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Abstract

The digital business environment serves as an important institutional guarantee for the digital trans-
formation of pharmaceutical manufacturing enterprises. However, the configurational paths through
which it influences this transformation remain underexplored. This study adopts a mixed-methods
approach combining Necessary Condition Analysis (NCA) and fuzzy-set Qualitative Comparative
Analysis (fsQCA) to analyze the configurational paths driving the digital transformation of pharma-
ceutical manufacturing enterprises. Based on empirical data from 186 A-share listed pharmaceuti-
cal manufacturing companies in China, the findings reveal that: (1) High-level digital transformation
in pharmaceutical manufacturing can be achieved through three types of configurational paths:
digital infrastructure-led, innovation-regulation dual-driven, and market-security synergy-driven.
These paths exhibit a distinct characteristic of “compliance first, institution enabled”, where meet-
ing compliance requirements is a universal prerequisite for transformation; (2) The role of digital
infrastructure is context-dependent across different transformation paths. It can switch between
acting as a core driver, a synergistic enabler, or a compensable factor, with its functionality highly
reliant on synergistic alignment with external institutional and market environments; (3) A com-
plementary and substitutable mechanism exists between government regulatory services and the
data security environment concerning the digital transformation of pharmaceutical manufacturing
enterprises. This finding deepens the understanding of the complex interactions among elements
of the digital business environment and provides a theoretical basis for enterprises to flexibly select
transformation strategies according to their specific conditions. The research results offer a new
analytical perspective and practical insights for understanding the digital transformation of phar-
maceutical manufacturing enterprises.
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AT AR, SR, BEZGHIE SR RS . mBE R S KT R R SRR, e R
55 1 XS R HE S R S o LRI, IR M S DA 7e 4 21 i b D] PR A T T e 1) < AN B
WNIE[3][14]; oK RG I BEOCH THREA FEUN “AReEE” AR[15][16]. Bk, B 7T 2 ol 2
W RIIRENHZS, AR AR XS AR B 29 3 5 B 25 1 e FE AR

-t el R R BT T HHR BHIR IR IE S A, BT E R MRAE A ST SR R
(I BERRIRER[17], AbG T BUR IR« B0 22 4 S 1 FE ORI DL R BB SR . AN A R4 S5 1 R 52 R 18] [19],
R T AT RER BN EETE20]. ETASRGHE, BT E RSN T E2Hlis S B e R
FIRAF I ANT A RGO . AW TR BB F IR . BUFIEE SRS . Bl 52 &5, Al
WES B AA LS KT AN, ERIZAS RGP RS, SEAR. mEdEH
JRPEAT W R SCBRAT St o IR RO F5E 43 ) 0T R 2 AT M KA A R 3 v et e R i M A 1 55
RER, I8 B A 0 I 1) P AR 5 TR SR, )M I A A B g e o (R S e 2Rl 21] [22] ABFA
7T % DUE il 5 BB TTlR: (1) s 2 24 0 i B A TR 1 5 T B B R 2 A R
Se? W DUERE T P2 A A B 4E B2 HARAL, PR 2 MU 5 R PR B 2L 3000 1 24 1) 3 A b B A0 B Y 1
[FIOXBALHI, s Be 20 Mk B A R SR 28 IR AR SR T — DM E R A AT HESE . (2)
FHFE I R 2 T R A IS A S ST AL RO (L B R ? 18 NCA JiiEta i s
FAhis . BURIRE . BdEe s, QU SCR. A S KT R SR B 3 R 5 A b4 i B K 1)
B, RN LR GRS o (3) 51 B0 253 Al IR i Bl A G B K P 1 80 8 e A S5 R AR A R
57 JET R EATHAS, WEERNMBREIARR, ARG SRR KR 2
FRERIREN AT, 0 R BRSBTS S e SR

2. XBRGRER SHFHESS
2.1. EHRIEE B TR

B= 24yl Al 1 B 7 A e AR N B P ML T R S 3R T 0S8 G T R R AR, A8 SR PP T3 T i 1 22
Peil: AT 2 IPIR A 23], PR S BR R SRR [24]; 5 BT REA L SBHTR BN
HACRART[25], R RRAFFEEETHEAE 7 AR IR EHRTH26]. MR, R HIGE 25 B E 2
HRBSR A BN A RO AR [27]. RAE B AR CBatR, BRI I . SRS
et B BB (0 = 24 3 A LV R SRS AT Z X PEARRE, 38 A R AEAT W BE PR 5 A7 AEAN 2 .

