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Abstract

This paper explores the evolving competency requirements for pharmaceutical engineering profes-
sionals amid the digital and intelligent transformation of the pharmaceutical industry under Indus-
try 4.0. It highlights that conventional pharmaceutical engineering curricula fall short in incorpo-
rating cutting-edge technologies such as artificial intelligence and big data analytics. Furthermore,
existing training models lack alignment with smart factory environments, and there is a significant
gap in faculty expertise spanning interdisciplinary and integrated domains. To address these chal-
lenges, this study proposes a systematic pathway for curricular reform, centered on the core prin-
ciples of “interdisciplinary integration, data-driven approach, and virtual-physical convergence”.
Specific strategies include: optimizing course modules by introducing interdisciplinary subjects such
as Pharmaceutical Informatics and Process Analytical Technology; establishing a multi-level prac-
tical teaching platform that integrates virtual simulation, hands-on experimentation, and compre-
hensive project-based learning; innovating teaching and assessment methods through student-cen-
tered, project-based approaches; and enhancing the development of interdisciplinary teaching teams
via industry-academia collaboration and targeted teacher training. This research aims to provide
theoretical insights and practical strategies for advancing the pharmaceutical engineering discipline
in line with the goals of emerging engineering education, thereby supporting its substantive upgrad-
ing and high-quality development.
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Figure 1. New model of intelligent drug manufacturing
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Figure 2. New talent demands in intelligent pharmaceutical manufacturing
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Figure 3. Primary challenges facing the modern pharmaceutical engineering curriculum
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Table 1. Brief outline of “Big Data Analysis and Artificial Intelligence in Pharmaceuticals”
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Table 2. Integration of digitalization and intelligentization into “Pharmaceutical Equipment and Workshop Design”
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Figure 4. Strategic approaches to pharmaceutical engineering curriculum reform
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Table 3. Integrated teaching case: optimization and diagnosis of tablet production process based on QbD and PAT
F# 3 RMEMBEFERG: ETF QbD F PAT WA FIE T Z M 52

mH HEANA

E P FT QbD Al PAT B F FILE = T2 5 K412 W

BAEZ QbD (& JE T W it)

PAT (G FE/3 BT A)

LR FEH) 24 Al A P — R A F TUAK R 7)o SR, AR P i e o 2 B 2 AN VR B R 70 R A e R
HEEH, SEC=MBEATRE, NS QbD JR N . fisMb 7 B2 i #4571 FAR A Tl ,
HHRARE I T E.

BRBFAS SRR 25 SR I8 AR, R TT RS A IR AA R R (AR E. &

KRSy, BURLK 5 45).

iR BiR SHRETH :
BERIBIEHIRL. TR R &R IoERA R CE T 22 5(CPP).
PR BB M (CQA) IS I H 5 CPP IR &
T PAT BAR (T 2L 4063 NIR)TE S U 34 350K 7K 73 R0 R 57703 HE B PP (R R P o
Hige 2
Aty A8 I gE it (in Python 5% Minitab) st B s 4 P S #E4T 4R 2 ME 2 BT (EDA) -
Refs T PAT £, #I%E CPP 5 CQA Z A1 & e R BEAY (122 TRl A B L% 2 ) # )
RERS I AR IR B DGR i IR 3%, A 3% 2 CQA ZER (1) CPP “#tit-=5[|]” .
RERBTAOURI F SC I PAT 20 HEAT A2 7 b FE2 A 4 RVl 22 TR
B4R
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M| BRI S B (A 52 (QbD)
FrEt=: Sit s 542 W (PAT)

rEBE LA k. Python B¢ Minitab.
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%%k FDA 35T QbD Al PAT K47 MLFE R il 2
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JERS A AR ST R, SR “Ba - ok - QU7 AR IEE, SeBl IR S ORI
IS, MFFEEERER N TR RE. KB ML NS5 ATV BRI R SIS, MR HOR . B, Bk
RN FE SRR, IRFF A IR RVATIEVE S itk MEA L, A REAWTHERE TV B0H 1
EBCSFUESETE, B E 6 25 Tl SEL R KPR B 3L B 95 245 K 320 ) o) 24 568 ) PR i e T B 43t
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