R H2 754,

FEPALEE R THRMLEE T, B (2)h A& UPL IRy 0.191, RHImSEHEXN LM R AH
STE IR e oA e v D SR R I SIS ISR = = BB el N i SN ST A< W K B8 S
BERIR SRR T BN T, HESNE G LA SRS L B IE T [, FFB I E 5k
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&, MmiiA kgt . fRAL(3) AR R UP2 [ R N—0.713, 1Z4ahr N EE — ML hnfE 5 55 = g
BRI RECRENNEY], SEHE KBTI SBRACE — AR S =g e, RIEZ) ™
Ny g ) 58 =7l 7 BB i R AT . ISR R AR s 1 e SR I b S R T R R AR T RE T
AR IR AL BE ERHES) b a) A, S I R R A o6 R AU BRI B AR . R
i H3 1FiiE .

Table 7. Mechanism analysis

= 7. HLE S Hr
~ PRES Rtk PN EE R TE R
A e
(1) Sci (2) UP1 (3) UP2
HE 1.600%** 0.191%** —0.713%**
(0.509) (0.044) (0.195)
) — kI = = &
) — kI = = &
) A1) ] 52 208 & & 2
AN [ 5 258 & & o
FEA A 310 310 310

5. FELHIPREN
5.1. 45ig

AT T 2013~2022 “FEAx[E 31 AME T H B XA, MWRHRAER F1. SRt ey 7
NEFE R R AR P VP Fe AR A &, G5 CRITIC-TOPSIS VA% WL 58 SRR A H - 1TH R L5645 55 18
A UE LSS 2 SR, RGO S U E R B A P IR s RIS, A B e RN AR R A
PSS T B S AR, IR T X BT R BT 4L, JF RIS, A
T SRR TR A A SR A AE AL 5 X2 SRR AR . WA B

F— mAEREXFR A IRA B IER N, HZEIRE — RIGE AL K T AASE VAR
R EARIR AL X RIS F BT AA TR MPUERR S HRGE, GRS Rrg iR R
TEABNRE, AL T AT SRR AR T HE .

B, A RSB 0 B AR AE B3 DO R R TR R KT R U . B RBIUNAE R
ABHIX L PE R X S DA 22 [ A A 7 S B T B ) R ROR X, vy SO R e b AR B D B S o L iR AT T
HEEP T — AU bR e i G RN, RORE X I S R A PRI SR T N I R AR, RN SEIE
PERCER I K TR B BCE BORN th IR X B BURE, a0 XU RN E SR L IR
LWBNTE, IE T A RS KA TR R MRS

= RHLBHT AL S5 T A o SR SN R A ) R R R R P . R
W RRERIAA . HEEHT 6, HEESORBOR R S BT BCR e, AR A7) ey A
THRBERS N RN, mSEEE TR TSN LGUR,  Refs (23t 50 LB el s Ag %
PLERE, AL SR, BRI AR G AR R G B R . X B IAIE § AR A R A
TR RE A« R IRE) 7 RN

5.2. @i
e, MAKEESHAERFELRE, RIRKEMXBEREENEE. TRAERH, SESEEX AR,
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VI S 22355 ORI B DR B A 7 JT BB I SE N B2, DRI Rk — 2D ol X S5 2 A BRI 22 Ak
FCE o IR RO IE M X i AR Bt BHIET & A A B S A RO SCRE I BE, I 45 5 7 7 b i
MBIRE, AR RIS REIR . G E SR OISR [N, RICAOEIIX i 5 ROAE X
FEZ IR D SCaR M= R L, BRI AZH . RS E AR B RS- T R A X A BB RE T -
b, RiFEBwANAGIRE BRI, SRR ST P X SRR E SRR R, RiEHE
GRS R A XA B AT 5T A7 0 K R R 8230 7 -

B AL CBOTART B EIE, SRTI RIS AR . RIS e S A R A
T R AR, NI 2D W R AR SR E R S i 7 M S B AR SR o 58 ¥ R R SR AN
a7 BCHLH, G 5RAHIEN GOT R BRR AL IR s HESh AR BUR S Al 3@ b BRI Te e . B
LI EABIHTT- &, eRERET L. e S S R BT . R, R B A, S
il 25 NAH R IR BB EOS, 2T A4 B3R 5k /R SR IR, TR RRHLBIHT . A
iR Gl Rk e RS

=, MEHmSAE AN AN, WREE S SRR AT R R S RCE . T T A
TR R R RE A R R AR AL, = A R I e R Skt P e IR U R . AR SRR R kiR
BT, NARYE S MBAR A AL AT, EARS st SO, N TERE
SIS BT M U A B R, JFHESIS AR G . EAA B IR, MR A AL SEEAEEL
o REAEMRSER BT N, SEE SRR R, &SRR PG
PERIAL 2 RS SRR, 51 SRACEMEEANA B IR R QIR BCR AL B IR 25 i 2 R R 1 S BR
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