B S, oL RS R B HE e B r H T ~ "A B - SR8 SRS A ST T 4518 9], Nor
el Ak N AERLAI SR AL T HEZ, T2 24 ) 325 A b P 5 e AR P 75 1 — 2D A N ) FEE DR 3R AR AR )
“HNERPREEIE ) - ISR HE” BIRHESEOGE T BUN BT RIE SR . AT LR IR . Pk g5
FREFESIN IR Sy, KB SHRGHIL . WERBHEIRRAL . AR A BT AT AL 55 Py 3 Bt it HExo il i
A b A R R AL A RNE[10], (H R 243 Aol v g AR BE 22 00f HEBUy AL B R A i 204 Tt 75 E 5 )8
TOE HEZRER G T BOR . LIl i Ao b B (e R I R 5 BN, (B[R T I FEAN I TOR 254
RS T AR LE R, WPhsess2023) KB 7 BORIKENR HoRk - HAR . ALK RAEA - 3
R A RPIRASIRAR[11]; EL02023) I 7 M 305 2108 3 S I AMBIA B ARG L . X0t 31
EFIREIBIRL BEST - LG5 5] - SRR A AP KB Y = 2kl Al e B A R IR B B AR [ 12]; 1T
BEEMXSCEQO2)MAILT 1 5BAR - HHE IR 3 JFH0R - HI - B4 BRSNS
[13]o iXeeZ b 250, W] 1 B AR RN B R 28 1, thONIRR BR 25 id Ak A e R AR g it 1
Az,
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22. BFEFHRESHERLHFUHER

B B A B 2 0 i A (0 ) B R At 6 A B A R R IR BN AR B 5
ZORE. DAEBHFURIL, B ERHEEE AR SES RS 1 e 77 i 45 & B HEA IR
o, EWBSTSHRR, MREFEFET], s B R [28]; 8l e it e & “iF
AR RS v ) R S AR AR BB L [29] s AR Al B IR B AR AR i A L
AEERL30]; I 2 SEHCHE S 750 s TR A 1 255 AT 136 A b R B A 3 K [3 1] I SE i S0 B A o]
O A BRI T A 2L

SR, XL RE T — FRC I Al R BIF T 45 V0 7E AR R 24 0 A MV T AFFE SR B o R 243 Al B i
B B R KR A SRR [22], SR B A A G R R AR . A N T REST (5 A
BEIR[32] [33], BESL RN A AR [32] [33], R BARR T S5 KR A ARSI [22] . X — WIS T
TG EATIE SR, RZGEE M AHLE S E S SR .

2.3. ERRE SHF5ESR

RTERARGHE, EAGEMWEFEMEIN 2 ZRE . 2RI ERAGRIL. 57
B RPN B BN R 2R, /N R B SR REE A S A T [ 7 A AR RN [34 ] A Ut — 2D A
BESRGEE, KRGS MYV 5N E A S E S AR DA, ZES
ARG 2 A ORISR LE EER i, N3 BRI AAT 5 R RN AR AR AF[35]. S5 TR AR AL UL -5 1
FERRR, v B m P T A R Wy Al e S R (0 B YRS HE I ) P SR S S 2 L Y
LF GG BARTIE, NANYEE U £ T O B2 24 138 A4 A e RO A B xR B N. BR 2
AT A SR R RS AR E Hm AU BUF IS SRS, DARRARE XS 5 1 BEPEAE 7 A, it A
WANHCL S . B R, ORE B R . DERBEE RS KR R, e EdE S
AR O AR S AR Bl (RT3 . I A PR AT i AR B 22 TR Ak D7) 7 B A E 1 8
A SFEBOR SRy LA BRI ) [P35 R 10, (R AR M R 807 A N A iy DA R e TR R A o B RE L 2R
MR St ) B A, ELER AR il 5 R G EIRAE ST, 0 ORBsRIE A St se bk 5 A i i
PR ECE R, R, RUFTIMENE N KRG S 51 S SB BT ACRER, ERN R R E
EIRAET B -

