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Design and Practice of AI-Empowered Case-Based Teaching in Cell Biology

MA Xuejing”, SONG Lili", XU Wenya, LU Jing, LI Mengran, LI Tianjiao, LI Junfu, ZHANG Zhaoying*
(Department of Life Sciences, Cangzhou Normal University, Cangzhou 061001, China)

Abstract The development of Al (artificial intelligence) is gradually transforming the teaching methods
of fundamental courses in higher education. Taking Cell Biology as an example, this study aims to explore the
design and implementation effects of case-based teaching empowered by Al. To address the abstract and complex
nature of Cell Biology, a smart teaching system was constructed by integrating four principles: a student-centered
approach, a case-driven methodology, an Al-powered engine, and the seamless integration of ideological and politi-
cal education. This system, supported by platforms like Rain Classroom and Super Star Learning, covers the entire
teaching process: pre-class, in-class, and post-class. Before class, personalized preview resources are distributed.
During class, Al is used to clarify easily confused concepts, visualize abstract knowledge, incorporate scientific

research cases for ideological and political education, and organize student presentations and course explanations.

ek H 493: 2025-08-24 B2 H Il 2025-10-16

Y PT84 B 8T H (L 52 20241GB012). T A4 L AR R 2 0F 58 S BRI (AL 50 7Y 2021201) AT HBAE im0 S5 2 IR U 205 iU it e 00
H (A5 2022GIIGS506) Rt T 27 e BHIT 615 1 BA T H (HEHE S+ extd12303) 55 B Rl

SRR

*EEIEE . Tel: 0317-5667926, E-mail: zzy0111@126.com

Received: August 24, 2025 Accepted: October 16, 2025

This work was supported by the Teaching Research and Reform Project of Cangzhou Normal University (Grant No.2024JGB012), the Research Project of Hebei
Association of Applied Technology Universities (Grant No.JY2021201), the Higher Education Teaching Reform Research Project of Hebei Province (Grant
No0.2022GJJG506) and the Project of the Scientific Research Innovation Team of Cangzhou Normal University (Grant No.cxtd12303)

“These authors contributed equally to this work

*Corresponding author. Tel: +86-317-5667926, E-mail: zzy0111@126.com


https://cstr.cn/32200.14.cjcb.2025.12.0022

3244 AR AT

After class, case studies and problem-driven reviews are conducted to reinforce knowledge transfer and practical
skills. The teaching practice results demonstrate that this model significantly improves student learning outcomes.
The failure rate for the 2023 cohort decreased by 25.65% compared to the 2022 cohort, with a notable increase in
the proportion of students achieving medium to high grades. Course satisfaction exceeded 95%. The results indi-
cate that the systematic integration of Al and case-based teaching not only effectively enhances students’ compre-
hension of complex cell biological mechanisms but also broadens their academic horizons and strengthens their
awareness of scientific ethics. Meanwhile, the study also investigated the impact of Al tool stability on teaching and
the students’ usability evaluation of different Al tools, proposing a gradual integration strategy to inform teaching

practices. This research provides a replicable and scalable systematic pathway and practical paradigm for reforming

biological professional courses in the era of digital and intelligent transformation.
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Table 1 Al-empowered “teaching-learning-assessment” cycle in Cell Biology
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Table 2 Cell Biology course teaching effectiveness evaluation scale
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Table 3 Pre-class task design and Al-empowered strategies in Cell Biology
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Table 4 Comparison of frequently confused concepts in Cell Biology with Al-assisted analysis
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Table 5 Challenging concepts in Cell Biology
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Chapter Concept Explanation Real-world analogy Scientific context
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R4 5 [1; PARP: SEADPIME R A, HDAC: 4485 (13 ZWEALHE; GABA: y-& 3L T R, EGFR: £ A K132k, PDE4: W% —fi5HiE4; RAS:
RASHEFE R ; CDK: 4 J& 1 8% R 6V I MPF: 400 224> 242 HER 7 iPSCs: ¥ 5 £ R8T 4.

