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Abstract

As a pivotal sector for realizing the “Manufacturing Power” and “Healthy China” strategies, pharma-
ceutical manufacturing urgently requires digital-intelligence enablement to enhance innovation
performance. However, existing research lacks in-depth exploration of the configurational path-
ways and multiple causal mechanisms through which digital-intelligence enablement drives re-
gional pharmaceutical manufacturing innovation. Grounded in the integrated Technology-Organi-
zation-Environment-Process (TOEP) framework, this study employs fuzzy-set Qualitative Compar-
ative Analysis (fsQCA) and examines 31 provincial-level regions in China to empirically test the mul-
tiple driving mechanisms of digital-intelligence enablement for regional pharmaceutical manufac-
turing innovation performance. The findings reveal that: (1) High innovation performance in re-
gional pharmaceutical manufacturing manifests through three configurational pathways: “Technol-
ogy-Process” dual-driven, “Technology-Organization-Process” triadic synergy, and “Technology-Or-
ganization-Environment-Process” quadruple parallel advancement. Technology and Process con-
stitute common foundations for high-performance pathways, yet their effectiveness maximizes only
through systematic synergy with Organization and Environment elements; (2) Digital-intelligence
enablement pathways exhibit significant regional heterogeneity—leading regions construct inno-
vation ecosystems through comprehensive factor coordination, while other regions can achieve
high performance by strengthening core combinations such as Technology-Process, supplemented by
differentiated conditions like organizational scale or environmental infrastructure, reflecting strate-
gic choices based on resource endowments; (3) The realization of high-level innovation performance
demonstrates equifinality in evolutionary pathways, whereby various regions can achieve dynamic
transitions from lower-order to higher-order synergistic pathways through element strengthening
and combination optimization. These conclusions reveal the complex mechanisms and multiple
pathways of digital-intelligence enabled innovation in regional pharmaceutical manufacturing
from a configurational perspective, providing theoretical grounding and practical implications for
implementing differentiated and precision-oriented regional industrial policies.
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Figure 1. The theoretical model of this study
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fSQCA KRIERIR AR ARIE[31], Bk, %I iEXS A NI A BT R4 13 A [32] .
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Table 1. Innovation performance indicator system for digital and intelligent empowerment in the pharmaceutical manufactur-

ing industry
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Table 2. Calibration of fuzzy-set variables
2. BEMRMERE
RO SR ME
A e R FAA G
e AEXRL FEEANFIE
BT e 2= 24 ) 3 b B B 5 3L 23.77 11.31 4.30
BNV -INGE TN 19.9 7.29 2.61
BRZ
FRWERZ AN 26.38 11.42 3.36
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. MR 26.64 16.56 8.44
AT 22.05 11.95 5.95

- F& 30 HL I P RUASE 39.23 30.28 17.53
BE: NS 42.17 25.02 17.09

s G- M ey = e 25.88 11.88 3.75
R & B3 555 41.96 35.29 16.84

4. BURSTSSLESR
4.1 BAFGHLEMSSHT

XA R SR A BEAT —BUE 0T, ARARIUE— AT R — Sk A E] 0.9, MR, AFFELEL 2T A
AhE, BEAHNEWVARERER. AL . B AE R EE SR, ik 3 pur.

Table 3. Necessary condition analysis of single conditions in QCA
7 3. QCA FEBNF UL EHK I

