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R Z BAFTEE — MR EOC R, TEAS [R5
ET, RSt s AR RY Jr 284k, T7E ROC 14k
FRXF AR 2 BB TR B P I S R AL o AE SR B
oA, RN FE AN E, 75 ROC M4k FIZ
D BB R S AR AR e, T B AR S SE PR IE
HUYE .

1
9
o
7
- YA
w -
‘@%)‘3“
0 GIEES !

K1 AR R 21 TARRAE T2 (ROC)H 2 T #
TR (L PH 3O Bt 5 0 5 P (1R BH 23) 22 Al 1y L
o 2N BT AR (AUC)ZR 7 BT (1) 42 (R 1 e,
2o i e 1E AR U R 2 Xt B, AURBEARLAY
GrIERE ST, B2 2

H 74T AZ ) Shapley {H . Shapley {E
WA PR Z8 43 HiC 7] 8 (Shapley, 1953), WA B,
C = ANIERIZEWR—TTAE, R A SrBECR 4R, 2
TG RAG AT, WF L Shapley (143153 A 76
HA i broimk. R EETEITE: (G AS
St fefgse e TAER; B M C 5 A S1ERArfig s
B TAF #9825 B/C BN REHS 56 iU TAF &t B A1 C
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5 A SRR 5E U TAE S 22X B Fl C SRR 58 1L
B TAER . SRJE TR XS EUE R 3ME, B A %
M PR TTHR o Shapley {E L4 % & T 16 A & VEDK
KR, A Frign R g5, X A B9 bR ot ik vk
AT T A HRR AR IR, SOk Y
W& iR & B Shapley {E 1L, X 300 A2 & 7 Fin
B e AR DTRRAE R B2 174 (Ghorbani & Zou,
2019; Lundberg & Lee, 2017),

AT B AL 2 >, X 4% P A% e (G2 ) P
#)Shapley B F T3R8 280G ER RN, Hr,
“A. B. CPRI AN A B U0 AR &, i AR R AR
FEA TR R ) ST RR /DN, B R e o T AR
) Shapley R HXT B4 ASE Y T30 o A P 1) 52 B
BRTTR . AR — S AZ B 1) Shapley fH,
Shapley {H 1% R /N 8 326 L6 Fiil 1] 2% t 70 A5 750 v (19 4
X H B RN

3 LR 54500

31 ARSI
311 1EBEfTA

K2 EB/RT 2% 6 FHNEEARMES S
PR8I NECE 4y o B BRI UL, FEBEAT R i 2 AR
£ 3 ARG T B R RIS, e 4 AEHTT iR A X
TR . ARG AR (i 2 R 5%
), VEBAT R N Es RAR R, AT Zon B a4y
Bro G5RFH, RNEFEH/NFE R ROR A B
2E5(p < 0.001), Hirh 2 ARG VR i AR T oA
BAEH (2 EH vs 3 4EY: p = 0.002, B = 0.51, OR =
1.67, 95% CI = 1.21~2.29; 2 4E4% vs 4/5/6 4E4L: ps <
0.001, B = 0.70, 0.57, 0.87; OR = 2.01, 1.77, 2.39, 95%
CI = 1.46~2.75, 1.30~2.40, 1.77~3.22), fH3. 4. 5. 6
DO B] AR B3R G 25 57 (2.3 (ps > 0.05) .

50 _ kkk
f *kk 1
r |
kkk
40r ———
*k
X
M 30
£
e 20 -
S
10 -

4R 3MEH AMER SEH R

Bl 2 2~6 ARG A BAR A ATAEAEBA T AR 0 EE

& Tp<0.005, ""p < 0.001

312 1EEATAMFMEE

2 WoR T AW IRE TR A T AR A
SYYERBRHEZE . R AT, /N A Rz %
IBFETT” (M = 3.65)2AFMER ™ H 5 2R, HAR#SE
NEEWHEZ (M = 1.81, 5 3 fRFEF ML, p <
0.001), 5 blmlfsF, Attt 1) =2\ Sy J) B () 4 %o A
B B A7 PR (M = 2.13, 5 3 A, p < 0.001),
BEAR, /N A 8 3 A I R 25 2T, AR A A
HIPGEED (M = 3.28) /2 08/ VR BRI B oA B3R, <4b
N FIFEME (M = 2.01) 2 [FIFEARE B R R T AIE