DNA: deoxyribonucleic acid; CT: computed tomography; HIV: human immunodeficiency virus; STED: stimulated emission depletion microscopy; PD-

1: programmed cell death protein 1; ATP: adenosine triphosphate; Sarl: secretion-associated and ras-related protein 1; GTP: guanosine triphosphate;
Arfl: ADP-ribosylation factor 1; Rab: ras-related proteins in brain; FZO: fuzzy onions; MFN: mitofusin; PARP: poly ADP-ribose polymerase; HDAC:
histone deacetylase; GABA: gamma-aminobutyric acid; EGFR: epidermal growth factor receptor; PDE4: phosphodiesterase 4; RAS: rat sarcoma virus;

CDK: cyclin-dependent kinase; MPF: M-phase promoting factor; iPSCs: induced pluripotent stem cells.
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Table 6 Curriculum ideological education cases in Cell Biology
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Table 7 Research outcome and teaching cases in Cell Biology
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Category Content Topic Presentation highlights
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10. Chromosphaera perkinsii| — —Fh 520 i AP BeRi IR 58 12 T e HAT 8L T S i 22 4 43
FRE SR A BIRFAER
HrhEARELZS LB R ERG RS ARSI TULP3 S A, WU Sirtuin-v-ATPase-AMPK ™5 5 fli 8 4%
UM PSR T (M) ML b
12. “Senoreverse” 5 B i % 4% FENG O AE 2 B0 75 5 BB GEBE T, AR B BE 0 32 2 2 i
EA Jo S5 HE T SRR, S A Th e 5 L 0 2 R )

SRP: 15 5 115Uk, RTK: A2 % 2 FR 1, Ras: Rasih [1; MAPKKK: 22 %% J5 1% A6 5 1 3l ity 5 i, MAPKK: 22 2% 50 Ak 25 1 I8 il iy
MAPK: £ %4 J5 % A0 2R 3l CAF-1: % {0 )5t 20 3% X 1--1; DDX18: DEAD & fift i i 18; PLA2G10: il l5 B A2 55 X 2H; TULP3: TUBHE I [3;

Sirtuin: YUER(E R H; v-ATPase: I ATPHF; AMPK: AMPIE AL R (A M: X IRAE H bR 1)

SESCHE He R R B AR RS

SRP: signal recognition particle; RTK: receptor tyrosine kinase; Ras: rat sarcoma virus protein; MAPKKK: mitogen-activated protein kinase kinase

kinase; MAPKK: mitogen-activated protein kinase kinase; MAPK: mitogen-activated protein kinase; CAF-1: chromatin assembly factor-1; DDX18:
DEAD-box helicase 18; PLA2G10: phospholipase A2 group X; TULP3: TUB like protein 3; Sirtuin: silent information regulator 2 protein; v-ATPase:
vacuolar ATPase; AMPK: AMP-activated protein kinase; M: moderate support for the course objective; H: strong support for the course objective.
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Table 8 Al-empowered strategies and implementation for post-class review
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Table 9 Results of the Al tools usability evaluation

THAR VP 4gEsE TR P rbr R % FREAR AT (vs 3) RIS P
Tool Evaluation Item ez Satisfaction ~ One-sample #-test (vs 3) X test P-
name dimension Xts rate /% value
[EERT Fii 5 v PR FHF BTG, 5 T3 3.90+0.89 77.55% =11.01, P>0.001 0.271
B shie
YA e P 2 2 e {5 A B AT T 3.88+0.87 73.47% =10.62, P>0.001 0.226
S A E
LD)VATY: L N AR, BRI C R 3.7440.98 66.33% =7.89, P>0.001 0.396
Thgefa e vk Hogetase, IR HILANE. RIE  3.65+1.01 61.23% =6.83, P>0.001 0.023*
B2 2 OS]
WA T TR R SR T  2 HE 3.77+0.95 64.29% =8.45, P>0.001 0.725
ERE
E b FHiH g vk PN H T B, 5 743 3.89+0.91 75.51% =10.23, P>0.001 0.107
Bt shie
YA A P 2 2 Al {5 F B kAT BE 3.78+0.93 66.33% =8.76, P>0.001 0.298
TR R 58 e &
M) 7368 55 o L FEARMR, ARG R 3.73+0.96 63.27% =7.98, P>0.001 0.610
Difetase vk HIjgefeoE, I MRS 2 3.64+1.00 58.17% =6.72, P>0.001 0.023*
TR
WA FTE THEREI 2 2 BHR BRI 2 5 3.84+0.88 70.41% =9.98, P>0.001 0.626
HEff . AN
DeepSeek  Fi1Hi & f TN N HF R, 5 TEH 3.99+0.85 79.59% =12.34, P>0.001 0.259
AR FR AR 2 A ) R A AL 3.96+0.82 73.47% =12.34, P>0.001 0.107
P Ml 7] i
W) S 55K JEE o R EARAR, [R]85 A i 3.81+0.99 66.33% =8.56, P>0.001 0.396
Uifiefeoe i RS FE, IR IR W FR 2 3.72+0.95 63.27% =7.98, P>0.001 0.023*
R IAE
WA AT R M AR T 4.08+0.76 83.67% =14.89, P>0.001 0.001%*
[HE[X PN IRy
T S G A TN N AR, 5T 4.1320.73 85.71% =16.34, P>0.001 0.001%*
YA RAEE S AT e SRR 4.10£0.75 82.65% +=15.67, P>0.001 0.001%*
53]
M 132 5 o R AR TR, SHE S 4.01+0.82 80.61% =13.45, P>0.001 0.001%*
ifetase HIgefsE, edeRrm A2 3.99+0.79 77.55% =13.45, P>0.001 0.001%*
X i
WAGRHMN  EERMAEEAEL. BB 408£076  81.63% 1=15.12, P>0.001 0.001%*
J3 ARS8

