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Abstract

Objective: To investigate the construction and practical effect of artificial intelligence (AI) combined
with virtual reality (VR) technology in the teaching of otolaryngology head and neck surgery. Meth-
ods: Two classes 0f 2022 clinical medicine undergraduate students of Southwest Medical University
were randomly selected as the research objects. The students of experimental group were taught
by Al and VR technology with lecture-based learning (LBL) and problem-based learning (PBL) teach-
ing methods, and the students of control group were taught by LBL with PBL teaching method. The
results of the questionnaire survey and the theoretical and clinical skills tests of the two groups
were analyzed and compared. The above teaching methods were further promoted and applied to
the students of 2023, and the evaluation was carried out in the same way. Results: The theoretical
examination scores, questionnaire survey conditions, and clinical basic skills operation assessment
of the experimental group students of 2022, 2023, and 2022 with 2023 were significantly better
than those of the control group. Conclusion: The application of Al combined with VR technology in
the teaching of otolaryngology head and neck surgery has a remarkable effect, which is worthy of
further promotion and application in the future teaching.
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1. 5]

H &1L AN — T IRR SR SR, Z¥RAA R T2, BRI Z N/ NIRRT
JEs A S A T R A R X, e DABR O 55 IR R, BUFAERE R[] [2] B G B2 2 BUP R AT R 2
X A AR I 2 ) B A AR ORI PR R A e 70 ) BRI ER &, B 40 1) DAAZ IR v ik fii (Lecture-based learning,
LBL) A1 LA [a) @ Ay FE it (Problem-based learning, PBL) 22 5k BUAR BEMSER Jm AR B 80, IR EH
FRI BRI B R F1[2]-[8], (EAUKEE SC IR R Wi s B v s, AR T = 4E S AR 1) R
i) B 5T 1) R A R R AR AR AR TETRIRZ TR, oV s A 1 L BRAR R B U MG R B 4k 1E N —
I s BEOR, N L& fE(Artificial intelligence, Al — 185 Z %R HTR B GER %, ERINHHES) T
PR FRSHEL AR ek, AL GE R 1) R RSB (3% 73 [9]-[11] . 1M M 4B (Virtual reality, VR)BAR & —
TG SRR TV (S BOR[12]-[14], B RERAL L SEIG R 5, IIZRIFFE mii Ve iR . 450023 |) )
AL, R AL BOREE G R T RO rhod B A S5 A B2 I ME R, S e B AR I 2 ST B fR BE 70 . A
R ALECS VR B0RS LBL F1 PBL ik 4 &, JF 5164t LBL Bk PBL UMkt AT LLEL, B1E
R AL BRE VR FERALE B B Sk 350 7R 57 2505 v R R e 5 S B 10 1 F 80R

2. BERE G
2.1, —iREE
A 70 TG BT EE R A2 2022 GG PRIE 2l 2 ASFATHEL P B HUAHER 40 4452V AT %0 %

ik
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BB 22 E AR BN L 28 Se SR e HE AL, A4 20 N, R85 Wi, W22 iR i
e KRBT 13 N, WET N, Fik(19~22 %), MRATAE 11N, w9 N, Fik(18~22 %),

[FVEBEHLIE R 2023 R IR 2 AR 2 DNE B AR NAR T H BUETEHE R 5, FIREK 5
A B BE ML GRS 20 (20 N)FIXTRZH(20 N), HrpseiGsa B4 10 A, ZE 10 A, H#%(18~20
By, WEHTEA 11N, LB 9N, FERR(19~20 %), WA EETER] . RO 1) KRl RS RS T
FeAs 2 R i 24 m (P > 0.05), A .

NFRE: O NPUEERIKS 2022 8 2023 I IREE 25 b 4 AR A RHER 34, @ IEXi%E
AT TRIE(H S k3R ), JERES SRR ® RS 5%/ 5 LA E(>83%)HH]
), URIETTRCR AT VRAG . HERRArdE: © BUEMAIMSE >2 Ik, RGBT T @ 1F
RFFETFURHT O R G2 2] 1 VR M 8325 [F) 28 AL+ VR #85l; G fAE ™ E R LRI
ERRAG . U SRS AT R VR IR F AT @ REMIAR B BB 4.