fadt, ERONAECTE IR IFARIGLE, T2 SR, I B AN AR, S R BK
B2y i b SEIL R B BRSO N 1 FR FER AR, ST T E R MR R
X 2 245 1 3 Al e R ) A S O
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Figure 1. The theoretical model of this study
B 1. AAREISRE
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3. iRFEEHERIE
3.1.NCA 5 QCA R&WHE

ARSOR A Z R AF I BT (NCA) S S 1k ELE T (FsQC AV AS B I T ik B e, DR 2 Ak 1
By R B S B B R A A B SS AR A, LK BL B 2 KD R 5 B AR S AR IE . fsQCA T7ik
RES A ROR B L RARL ML LA B4R, [N R 7R ZER R B ARAME R R [36]. HIR, NCA J7ikml Kl
— R BRI A A, MRS T IR SRR ([37]

3.2. MER

% B BIHERE VORNK AT IR A, AR SCRE 2022 4F A BEEE 2L BT BRI N WIAAREAS, HE
KIEF CSMAR $i#fg /. WIND $idls 2. (PESGIHES)  ChE XSGR ) 2. NRIE
FEAR ANV A RO FIRE FE 45 TRMRE N, ASCE S BV UL TREARIRIE[13]: (1) HIBR ST K&*ST K4k
s (2) G BRAR AR B AN 4 DA AR AE B AR S B Al (3) A Bk FENL SR A i Al (4) AR
P BT A F R B T A AR AR G A R, BB AR BT AR R Al . B ZRTE 186 ZKAEA
Al

33. TENESKE
33.1. £RTE: EAFIEDIEFHER DT

FFEEZHE L BT A F VAR P S AR A EORE R A B AL R . S0 R AE(2021)
PRI BUCAL SRR [38], 6 SR AA TR SEE #EAT 0 1 O BB, 15 3 BE 25 3% b B AL AL (DT).
3.3.2. BIEEMG: BFEBIE(DBE)

SHERIEE(2022) [18], WEREIHTFERAREITM B AR, IE 6 MITFERNEER. 5%
HHL(2019) [39], RAMAEENEH T E ARG 7. BANEDE 1.

Table 1. Measurement indicator system for the digital business environment

1. BFERMRVEERFR

B &=y BREIAEA Hd KR
IPv6 A7 J&) IPv6 Z56 R 16 50(1.00%) HHE IPv6 KRR &
Mersntsreg  THPLIGEEA BN T HLIEL(4.38%) E g
(13.95%) BBl 1% B G [ 2(3.01%) i [E Ge iR %
LI R ELIPE I T R N3 1 (3.62%) HES RS
BT R B4R T 1 B H/GRP(6.21%) HE SR
BUHH(21.13%) AHThE BFTRE 1R 5(2.10%) H | DX IR BT B AP AR
BIFT= H =ML RIFALEL(6.83%) HE GEi A %
A ABR A AR A (5.30%) HIARITHT S BT
Wl 55 AR 8 Fesksas
(18.61%) FEZ%4 15 B2 HN(11.33%) FEgUTES
WA 2% 22 4 LRE M2 218 50(2.41%) W £ 22 A Fa o i
Eﬂzﬁ?&%%;‘?ﬁi)%mﬁ oy gﬁ&z\%%ﬁﬁisﬁiﬂ. ;i;ij)?&ﬂcsw 5 [ 4R
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v G EAEY . RS BRI MRS A X
BB IR B (9.20%) B
1E2R IR 55 WA 55 AR 55 RE T AR FE H0(2.31%) P E BT R RIS
AL FESC TR E(2.97%) rp [ S PR R S
NJ17KF TFESEHE UL LA A H(3.14%) R E SRS
. . =L BEAE B R AR RS T e
(13.24%) o
et = B A RS P
R = Bk 15\1?;;(7.231(5&%ﬁ1 G
MinTER LT 78 S5 B S 401(6.32%) TR E g%
TiHAEE(20.32%)  STAMTISRERE AP BB A A% (8. 74%) FE G HES
205 RSB NI X A 7 B 4H(4.54%) th [H Gi 14 %