T BE=[ O BT R 5 AR R R I AR A NH)1x100% . cR 38 N SREAR R 56, KIS B S S B TS 3 S . 2R A R
JERG IR, RI6 SR I AT R T 5] #P<0.05, **P<0.01, Fongiil B B E .

Satisfaction rate=[(number of respondents who chose “Agree”+number of respondents who chose “Strongly Agree”)/total number of respon-
dents]*100%. The t-test was a one-sample #-test, used to determine if the mean score was significantly higher than the theoretical median of 3. The y?
test was a goodness-of-fit test, used to examine if the responses were uniformly distributed across the options. *P<0.05, **P<0.01 indicate statistical

significance.

A BRI, B OUTS B, (BRTBL FHPEE R (P>0.05)(R 1), HAARTE CFH AR S

il 50 2 2 AR B S AR M RLAT IRl R R )M, PR 85% (21 3). X
32 HFFHEEES R, AL AR A REF 1 SR BRI

20224% (K1 2) 12023 2% (B 3) 74 0 PR 27 2% S i N O o s 0% v | R e i S 2 B8 N E
RPN AT o A3 A A 36 25 B ow , ek WA ), AR S LB k3] T
TR0/ B, PIANME AR R L35 A I AR R AR . Horp ) SORBRTE “ B2 ST B IR 5 il
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Table 10 Results of the y? test for final exam scores
it X HEPE L SEHGHENEL JOTTIREE
Score band Number of students in control group Number of students in experimental group x? contribution
100 0 0
90~99 0 5 2.54
80~89 5 16 3.01
70~79 25 39 3.82
60~69 42 41 0.01
<60 54 21 6.67

“IRIRMMIECN0, RZ P E

“-” indicates an observed frequency of zero, which is excluded from the y? calculation.



*? test yielded a P<0.05, indicating a statistically significant difference in the distribution of responses to this item between the two grades.
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Table 11 Comparative analysis of teaching effectiveness in Cell Biology
T Eidis T puyiieeia SEHGHE 55 PIE RS PIE #1E
Number Dimension Item Control group  Experimental group  #-test P-value y’test P-value = Remarks
Al A SHL SR RS 4.62+0.57 4.48+0.69 0.140 0.271 TREES
A2 RG] SIS R 4.53+0.60 4.51+0.55 0.810 0.226 TRE LS
A3 A BRI 4.48+0.65 4.3420.70 0.160 0.396 TRERER
A4 ZIRHCARIC LR 4.5430.58 4.45+0.60 0.300 0.725 TREES
Bl HEEHEEHHH BEEHRSE  4.53£0.60 437+0.74 0.110 0.107 TREER
B2 FAPAAREK 4.53+0.62 4.42+0.62 0.230 0.298 TRERER
Cl PSIRAMCTVET RCABAEMG 4422061 4372066 0.5%0 0.610 A
2 HEWEGR IR 4.4120.78 4.34+0.69 0.520 0.023* AL
C3 HFEVR SBR AL 4.4440.60 4.44+0.64 1.000 0.626 PAtTE
c4 QAR T 4.48+0.64 4.47+0.54 0.910 0.259 ThREER
PRI P<0.05, R ANMERAE ZA I L RIE A FE S LR E R R
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Table 12 Implementation framework of the gradual Al integration teaching strategy

FfBx JA A FH 5 H b EUlIBiREY AT S5 5 AR 2541

Phase Period Al usage intensity  Objective Teacher’s role  Student tasks and Al application examples
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