L . PR SR KT RIH SR
it AR B
—EE s — BB
AW RN BN 0.877 0.914 0.404 0.544
~BARBE RN RN 0.562 0.421 0.835 0.908
HAZH .
AR R LN 0.888 0.916 0.395 0.527
~FARWIRE TN 0.541 0.409 0.837 0.915
HLMES 0.882 0.862 0.452 0.571
~H L 0.562 0.442 0.891 0.907
HEUZT
ZH ZUAR 0.853 0.854 0.440 0.569
~ZH G AR 0.570 0.440 0.887 0.886
% 2 T X R A 0.849 0.774 0.486 0.573
~H% 3) LI R AR 0.531 0.444 0.808 0.873
B Z
BEPNG 0.883 0.743 0.537 0.584
~ [#] [ 2 N FAE 0.506 0.458 0.764 0.894
2 iz E 0.814 0.914 0.396 0.512
~2k bizEVa 0.513 0.396 0.834 0.933
HEREETH .
2k 132 55 ) 0.717 0.698 0.489 0.616
~2 FXE B s T 0.605 0.478 0.682 0.704
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Table 4. High-innovation-performance configurations
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E: @7 ZRLRIAFAE, @7 TR OFIFIRAMME, “o7 FoRUGFKAIFAE, “o” FTonIBLGFITH
Ky BASREFIZFA TR AT A

421 “BR-#iE" WNEzE

A HL BoR, HAO KM ABARIE R G RBNAFAE L BN, D5 % ERE AR A
RN G L B GG SN o KR, RIEPR T 248 2 10 (8] I BE ik A7 AR SRR, (E DL A 22 BN N %,
I A AR BRI AN 51 5 26 E58 B i, T Re SR Al AT QU SR 124128 — iy 0.856, A i /0y 0.197,
ﬂ%*?ﬁifﬁ*i‘j 0.020. SUAYXIRANVT I3 A FIWILAE « YL AR ERIBNGRE E, IHKIE “ BN + &
27 PR LA 5, B RS HRBARTR A TR AR M e AN A, SEBL TR s IS IR S
ﬁﬁ[té WUL “Hey- 257 ~F G HEShIT R 2 3% 7 Al HiBh 25T e iRt , 255 Be B B i 5 2 LAt ik e,
TR T LUBCRMEE” ) BB % SR

A H2 BoR, HOFIPNBARII RGN, & LIS EEREAAAE . BB =, W%
KN EAZ G TEAIATAE o ZERARAE HL ZERE b, 0l 50 0R 1 Ak 2 3278 v f A 30 e SR AL, s 8y
iz E I BRI TT . 41— Bk v 0.837, /%0y 0.109, ME—FE G0N 0.043. | R E MR EE
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K RIFT SR ZASK —HE )y 0.869, HiE0y 0.129, ME—H a5 Z N 0.035. AR MY 1|44 2 Y
& INRBRIERBELER, WEEPIERN SHLIES, HEe R TR &, 1
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SiEk B RS R, B T R LA
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BB U ARTIRZ RN BRI, & LIS E EEZ 0%, AT R AR
MG HEBL, [ N NBO A B 244, & A2 53 M S A e IR . X R, fE O
FE SR A 70 o R A b, Bl DA CARZE BE (P R SCRF,  Re B IR AR A B SRk, 2SS — Bk
4 0.915, 7N 0.695, ME—7E G BN 0.615, KU AEMAREZ) 69.5% /K F-EIFN S 2, HIHF
61.5% 1) NN REW Z IR AR . JLR T AN BT 2 AR 2] A6 i ARFE H OOM A i Bl 2 el 5 [ R 7
By, ERFRGH. BEHEBME R . AN 5% LisE FRAR, HisidFE M 55 sk
LRI R R, SEIL T 2 AURE A T . BT DLTRIT 25 B AR AR S T AR, UREE
AR BN S i 77, SHCAZR RESEEAE 5 00T, 4 SUMAE RN 5 4 AR S0 T BE 19 4G 34