R2 EETATMNEENHERSEITER

Item Mean  SD
Q2. JTR/TE M, 1~5
1. ZZIHPE 3.05  1.22
2. ZHZIMAET 3.65 131
3. ZACEHHIE T 324 125
4. ZACRHAET 336 1.30
5. 52 J 1 [ 2 (L 7 sl i 5 333 148
03. HFn] 121 1.81  1.12
04. [aJfE ] B2 213 1.17
5. FMEHACHE, 1~9
1. 3 B AS i 5T 0 2.89 145
2. EIHHEBAE L B A4l 288  1.36
3. DRI, AR iR 328  1.50

4. BINGREE, WAL ERE T A 247 0 1.39
AT N

5. BEARAE L AESE 212 139
6. &ML IE & 298  1.34
7. TS BAR LR A= ARG R R 288 1.42
8. FEKHLIF i AET 293 143
9. Al B A2 B M 2.84 145
Q6. [afEIES— 2 b 2.02  0.88
Q7. AN B ENTF 2.08  0.96
08. [AfEMEH— RN, 1~3
1. # Al AR FE L 201  1.05
2. AL P& R 191  1.04
3. A A S R 1.24 061

32 H|IEISH

T A M A [ AR dE N2 A VR A
AT SRy A LN 5L, B 5 ASCHE 00 A e A S [] A
R GRE] 100% M OB AN 2 2], B &
HEAMLER 22 2 S HT R B 1637, Ay ikl oy ir
iR, ABEGRAEM 4 FPLas 2 ) BRI T AT i 3k
fili b, B SR 4 PP TR A SRR AT AR A
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Y,
E

321 MMM SFFEIEERENFEIERKEIM
AUC H{ES

3 WIRT 4 FPHLAR 2= 2T FE 4 A B 1Y
100 MR AUC BYSAME, DASCER i > e dul o
) 100 D ARRI) AUC M, IR0, Xt
AUC H{E ¥ 8 2 5 FRHLKT-(50%, ps < 0.001), H:
o, SRR T Tk B e A TN R ) AUC SR E) T
80.46%, EMEIZFAIF 80.46% HE R AE % MR 15
/N2 R A 2 VR AR BT

F3 MAHBEIEERERFEINETEBHERIERR
FEAERY 100 MERIE) AUC (%) BB MR EE
95% ‘E 15 X [6]

A M%)  beERE
Lower Upper
bz TR 77.87 1.50 77.72 78.01
XGBoost 77.82 1.69 77.63 78.02
MLP 78.25 1.70 78.01 78.48
BEAL AR 79.47 0.95 79.28 79.66
R 80.46 0.80 80.30 80.62

3R T 4 PRSI LR o~ i By

A- P FIAB

B-XGBoost#:

59 100 MEEIRY HAK AUC (5. I TR, S
BT R SR BT B e A R R R S
(- PER), B TERFE RS T 4 PSRN
Piai, WG S0 3 A A DG T A B T Bk T AR 4
WK 3R 3 AR 2T R A AUC #5484 Cohen’s
d {8, Frf9 8y Cohen’s d ¥J{EN 1.214 (95% CI:
1.205~1.222), FHIZ T EITIRA 100 A Ee 2 1
S 14580 AR K (Cohen, 1988; Cohen’s d > 1.2 Bif 3

AN AE T R
322 HEMFIEMRFLEEPZETERN Shapley
BT

TEAEINA 2T v, SR B AR i A A TR
B TATAS HEAY Shapley H{H, XL 2
T 0 (ps < 0.05), RIFIAT PN AL & 5 2R A HAT .35
AIIBRDTHR o Kk Se P A2 B 45 I Shapley LAY R/
PEATHES, POV 7 33X 2 T A B AR v AR X
HENVEHER . BT 4 5128 T ORI TR I Y 21 P 5T
BROR T AE T 190 ERRIN ARG X828 5 ] i A1
X B ERORAFAE ORI 25 5% o ARG EE B ph e 2R
FRECRE X LE TN AL 73 A LA 4 44