3.33. TERHE

AR HAA A A B e I . 2% Fiss (2011)[40], KA RN T ETE . T X AMEs
ASFIBI 3 AEEHE S5 3V 9 RBIREAR 1) B DU 8 (75%) HRAEEL(50%) F R DY 40 i £ (25%), K
Az E i AR SAME B A2 i L O T 5 (B SE RN (41 BEAh, N T B TE AT R SR R R B N
0.500 FIZHAS VAR 0] B, ASCK: 0.500 S EIRZ: 0.001 H5[42]. B2 b AR = Ber b 8 R R ks
Tk 12 24 )3 A b i A AL B Y (R AR SR S . AR A MR A s B R MR G L 2,

Table 2. Descriptive statistics and calibration of variables

2. BEMMEM GO RE

e O SR Wik Hgir

AR A8 XA SERARIE YA bRt 22

Hr A BRI 7.419 5.151 3.580 5.270 2.019
BT 7.138 5.789 2.713 5314 2.901

il 522 23 6.664 4.168 2.420 5.411 4.666
BUR I 8 5 IR 55 TR 5L 11.898 7.301 4.966 8.462 4.560
BT NA L IR EL 9.938 5.882 3.102 6.132 3.636
iEZEZNE 10.597 5.786 2.257 6.045 4.018

= 23 A A7 e 2 1.609 0.693 0.000 0.930 0.887

4. RS S EIELSR
4.1. WEEHIH

NGRS AT 45 SR AR AR, AR SCIRIINT SR B PR ET U5 23 BT i (CRYRN B BRAELES 23 T3 (CE) SR 5 6 /i
A& AF RN & d (Effect Size). T Dul %5(2020)%5 H (I S AR HE[37], L BEZAF MR B (d)FF AT 0.1
HIEFEFEKF(P <0.01). NCA iHELEFRWZE 3. nTLUEH, Firf iR AR g 0w 8 53 KP4
AR, U AT AR B 2 i A Bl A B ) L B
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Table 3. Analysis results of necessary conditions using the NCA method
& 3.NCA FELERH IR

F 3G Jii: KSR RE L FRX I (ceiling zone) i BB D P1{Hc
- CR 99.0% 0.002 0.89 0.003 0.899
Zes ity TS il > I
CE 100% 0.003 0.89 0.003 0.917
P CR 96.4% 0.005 0.86 0.006 0.263
1% NI
CE 100% 0.005 0.86 0.006 0.299
CR 97.4% 0.008 0.91 0.009 0.189
s 5 2 I
SEENE
CE 100% 0.009 0.91 0.009 0.170
T CR 94.4% 0.024 0.89 0.027 0.129
. B T AR
CE 100% 0.007 0.89 0.008 0.359
Mol Aof TR CR 99.5% 0.004 0.86 0.005 0.260
=d e I
CE 100% 0.005 0.86 0.006 0.253
— CR 95.9% 0.005 0.90 0.005 0.312
AR
CE 100% 0.004 0.90 0.005 0.463

E: L R EREEE. 2.0.0<d<0.1:  “fKAKF” 5 0.1<d<03: “HEEKTF” . 3.NCA G4 1 E ks
I8 (permutation test, FEIHIXEL = 10,000).

