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Abstract

Artificial intelligence (Al) is becoming a key driver of innovation in pathology education. This article
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reviews the current applications of digital pathology and virtual microscopy, immersive virtual and
augmented reality (VR/AR), computational pathology with explainable Al, and large language mod-
els (LLMs) in pathology teaching, together with emerging requirements for data security and quality
assurance. These technologies help overcome constraints related to slide resources, time and space,
enhance students’ abilities in morphological recognition and mechanism understanding, and sup-
port personalized learning as well as formative assessment. Building on this, we propose an Al-en-
hanced pathology curriculum framework that integrates basic, advanced and extended training
modules, promotes the deep integration of VR/AR and virtual microscopy into classroom teaching,
and develops a multidimensional assessment system combining process-, competence- and innova-
tion-oriented evaluations. We further advocate the construction of interdisciplinary teaching teams
involving experts in pathology, artificial intelligence, computer science and education to foster col-
laborative curriculum design. At the same time, the article highlights major challenges, including
mismatches between educational needs and existing clinical Al tools, unequal access to digital in-
frastructure, ethical and privacy concerns, and the transformation of teachers’ roles. Continuous
efforts in policy support, resource sharing and faculty development are required to achieve respon-
sible and in-depth integration of Al into pathology education and to facilitate a shift from knowledge
transmission to competency-based training.
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1. SIS AT E6ERR

N T#Be(Artificial Intelligence, ANVE T —RRHE B 5B E SCEMEEHED) ), IEEIED SRR
ZHHMES S AR OEREYE S WES] . BRES LUK VRIAR Z5[1], AIsesixt
A5 B R AR TR SR s U s . FEBR R U, AL RIS A B AR RS AESR I, 4 Ae iR
REREAMT B IS S 7 SR S (2]

o PR B R 5 G R R RO, NS JOR BT 28 2 AR i A R R I B A ML,
AR EE, RABFERERB A 52 RME, Ll ThRASE . WA SRENK, 24Em
NS SBMRAEESR . Al SINGES SR AL Sl & U1 BE U I 5 00T 5 BEAL BRI A
FARIO SR, MR B8 - B2 - R MRS, ST nm] Je ke 5 — 30 (3] [4]. 7R T,
L] 75 U8 S B 2R A% O U 25 B ARG RTEE R, FIH Al M IREES W  RATEh 7=X, JF T &l wT i
U S R ], O AEASIRANIR I (1 B

2. Al EREBZFHF PN A SHRIRK
2.1. BFREBSEIMEHR(Whole Slide Imaging/Virtual Microscopy, WSI/VM)

LR RSNV R G, AR RST I R4, BRI REHUBOR . i/ AR
AEADORIESR & 1 U1 SRS e S B AL, WAE T ek LR & (3, JFH g —8E 53
I AR SE Ze WL % [5] [6] 0 [ P9 BR800 S B th R ], AU AT By T 3R T UR 8 003 o o e i (A
BEREIEM L PRAL ) [7] [8].
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2.2. MERKR(EMINE 514580 SE (Virtual/Augmented Reality, VR/AR)ER) 5B & L

VR/AR A DA —4E D) 7 1 Ja i = R A S5 M AR i A i A L 2 B ok . 2T S RO, 3
VR/AR S5¥7 U1 R R R & (e, RER R R A RN S BRI, JUHE & Hi R
B, AP BERE . BN ARG RAEF 2 B AN LR i8] [9].

2.3. IHHEREB ST Al (Explainable Al, XAl)

WA 2 Z A TRE BRI 2 E . 2 RS HE T Bl & TR k(i &), aTULE S 2
R “ORPE TR, JF S MUREARAE— 0, WAL CUEREE T ROR, AR RO RO
JELPR) o [ Bt 75 7 30 0 S s SR AN s B BE e A AN A2 St 72 S B R A S IR R RE M 45 [10] [14]

2.4, KiIBSHH (Large Language Models, LLMs)5EZ/FEHHE

LLMs Kif & BB AT/ “ BB #C” , T MRS BE. ROIE TR SR BN 27 2] AR N [12]
[13]. (HERTREH L “9mid ” Bigs AN AW, B N TR IR R EN i, E B
A A AL FRBT SRR BRASEE,  [FI SRS B B AL A HUR T N T3 [14] [15].

25 MBERERE

e O ATAR R PR T b 5 N R RS, VARSI NECTREL S AL R T BRI A RLEDR,
o dE: AR, BRI TG iR L A B EH S AR B IR[16]. BERAESEPRAERET, B [F]2D
SRR S BOTE I, ORBE 22 4 5 B TE .