T ERAAZS H1. H2. H3 5 H4, W] DUR Ik PR 25 B Sus it s e 2 4S5k 4%, 1
T OTE TN AR SRR R T A R B AR S BAMILEL. 2ok, XTLERE “HoR - 387 BOTIkah 24 Hl
5 H2, HZOXHTETHARGIR N AN S FIZE VR Z MAAZESEK R HL DBRHEAREA, 58\ 1%
AR G B A G IRENBIHT, T H2 D DABR BE R R B AR Mg s, #07 B AR T X THARAR & A T
B AR . XN TERUTIRSIAESE T, AR GIEE ) FEZ MAFERIS AU . Kk, X EERUTERE)
B(HUH2) 5 = 7ot FIBY(H3), REEZE R AE T AH YL 5] NRE RGPEHRAMNASERIAR . H1 5 H2 72
BZ A TR, M H3 (ERIFEFRRAR T, B FRNEE RN & 1 E AL S 5,
TR N RIS IIBIHT RS, SO T AL I IR BT SR s P B AR S M . BJE, W H3 5 He, 3
TR T N “LR R RAE” B “RBTEI” B He EARETMIREIES, HEZOEE T
B IR 528 FIg s, 2 T IR R R IR S IR I S5 T AR A 2 )5 K P FR 5 1 5
RN o TELEIRSERA b, HARBN SR I3 AR BEBUS R . HA ik 0.695 I #5 R I, XM
HFRRE AL, HAES EARGHA TR, RE GRS AKCFEBR IR,
4.3. TREMRIE

ik B AN FLIZ A (2019) [36]45 i, AR A S — SO BME . 42 PRI —S0hE . B oAb 2% R 34 mEg
MR 25 77 2R AT QCA Faf@ MR I . A SR = — B A I 2, B IR is — S IE A 0.8 42
4 0.85[37], HIAALERIE 5. REMRINS RS X 4 RFF—8, MR ITg R EA R IR
P
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Table 5. Results of robustness tests following threshold adjustment
5. HMEAEENREERESER

FAA G A1 HA 2 HA3 HA 4
HARTFRN BN . o ® o
FARWE R E AN () () () )

MR ° ® ® °

LR o ® ® .

5 H 1K ) R ASE o ® ® ®
FIZEPN . ® ® ®
% iz EiE () ® [ ]
2 132 5 ) o . o
— 5 0.915 0.856 0.837 0.869
B 0.695 0.197 0.255 0.129
ME— 7 5 0.615 0.002 0.046 0.048
it ) — Btk 0.920
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EUE R 4K 2 B S AR T B L [ SR, (B AR RE B KA AR T 5 A 4R FE ) R G ) UK
HOE TR REBR AR 2L & A DGR B . dEat, LpsE et DOl e BRI R T eI A S RS
L5 WL R, RSB NE L SR BRI S Bt RE,  sifi DAL GBS, A 2R 4h 73
SRR B (ARG AR, B T T BRI SO R 5 BB SRR . BRE, KT QBT ST SEELA
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o R LISV B TRE Fo v 2 AL A %, B HIX AT icHE B S aknt, Gl 2R E SR
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5.2. BUEREIYL
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o J7 BUR REARFE A B S0 B, HEShECR SIS, SRR 5 E# S

(3) WA “atRe” GUFrE AR 5L . B ShTen R E I SR, BUR MK
SRR A MRS, SR MEACES IS . JE T XHVEER 2 WA aa i .« HIR + BE2 g
R RlE oS, RN ARSI PO IME, IS REHESIBRIZA, HHAREEGHETIH, BRR
PEPEIA . MR R T R QIR REEEN N BEHIG TR R 55 S5 LA (10 3 R PP e A
o FE IR %4 5 BRI N OvIL AT R 6], HESh™ M B AR 55 5 o5 SRR R e 2

5.3. AESRE

AW TR BT G MR AT RS AL M, AORBE FT AT DU Al = T A RO it DA
SN b 7R 2 A P ER RO AL RERE RO AR ML R, RTINS PP QCA BUR BB ERTIE, IRFTA ALK
BNt B AL RE LB SRS, K2 AN EA AP A . A, BEEATERE. K
HHREHARIGRNN A, “HERE” 4EEEM PR A e, 5 80 1R Rt ERRFEERTE .
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