C-MLP#:

— THROCHZ — THROCHI% —— FHROCHIZ
0 1 1 1 1 o 1 1 1 1 ] 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0 0.2 0.4 0.6 0.8 1.0
LS LSS RS
D-BEHLARAE E- vk

—— SFHROCHIZ
0 il L 1 L 1
04 06 08

RS

1.0

& 3

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

—— FHROCHIL

0.4 0.6 0.8

[ELEES

1.0

DU AN ) 305 B B iy >0 23 AR A 100 BTG AUC fH

http:// www.cnki.net
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K4 32 B E0 AL B AR BN AR LA BT I ) Shapley (B R H: 95% EAR X 1] o Herp<O e 7m 1 70 A2 1 X 45 SR AL B A7 A
o) A P A TR0 A o) 445 SR i S A 7 I [ T AR

55— /IR AR A B AR B A2 P (B 2
B, B T BEVER) . i N AR 7Y Shapley {H
IR 10.49%, 83 HXT AR Y 0 o A P Y S
PRiPRTTRE A 10.49%, FLXTREAS ¢ KE0 45 R BN,
1Z7Z w1 Shapley fH %% & T 3.83% (HEF%E =M
T 2% £ %5 W Shapley {8, ¢ = 23.88, df = 327, p <
0.001), W AEA A v iy 00 ) e A HL Gz & T O
AR

55 75 5 () Shapley {HITE 2%~4% M . B 5L
2[R B 1 3t 5k M, i WU AR 55 %) Shapley fEh
3.83%, %A% Y T v A 14 1 DT K T R A
PR 75 (vs 3.26%, t=1.98, df =327, p = 0.048), H:
U/ NE A [ B S A A B[R] 2 v BT Ak 9 RE X6 7K SF
(L it53) . ARSI A2, DL IR AEAR b
NN —FEEVEMAT A BB, X 3 DMAEE Y
Shapley i [H] A FA7E 3 14 26 5 (R RUE 2 DL 4, ¢
=0.57, 1.78, 1.23, dfs = 327, p = 0.57, 0.22, 0.08), H.
Ja PR A B AL R (= 0.21, p <0.001), B
AR N E AR AEBEA T R TR A Y, B
e, bR BN BAT S A AE i Y IE ] 5 AR
FH, B EFRDE i p S B 2 0 8O AT BE AR B, R A

VEBEAT g R A A5 A ol B0 %, MR 1 B Al
RETEME

O ARG Shapley (HITE 1%~2%H, 7R
R bR SRR AR /DN, AR B KA Shapley
{EH(1.75%) BEMLT 2.9% (t = —6.99, df = 327, p <
0.001), f4F: /N AEFTAMAER (6 FI 4 AFJ2EH 1
PEBEARE T 2 ARGk, OB ] 1 X AR BT
M EEZ FERE, [A) AR AR PV Ml B 025 583X — 1 i
A5 Ay V18 00 5 (JR R 380 110 AT 2 22 e /R v, VR iR 1
Al BEMERR ), /A X2 AL RRAE T L <5z A REE
PRI 27 2 AR 3k 3 iR BT Bl R 1) J5 SR ) ™
PP (A XS f5 SR i, AN T REAERE, » =
0.44, 0.34, 0.36, ps < 0.001), DI Rt (R T 1
S EEAL AR BORAR Tl A I )

BT b A TR AR e, e A A A XA TR T
HERME B B B 5tk (ps < 0.05), [HE ZEMEER
55 (Shapley {6 < 0.01), X EEFUN J A5 55 094 &2
FALRE . NFAENT T 9 TR /DR B SR A A AL
PEPEAY, X35 o0 1 B mT BB A7 Ol S5 SR 0 7 EH M T A
(52 & WAL TE 32 J&] B[] 2 (8 ik 27 25w 28, LA
KN EAE RO 4),
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56 4%