26. FRESERLREE

RARRE, AR L2 Al BORFERBEZZCE R A, HE3) 1 SRR By SOMIR B LA AR 5, (A3
B FAEZAFEAE “ TRSN” MBEIRBERRSEZMm. —J7i, AOStEEARRE /N, RIFER—, BT
R, PR TR bR R B R . B VPRE VB RIRF ISt S W ek R . IR B E BE ) DA SR
RS KRR REARR[LT]: A—J7 T, O Famid “ 5 — Al THARTF 72| “ife T
WEAER” , MR RBH ) B RG22 R, BEHEShRER R, #UNf S TERHEEAET
BRI, X “LREFEER” BE “BERABEAE” 18R = AT B[2]-[4] [8].

MEIPREIE, —HEA MNP O3 Al R R R IR A R . Billn, 6350 2 Bk 4
YIRS Al IS GEA N RANSLIR S, TR 2% ) B bR HESE b R 5 3 < 0T 58 OB A& AR
“HEFE Al BB 52 BURBRHER — S5 A 80 “TEMRE P XM AHIWE AL, sl g 4k
IEAEF A R “RVFER AL BS54 T B A AR FTUL[5] [6] [18]. BRIN B 5 K22
BE AR FE [ R BB R BT S A 2 Bl e, o Al AHSERETLL “Btae 71t IR B T AR 2
RS R E R, UHEMSP AR TR AL TIMEZE, RS8R /1[19].

52 M, BN EEEE AL ST B “ R el ” MR aila” A, iR
Wik VPR AEREE . 2 O B RN i B R B 55 2 AT A ST 25 (R [20] o IR BN 5 SR AU LN “ 1) 26
Al BB A7 ) “TEEREIR LSS M SIREEMELE R, ik Al BIERRS TR RIE” , HFEAR LIESE
NIRRT EH] AT I SE R A

3. ALEHREMNAER TREFIHMBAFENZ
3.1. RIFEMIISEH ARSI BE
VRIAR HRRESS SRR IL ) Fr o 545 19 = i Fy e 1 ELRL AT RIS 6 5 8 B 0L 2
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ARG, AR DIRBIN 2 R, EWSEMAHEARA, RIS ZEIRBEETT. FR, VR S ATEIR
TR R SR BN, # B R PR B AR A R 2%, IRAME SRS UL ORI 2 [9] [21]. 41
AOAE T RER B2 B h SN RIS &, MR “HEANt - SR4ElRG - B4 =4EsAdy s, ik
PR READ A 8] RO SR R IR P T A BT AL B B AT REAL R S5 M EE AR R, AT S5k D7)yl DL S T
PRI 5 LT A ) JR) PR AZE -

32. 193 “ATEEE + REE” ARLREERER

g B R 2 IR R HERIDN T, = RGUMESANETE[4]. 72 Al BORINFE N, A2l
CNLABE + IR ORI BRI IR R, (Al 557 2] BARFIRE 1 G5 A AH LG, T =l fif 5 < B 5
FERAREZ Eo

FEREARNELZE b, DRERAE 20 0 = AR AR I 0 [ AR, 455 RE UL GO Rl AL A B 1551
B, R R BN ) SR S SR 5 RS RS, Gl AL HBIARE 5 BN S BT LS R g1k
SR EMBEA S RGBS, SIATHEIRELL XAl BRI BB o, 513
£ P - AR - R EL - L AR AR, UIGRIER B4R 5 E RS Wi ) thRET N i
P BHIZREER G52 2], A MBI A R SR R S B R BT 6 L TR IR AN B AR A R
bl s, BSOS 5SS AR, B R RS B T SR LT 1R R e

PL“HFErdefeist e 5 T REAL TR A5 22 PR 7 BN, BRSNS vl S8 “ FniR 5B AR - Hore s B -
Al RIFEERE” ZRAMRIT: 1ERVZE T B 40 SRR R . B B RS A R 38 s (ERLRE 2
T EER AR WS T & BG5S BT L) (0 3 5 4, JF L “IEdate” RaUipe i ahie; /£
Al ZFFZ IR X N NFIW S AR, 08 Al B3l EILF4E8e . A4 S8 L% 5iEHid
Fro MREIRRATIS] . REARFNRIG RIEBPE WSI P&, VRIAR BHEAN LLM % T H S0 R kT,
TR “SE 2] bR - #UATES) - BORSOR” =% — S s ieit, O “ANTREE + WEs” SREER R W
VAR P AT B RE

3.3 EEERITENIEG, RABFHRORA

76 ALIRESR, ARG — P55 3R OO DL 4T I s AR 2 S i . N R 4y 2 RFE H ks, WS
ZAAVCEC 2 TC IR R, 78 2B A7 “Bas” 5 “IBAVE” Z IR NAE— k.