22. MIRF*

SEIGAH K AL BES VR HR 5 LBL 1 PBL #UHEMAE &, WHRALR LS LBL BES PBL #0%7
%5, HF— % mPERARBOT S F A AT B, — BRI PR B DL A R 2 N 2, R () B 42
AR 1 IREE, BHR 3R, FE6 K.

2.2.1. LW BKARSE

WATFT AR VR IFCEERTEN S, BN G RS, iEARTTHENT G RGHHMTEY] . #
IHFZ R BR AL St LBL F1 PBL #E s iEFZ 4h, il Al 83AIE ST VR 5 R4, SEILZ Fh-F & fl 2
FEEANL. BEETHL. LEKZE. FETFEN VR IRBIRIER:.

LBL BBt #UMfe s SH8E= 2, FB M VR MEIF AT S 48R, A MK VR %4
SUURAMER . I B LT =T, BRI S 2 AR R BT, KL 1.5 220

PBL BYBL: A NTEI) VR IR S, 7R R AOUE 2 Sk 2 o s A AR X . LRI B 151
FHEMRTIAR S, R E ST IR SR WE Al S EIE T2 AT N, e AR Al S R
Ho AT VR KRS Al R, B PBL ZEIEFFTHE, M2 R gomsm, Hieyrg
Wo BUTIRIE RG0)5 & HARATERE VP HEPY BRI “ i 2% (Learning by Doing)” , B £y 1.5 %%
i

222 RBAEHARSZE

PERHUM R A4 LBL Al PBL #E0H2, @it PPT #IREE S 2 kshm ., B, BG. #HAE. %
W25 (A% Ge 20 T AT R IR AR 1), SRR T IHE, ZOMk T B 5e MAE I, BEL K
Il

LBL MrBt: #MAE 2GR =T RGP VHZ, WA EE A 280 R 45 0. ThRER &R
IR 5. KA PPT. . SeiRbr A sk EREs B b, smiAzniRAR R0 5e Bt 588, K215
=4I

PBL BB 2#2EDL 5~6 N/ 4Hitie, HSeB0Mm Hs FlG R R0 IR 7. FAEREZITS ST,
HEERTE. s g ocmt. B EEIFLHRE . ZUTEEKEES, &S5k, (it i
g e, WKL) 1.5 220,

2.3. BASTEM
Al + VR #E RGP 8 BB (T VR k. ENLBMR), FFEBE TS 6 45/
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LR
HOHLZ 4 /NS S R BRI AT A7 48 S22 AR B e, BRIl N B A RS S50 AR50 5 5 WAL B,
7 8 JEEEE AT, AURA 1 IREAER, BEARN R, R BRI .

2.4, FEFMH
P2 A R B PR T i

2.4.1. FEEMR
SiE M NEEE N A ST RE R U H DO SR R R AR AT B, i AL ERIFSE T
LRI, W AT A Xt A X 8 55 2 AT I I AP FE A B A A AR

2.4.2. BT
M3 EE G R BE MLl R il BB H . ses 4150 IR A 2 A R AR R B, DLV Al ol 2R 18 50
W EREREE, Wi Al g4

24.3. EHFE

RATACH Ty AT R B, P TR ALA X T AT BRI R, DR A>T B
T R SR R R FL R E BATAY, UM A B T PR e s AL S A 2 . 2 BB E R,
i ALERPER EIR 2 AT GE

2.4.4. BPHNAE

EFXFIRRYE M s WA W ARG WOt H , BRI, i AL BRSPS AR g
WHRESHHT ST .
245, IGRRAFEERIEER

F AN EIE BB AR R R R, I AR VA TR PR 2 W P R N A OISR AE R
YT E PR ) B =7 . AR PR, IR A R N 4 NS, <60 43 NRIE TR
FriE; 60~79 /3 NHEIE THARRAE; 80~89 73 (R UF) NIABITHAARHE; >90 43-(ThF5) il i T sAR #E o
25. #-MA