HACE TS RN 4 Fs. ATRLEH, ZLAR] 80%[1 B 25 il m i A e 2, T2 0.9% (1)
BUHTAEL. 1LA%MEIR 5 220 1.1% T, HRFMPEEINAAEMDIT Bk 3] 100%) &2
i3 Al R BT A Y, TR 11.4% M P IR M 55E | 4.3% BT L 7% M 8dE 5 % 25T 31.7%
BT IR 5IRSAEE . 43.7% T AA AR 3.6% M TS . XKW, BANZMFEENLE
) S 2 247 3 A b vy B A e R PR A B SR A

Table 4. Bottleneck analysis results using the NCA method
3 4. NCA FEMBUK R4 R

BRGfhlE s vl

S we  BNRES BTt

o vk RPN ¥Rl Worh  puary DN
0 NN NN NN NN NN NN
10 NN NN NN NN NN NN
20 NN NN NN NN NN NN
30 NN NN NN NN NN NN
40 NN NN NN NN NN NN
50 NN NN NN NN NN NN
60 NN NN NN NN NN NN
70 NN NN NN NN NN NN
80 NN 0.9 1.4 NN NN 1.1
90 NN 2.6 4.2 12.8 NN 2.3
100 114 4.3 7.0 31.7 43.7 3.6

7E: 1.CR /i%; 2.NN= A,
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N T R B ZEAT BN W 5 R AT S SR, W fSQCA T7EKR S NCA J7EA b B2 73
PréiRo 18 fsQCA Tk, —BUEAKTRT 0.9 WATHE Z 4 F I8 T 45 R AR B ZERAF[36]. KRS
MR SQCA 3.0 BAFH AT b BRI, RIS BB R 5 . "TUE
H, A 6 NFAFARRI—EEE/NT 0.9, BARREEAE, 5 NCA TR RIMEER 2, Ul
PEI M A R REANE,  [RINAIESE PR 25 138 Al 80P A e RO F AR B2 2 PF P B, TR 2 2R b
ISR

Table 5. Necessary condition analysis of single conditions in QCA

F 5. QCA AR F LRI

B Y EFRIE S R it
i 5 2% A

— B — 5k 8

B FE A B A 5 0.540 0.533 0.554 0.550
~B T R B A5 0.544 0.549 0.529 0.536
BT 0.486 0.528 0.535 0.582
~BIET R 0.615 0.568 0.566 0.525

Bl 522 3 0.525 0.531 0.560 0.568
~ AR S 2 AR 0.572 0.564 0.538 0.532
BUM IS 5 RS 5 0.559 0.530 0.590 0.561
~BURT IR S IR 25 A5 0.537 0.566 0.506 0.535
A UNA B 0.548 0.548 0.550 0.553
~FANA LIRS 0.553 0.551 0.550 0.550
QIEZEZRE 0.479 0.486 0.575 0.585

~Ti 7RI 0.590 0.580 0.495 0.488

4.2. FHESHFES TS

FHASTAESETRERZAATH A EASHERT BN T oM. S5 HIE)H%(2022)
[43], ¥ 546 — B BE BN 0.8, ¥ PRI —BUWERME Y 0.7, ¥ RBIESIE B E N 1. it sQCA3.0
AR, LA RIE LM PIRERI S e 3 MR, AR SCEE DL R T TR A ) SR,
Vg TR A R 17 249 i o S5 I 25 A a8 SORAZ G SRR, 3 R I PP B 1) At 2 ORI 2 %A (44 2HAS Y