PR R TN EANERE BT — R EFEEVRYY, I 5 211 & i s 32 A 1 5 2 BUZE (W 8 Sk K WS
N SFRET A RIS 5E), S6RISFATS SRR, TERR Y IS 5 2 R 456
E1g; RNV, 8T ALEBIRIY) A B T S SR AT S, H B SRR A
Berbiz AR B UL i B e T . BIAndE “ ARt e S AL A A i, m ik B R AL A
“#% Ef§i ] Al” ) OSCE (Objective Structured Clinical Examinatio, 2 45 k) Ak I PR 2% 430) 1) Fr i A0
CHRVFEH AL AL EIR G HTAESS, POATR AT S N AR I, DAV S W RE ) 5 A 22
SR AL IRETT: = RAFT R, AR R BT G H FIRRIE . B RHREE Al TR
SO RS T UG AL, SR HAE 2 A NS BRI 5 N AT 01T 250

TEEAREAE b, Ares HoRJE AU E 51, W T REEVEANY 30%, BEJJPEVENY 50%, BIFTTETEM 20%.
FEVEfabrr, BEOGIE “Re IEARRAOCH A RHE” “Re S e BAER 7 , ki “ Re S iEMTAnTE
Al B#WEANNAIBA R “Rem &3t AL PTREHAS AT 7 28, JFRE LTI “Al =377 45,
HELEEAENT Al TS S A5 B S RN DA R BRFARI AR B, B IR B BRI B AS #i .
I IXFE ) 2 To N Bt A R EIESCEE ALIRARE T B 22 B0 i “ 5 R e am) 7 E ) “ R - BB - BRIR

DOI: 10.12677/ae.2026.161046 340 HHHRE


https://doi.org/10.12677/ae.2026.161046

R 5

34. SIHMIEE S TR SIFARIEFEF AN

Al 5P R R &, T BB AR BIRA SRR o B B AN F i B2 HUM AL B, IE TR
THRRE. HEHURY . A FHEIURT K, JEFELTIE “B + Me” MErAAES. [N, S E0n
I B RS E A AN, R AL TRAEAIRE Sy, BT R E AR + NI + #A
FITRT NRHIE R G BT RIRA -

4. NIEREEREFHF P EIGH E)-

RN T R AE B S 0 o R AT 5, B IREE s 2 Bk 4]

BRGNS HASHEAE MRS EHS, A AT B L LIRS WS B AR, 85
B, 4 S TS TR SEPERE PR AT, TR TE R “RE AL (25 ST B, SR BE R R L T AR Ik A
SR AFERE ST . T A BT B K A R 5 R B A, 5 BN R v
FRIE ARG STALEIR, HETTHT <8 - B - e MHCETIE, TN EIE S,

BRI R R T B A A . R SRR, SRR ST AT
R “FIILT RIER, A LA TS N B G5 1 1 e B 5 5T IR

T S RN R RSP LS TR MR S BRI, e P 8 P 5 R B L AR 7 5
BT BUSEY S I P A6 50 JE R BB U S A AR BRI B . A
R Al — B AL SR ER T, i 7 W S S URE DA S AR L 0 A A LA B S B
BN SRR | TSR A A YE R4S o AR A A TR H 1 P S

BT A R Al ST HE R R R, RS BRI A Y ., AR “HiRfkiz
H I SITISE T B, O G AR IR T B PR
5. &5

ANTHERER SN AT ZAFEN TR 5 R @A EW 2, BL AT +
WL MO R FRIE R R 22005 AU R DL S SR [ BT BA R 1, o 3 5 e s 5
BUN “RUUEERZ” 1) “RETTHEIR " HIHEA . ARSCAEAREE Al TERR B 7 40 o o B TR A S IS IR S5 Y
BRI, SRR AR R BT B RIS 2 o0 RO L I S B A, DAY
AR B T AR S % o

SR, EIESSIZ — HAR, 7 R SR, CHA M AR 2 Bk fEAOR T AR, —
J3 T NEAE SERFEAANZ s UM R L, RREARPIURT IR SRR . W AR AL TR DU MR R I 2
EVPOHEAR RIS S HTHESE, 38 4 LA T SR e — S R dss 53— T, i EAE B RIEUR
JR A e B R 2 2 SRR R LS, BRI S IRACE, SUhBUTM “ BRI #” 20
BURy 5 AR M AU R 51587 o GBI FR AR SBORUEACHL AL, N A R AT SR 5 5 o
BAFTERAE, T NA S IFRBANR R “Fniese” W /il - iy - I — Rz,
E&WH

1) wRE R TRSE A A 1 FL (20240xtd063) -

2) HRAFRETRIE: WHEY “Al+ #FH” R4 (2024aijy151).

SE 3K
[ %8 ATEAHORER AU RS T TF SR, I e 5, 2023, 30(6): 54-56
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