TRAE 2022 i PR S 4 AR T HUF RORATAN 65 5, 3B ol A 20077, 08 k¥ Jr
EHES N T 2023 2Rl PR B2 2 AR A BEN LR ) 2 DNUER A BT, BENEIT B ROV .
2.6. TEBIESZ M

SEIGAH 2R 2R ST R R AL + VR TS Baid sk, BREERESE IR KL KA R, SIRH K
TR W 2 0 90 3l bR AL M BE R 0 5 . AR IR E X (R AR Re B ETe ) WA
DU 1) TEWEREEM; 2) REPIREN; 3) BIETFEAY; 4) BB . AR K IR
FRUR 5T EE ), Ja SR INIEIR S 5 B AT 5% .

A, BAWE R EERES Y EA RN, BT KA VR MEANE .
2.7. GiES R

AR LB KR RSN E A Rte ks, BEEIMNR. S o, e SOR i s B A G R A+
REARAEE R IR E LS )R, FTE it RIE BB ISR BT E o (1] SPSS BB 47 Hedls ab B, 8% R &
ESSAH(XE8)EKR, AFEFHHFPNEAY AR, AN BRI FEAR t 8568 Mann-
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Whitney U %6 ; THEUBTRI BLR RIS, SRAIR 5 BRRAIAS 38 0] i) 5 1 B 4 SR kAT 704, DL P <0.05 v 225

AETHFE L.

YT RANGERIRARITE 2022 9. 2023 28 J% 2022 & + 2023 A FEREAR R T = IR LL s, s
il 2 B L T R BB — R IR A, XA R TR T = IR ELBCR A Bonferroni /2 1E, K IE S5 W& 1
KFPREN a=0.0167, FELLAE KRN K Cohen’s d #or, AESEUGL N B r (HE£R, FH
A 4 25 2H [R) 24048 Z= B P A B 2= 1 95% E 15 [X [8](95% Cl). LAKZIE )G P < 0.0167 NZER AG G223 L.

3. &R

3.1 FAFEN—REREER

TPl bEEE 2022 9. 2023 % 2022 i + 2023 SR AR IR A A AN H . R SRR R DL

g5 R RoR A IR) ZE R B e gt it (P > 0.05), WLk 1.

Table 1. Comparison of baseline characteristics between experimental and control groups among students of grade 2022, 2023,

and combined 2022 + 2023

5% 1.2022 % 2023 2%\ 2022 + 2023 LSS LA FNNTBRLE F 4 H— AR BRI EE AR

SR X R4 t/2/* {8 P1E

N 20 20 — —
B 13 (65%) B 11 (55%)

2022 % 1) 72=0.417 0.519
4. 7 (35%) ;9 (45%)

R 20 (20, 21) 20 (20, 21) 7=-0.189 0.850

N 20 20 — —
B 10 (50%) B 11 (55%)

2023 2% 51 2% =0.100 0.752
4: 10 (50%) ;9 (45%)

WS 19 (19, 20) 19 (19, 20) z=-0.111 0.912

N 40 40 — —
B 23 (57.5%) B 22 (55%)

2022 %% + 2023 % 4531 22 =0.051 0.822
;17 (42.5%) 4: 18 (45%)

e 20 (19, 20) 20 (19, 20) 7=-0.041 0.967

3.2. BEEE

XF 2022 4% 2023 4. 2022 % + 2023 L S L AT IE ZEL (4 B R G ST LA, R BN 2022 sk
56 2H F.457(18.55 + 1.10) B & =y X iR 4H.(17.35 + 1.27), 3{H %N 1.20 43(95% Cl: 0.44~1.96, P = 0.003, d =

1.01); 2023 2K U0 2H K457 (17.15 + 1.53) [ = T4
P <0.001,d=2.05); X 2022 % +2023 KLt ohr, 45 FWon UG H pRigi(17.85 + 1.49) /= T Xt