Pras Rk 6 s
Table 6. Digital business environment configurations driving different levels of digital transformation in pharmaceutical en-
terprises
# 6. EAHIES IS/ SR FEHERENRTERIMERAS
o AT Bl it
- Hla Hilb H2a H2b H3 NH1 NH2
B B it P o o ° ® ° ® ®
B ER o ® o o ° °
HiES5 w25 . ® ® ® o ® °
BUR IR 5 RS M55 ® © ([ o ® ® .
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Wt &
BA AT B . . . ® ® ® o
LS ° ® ° ® () () ®
JR 6 78 75 0.110 0.086 0.185 0.074 0.088 0.270 0.188
ME— R 0.035 0.015 0.115 0.038 0.034 0.145 0.063
—Hik 0.885 0.896 0.806 0.823 0.861 0.809 0.854
S 0.279 0.333
p N 0.812 0.835

T ‘@7 RRBOFMAAE, “®7 FRBOFMFRATLE, “o” FIRUGEKMAEE, “o” FRbBFKIMHik
K 2 AMREIZFAF L AT AE ] A AEE

42.1. FEEGHEVSHFUERNBFERHRRAS

7 6 m AL, PEAEEAHIE M B EHERASE s M, —8MREYET 0.8, BA—HMR
ok 0.812, IXBELE KT, RIS FEHA RIS 2 s B A B e o sk F . AT 25 5N
0.279, UiHA 5 FhS&AHHE I R 27.9% SE I m B P A B R 25 it ko AR SOREIX 5 Fh kA2 & e b
NUAT 3 P S M R AL

(1) Bk 58 474 Hla fl Hlb

KBk 3 AR I R BT HE A B PR B AR S T P B R R 2 s e A R T R T
TEH

HAS Hla (B 11%56], Hrb 3.5% N HMAR)RY, RMEEBUNIRE SRS ERIGHIE ST,
oAl 56 3 BT SR R AR DR, IR RIS . B 5 2 MR SR &40, R HlE A
RESCIL s B A A T . D22 HSIN M, HARFEAR P9 A0S 13807 A 1t (I A ke DX 28 S 40 e it - Y 4%
TR R, (ERE SRR ST, i B E AR S A: P EE SRR SR, ORI R R
LW QUSRS R ARNHRER, Bk /R REGIEME, A 5T EZBREIEN, ERR
PG BTG TR

35 H1b (B2 8.6%% B, o 1.5% X F MR ) S W H 72 22 Je I B R LS, B A N A
BEAEFRIEAE TN G5 RIEAE L, T 58 385 (R 507 BE B V50 e PR 55 40 SR S A1 13 122 24 ) s A b ke A A 7R g o
BRUKE] )y KN A ST R BT R TLYY, %& 7 R&D N BN B4 —E L, EEUFHNE TSR
104 E AT R 25 K [45], Vi@ insm s & 2 . R AR, A RORAN MR . HAE
FANURITET . HerBanh b i I AR AR S8, B A A MR T S5 VR R A R HESh A s gk, — 3%
BrIE 51 S AL S 5 B A R B2, AT TR A B 1) 24 S I B H b

X 2R A S DB - Bl Bt A% O 2k, RIT LR AT AR MR v S R B Bk Bl 22 e
RS RV R SERAR AT, H AR TN 2 L R AR e . B — P BoR, TEAMTIRE R RA T
HF, RGN PTRIEE S EREE S, B A ME RN B SR, S E EEE R,

(2) BIHT S B RS B IRE) Y . 0 H2a A1 H2b

BT W IR 55 U TR 20 B i PR 2 1R P S5 AN BURT I 8 5 IR 55 20 558 1 VI ) 476 FH e 68 DX 30 [ 24 ) s A
MV SEIR S K R AR Y, DA O AE T R 008 il 112 2 1) 3 A by [R]85 R 5 50 ) B R 45 I ) R

A H2a (i 18.5% %51, Horb 11.5% A AR LLs BUH M BE . = BUM I8 5 IR S8 JE %k
W 52 BN, LS BRI IR Y . SR A R A . ST IS NI S %A
A S T E GG [ m BT AR . K TIT E0ER, 2R B 24 7 W s B il & AR
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