A

2H(14.10 + 1.45), ¥J{E 2R 3.05 43(95% Cl: 2.10~4.00,

M ZH (15.73

+1.12), HMEZEN 2.12 43(95% Cl: 1.31~2.94, P <0.001,d = 1.60). £ Bonferroni & 1E 5 2 F 4l BB it 2

= (P < 0.0167).
3.3. Bt

Xt 2022 2% 2023 2. 2022 Z + 2023 2 S0 AL AT HEZH ) B e g IEAT T, 153X = 416
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H S N 16.90 £2.29. 16.40 +1.98. 16.65 +2.13, Tixt HEZH il &%t 43 75 v 15.00 +£2.29. 14.50 + 2.14,
14.75+2.20, SEIGAHAIIRLE S B T XS A2 . %o SEUG2H AT BRZH 1 2 gt — 0 el oy, R 2022
HIMEZ N 1.90 53(95% Cl: 0.43~3.37, P = 0.013,d = 0.83); 2023 Z4{E 2 M 1.90 43(95% Cl: 0.08~2.92, P
=0.039,d=0.92); 2022 2 +2023 ¥ %) 1.90 53(95% Cl: 0.01~2.49, P =0.04,d =0.88), £ Bonferroni
R Ji5 6 4 s 22 1 BAA ik 22 5 (P < 0.0167).

34. BEYRHERE

A TR B 9w 0 G A AR AL+ VR BEEEE R, a8 10 M&H, B “9WE” i1
Iy, R 09, BTEEN 0~10 4y, X 2022 2. 2023 . 2022 % + 2023 S 4RI IR AH
(A3 7 B R BEAT 20 M, SEER LIR30 N 9.75 £ 0.44, 9.8+0.41. 9.78+0.42, SXIE4 6.45+1.43.
6.25+1.12, 6.35+1.27 fHlL, B3ETHE(P <0.05). X SLI62H A 2 1945 03— 20 th i #r, R B 2022
RIE 7N 3.30 43(95% Cl: 2.61~3.99, P < 0.001, d = 3.12); 2023 2 351H 2K 3.55 43(95% Cl: 3.00~4.10, P
<0.001,d=4.21); 2022 %% + 2023 £ ¥1E %N 3.43 43(95% Cl: 3.00~3.85, P <0.001, d = 3.63), £ Bonferroni
W IE JG 22 AN A Gt 25 (P < 0.0167).

UbAh, & 2% B R FE IR = T R (R 2), PR iR BUE A 2 AN T TR =AW o BdE B
N, MRS YE B N IEAMEA 2 T BT, Rt F A IRy, WA iR 2 5 A
PR IR L
Table 2. Comparison of satisfaction with teaching effectiveness between experimental and control groups among students of

grade 2022, 2023, and combined 2022 + 2023 [Satisfied n (%)]
7 2.2022 4§, 2023 f. 2022 + 2023 KLY AT BB F 4 B E YR BEE LR BEEAR(F)]

2022 4% 2023 % 2022 4 +2023 %%

SEEGH WHRAH 2 PMH O SiIRd xTERA AH P e WA A2E P
#EIT R (géf@ (6153@ 3.906 0.048 (1028%) (Gé;)) 6.234 0.013 (97372%) (6%% 13.867 0.000
ELei (9}.;;)) (6%_3@ 3.906 0.048 (9&) (6]5.:3/0) 3.906 0.048 (g?g;)) (625% 11.250 0.001
T o e O 002 ity iy 402 007 iny (o7 15062 0000
?é;%ﬁ}; (158%) (6%)3/0) 7,656 0.006 (9%.)?/0) (e 8533 0.003 (973.’2%) (572;’%) 16129 0.000
T e e S° 0 @mo oy S0 008 (G ity 12624 0000
?ﬁ;ﬁ;ﬁ@ (158%) (7%);)) 4902 0.027 (153%) (6%)3/0) 7.656 0.006 (133%) (62(05/0) 16.970 0.000
T aive qmo S92 00T @iy g 906 008 (7o (o7 12469 000
"E’f;iéﬁ (158%) (Géfj”/o) 6234 0013 (158%) (6%)@)) 7,656 0.006 (1(?8%) (622_2%) 16,082 0.000
éﬂ;ﬁé G5 (6o 306 0048 o ono 42 ooer oS Bl 12468 0000
mgﬁé (951;;)) (651;@ 3906 0.048 (1028%) (5%%/0) 9.176  0.002 (97?.’2%) (6%2"/0) 16.807 0.000
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3.5. EBIRHENRE#

2022 % 2023 %1 2022 2 + 2023 L SL 4 2 AL PR J1R A% S 43 il 93.65 + 2,37, 92,05+ 2.58.
92.85+2.58, 1% HE ZH S A4 BB KR 5 4% A4 43 7 87.95+£2.98. 86.70 £5.74, 87.33+4.56. X556 4H
Rt BZH A BES R EAZ A5 AT L, R 2022 i34 %8 5.70 43(95% ClI: 3.97~7.43, P < 0.001, d =
2.12); 2023 ZI1H 755 5.35 43(95% Cl: 2.46~8.24, P =0.001, d = 1.20); 2022 2% + 2023 Z¥){ti %4 5.52
43(95% CI: 3.87~7.17, P < 0.001, d = 1.49). SEIGZH s & X 4L, £ Bonferroni & 1E 5 2 7 H A
it X (P <0.0167), £ Al A VR BT W AIHT e 42 5 A BR FR I 22 ST Re 7, iR
Ao BV SR ) AR FE T

3.6. IEAREARRKBERIEERZ

Xof SE 56 ZH AN HEZH R I PR AR B RE R A B A% 5 AT RR AR 56, RIS 2H R4 S BA B 222 T
FHEET XA, H Bonferroni &2 1E )5 % 7A Gt % & X (P < 0.0167), W% 3.

Table 3. Comparison of basic clinical skill performance scores between experimental and control groups across grade 2022,
2023, and 2022 + 2023 cohorts [n (%)]

£23.2022 2%, 2023 £%. 2022 £ + 2023 £&SEEG4A St EBLA A AUl R B AR AEIRMEE LB (%)]
RIKTH Ty

i 0,
o e R 47 75 Z{ P r{i(95% Cl)
I 1(5% 2 (10% 8 (40% 9 (45%
2022 % - (5%) (10%) (40%) (45%) —2.646 0.008 0.42
KR4 3(15%) 6(30%) 9 (45%) 2 (10%) (0.12, 0.65)
I 1(5% 3(15%) 10 (50% 6 (30%
2023 % - (5%) (15%) (50%) (30%) —2.577 0.010 0.41
SR 3(15%) 8 (40%) 8 (40%) 1 (5%) (0.11,0.64)
SIS 2(5%)  5(12.5%) 18 (45%) 15 (37.5%
2022 %% + 2023 % - (5%) ( ) (45%) ( ) -3.686 0.000 0.41
SR 6(15%) 14 (35%) 17 (42.5) 3 (7.5%) (0.23,0.58)

37. IR BERESRIER O
SR A T ORI PR 2 A R BTON, JRAXE PL5% £ 1 W PR R e Y RS AT 7
RYMT. W 475, SRAUEL TR R AR 1% % B (ETXHBALP < 0.05).

Table 4. Comparison of error type distributions between the two groups [n (%)]
4. MAFEREEREBIHER (%)]

2022 % 2023 % 2022 % + 2023 %%
SEEGAH WHHRZE AME PAE sEIOdH MR AME PIH O LW XA AE PHE
%f}éﬁ (25‘%) (43%) 1905 0.168 (153%) (43%) 3135  0.077 (17_75%) (4%)% 4943 0.026
%gg% (162%) (43%) 4800  0.028 (5%/0) (53&)) 10157 0.001 (7;%) (4%)?/0) 14528 0.000
ﬁ;ﬁz& (25‘%) (459%) 2849 0,091 (153%) (5%)&)) 5584  0.018 (17_75%) (471.2%) 8/205  0.004
&ii@ (5%@ (483%) — 0020 (102%) (52%/0) 9.231  0.002 (7;’%) (471_2%) 16.050  0.000

TE: B “RISAEBIER” AT 2022 RAAFAEIIEAE <5, KM Fisher Kk HAKM 2 R%.
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4. ¥1ig

L2 WA e S S AR 2t — T DA B R (R 2R, DR A 5 M 1 5 e PR AL PR R, A7 3
A S AR BRI R B Z IR[15] [16]. HESRZUMRAH LBL 1 PBL #U2E 7 A BRI 2 5 BB KRS
JOLIE B IR (i, (BTSSR e IR, 224 VR S B AR R I 5 2 5. 1 AL BCS VR HiRwT
UL YEE A, KE TR R, BEA R T 2 00X i S R U, SCRENRE AR ST A AR 454 BV ST A
JEBLGS A, AR d TR, BRI T RAE MR RO, IR R S0, R
Xof H S MR G Sk MR 1R 5 2] M4R[17]-[21] 0 ASHFFEH 2022 2 U R JGHET RIF ¥ 2023 2% DL K AN 42
HAEBEASZIR (AL + VR FORERA £ 48 LBL F1 PBL) #2555 IR ZH(LBL A1 PBL) #0277 A L,
AT A SO S A 2 ST D, R AR SRR ORI EMERE 1% G TR A BN SR A A
M ARTR RSO, ZUFWE Y m T IR AR, oo, B REZR 3 RERI
b, 2022 9. 2023 4%, 2022 2% + 2023 2% Al BKA VR BUF AR 2 A PR G A 4 10 BRI AL G2 20
., [F] IS S B6 2 AE I PR 2 e 78 1% v 1) 22 T v XSG i 1 R AR (IR T R A SR AL+ VR BRI G 15 48 LBL
HPBL #UFTEA R T 22 A BR AR R B 5 4R, RORHMUR 2 AR I 2 08 e, I R4 s AR 2L
R

Ah, Al 5 VR MEEE, FIR AL KEHE AR 7 3 R G0 mT DAy 2 AR B A 8 1R R 461 DA R 3ot
AFEIE ORISR, F B R TR R e, P2 2 AR IR0, R Dy A AR A 5 % P S8 s 451 1
ARG, AR MIIGT S, BT E A MR e F AR EAERE J1[22]-[25] AHFFLLESN HAE 5
PIBCH R B R4 B B A 5 0, SEIG2H PRI 4 T 0P HE A, R AL S VR ARG FI THE s A4 1)
BN TFRE ST, Bk T AR R B .

Zi b, ALES VR BORTE B SR Sk 25051} 27 3505 v R 2 5 S A R 1 B S M Sk B MR (R
B, RERE NSRS R R ) SRR K R AR B, RIS AR, B AE R, T
FMSLff e ie) ) RE T, AR w2 AR SR BB Fie 77 . DRG, AL BES VR BOREXS LBL #1 PBL %K
RSB AR TE A 5 H S 0 Sk SR (R B ik — D4 A

B
B BT 25 A 72 1 5 A R U
EemB
7 R PR R K 2 20E B OO L 0 H (JG2023yb111), 7 e IR BE K S AT AR BUE 0 e I H
(YJG202239).
SE 3k

[1] =%, &k, AAE, & IGFRWETHE RS PBL #Usat sU7E B S ik Sk S ARl 4 0% o B A B 5 S R D).
U R 45 A LR RL R K, 2020, 28(2): 154-156.

[21 BRE, T8k, TR 25 SEREE 2R H SRR R ] B B4k SR = HE, 2021, 13(17):
12-15.

[8] 818, RAR, TR, 2 & F#eE T PBL + CBL #a#ihfe HE WA R 2 th R [0]. o e S
HHE, 2023(10): 119-121

[4] ZITP, s, FH, %, “LBL + PBL + CBL” —HLBALE B A MR 2 P i R[], P E kSR %4 F,
2021, 13(8): 11-14.

[6] WER, WA, A, 5. BOIFCHERRE A RS A FOE A H R Sk R B B R R D). R4
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