L

x4 REBMNEEEBNELIESEIT HBTH Shapley E(%)HIHEFREEZERE 5% EEXE

U A% ¥iE bt 22 2%
Lower Upper
R Ip /N 5T N IR NF I X L 0.91 1.38 0.76 1.06
Xof << J 6] ] 2 B9 At 3 b g 25 3K — A B4 T 8 Iy R A 77 Mk ) PR 0.87 0.71 0.79 0.95
EYITH 3% vs 2 LK) 0.80 1.84 0.61 1.00
Xof PR ARRAE b e JBE >3k — i 2 1 B 14 SRE W 11 R DAY 0.70 0.80 0.62 0.79
Xof 2y T ST 58 Ol 1 [ 25 DL 3R 45 R il > i — b/ 1R e 14 SR 09 AP PR 0.68 0.60 0.61 0.74
X AR Ml B A2 A MBS — Ul /o B Y 5 i 1) R TR A 0.63 0.59 0.56 0.69
XFEMMsR BT, ZatRAE R T BAT 3k — 9D ME M s 1B R vy 0.59 0.60 0.53 0.66
of e+ VL VR b 5 47 20033 — ok 2V B 114 38 s 1) A P 1A 0.58 0.52 0.52 0.64
Xof 5% 2 DL D3 — 1 B A] i S S 00 )™ F M I TE A 0.54 0.58 0.48 0.61
AERXTIL (5 FEH vs 2 ARG 0.49 0.91 0.39 0.59
Xof 1l TNVE B I B A1) g BBE 35K — Ui 2V 1 SR 1) A S8 v DAY 0.47 0.52 0.42 0.53
X< DA P b 45 53— Ul 2 W 1 SR s 1) A 8 v DAY 0.47 0.46 0.42 0.52
SRR A S, FEIRAL [ AR TR — Ul R BRI SR (9 7 S I A 0.46 0.49 0.41 0.52
Hop KAV B A T3 — DV B (1 S ek 1 A7 R0t D 0.45 0.38 0.41 0.49
PSR (A vs HAR) 0.40 0.36 0.36 0.44
A A A IRIRE 5 A T L X 0.38 0.71 0.30 0.45
A RFRAL A S A T 2 R L 0.22 0.55 0.16 0.28
JE I [R] 2 L b At S 55 1l 3 — 77 Ay 10 451 4 0.13 0.41 0.09 0.18
R BFBE AR AH A 5 o R IR AR T A i L 0.06 0.34 0.02 0.10

4 g

AW FE R ) 4 R A B AL 2% ) X — N T4 e
PRI, BIRARGEH LT /N EA AR R84 T
N, S A AR R B A B O B IR S i 7
PEBYIRAT . BT VE B A 2 A2 M R 21 1 ) £ %
VEBERFEZ M . XA B 1005 W 1 A RN 45
() A A 0 1 RO R, DA RS L AR S 2R AR
AN A Z AR, HRILIF455R

B, BRMS, 4 33%00/N 4 H IR G 5
ZH AR BRAT N, HaxX — VR8RSR AR )
BRKERH —ERAR s, HIRRI N 2 F5
S NEAAE AR B B R B 3 AR ORI B L,
B J5 HEACE I, B 6 AR, /AR 1 diR
ik 40.5% X KW, VEALVERAE 2 90/ vy 2k gl
B2, B 6 RO, T 3 FLE
R i AR A 1 SRR AT BEAE T 3 AR AL 2 L
VRNV 3G I T 4 ARG S DA SR B VR 3
T2, X R T I E KR/ N B B IR E
SR AR B AT Sk 1) O A R R (I AR B AE /N2 AR T
NG AR 8] THESE, W Lee, 2013), Higtn]
W, FEBEAE R —Fh AT R, —BIBR, AR K
SR U R T T B, B rl A e A e B 2 1

g, o M T, sz Bt B DR 1 2B RR A i
HEAT R0 1 A A

55, AW ST T 5 S A A TN AR i X /A
AN BAT S B I 2 i T A5 R . BILAR 2 2T 45
SRR, 8 AR A XN A Bk B AR AR R R A
Bh, e ABIRIYE N AR A B AT Sy B EL A 8 e Y
UM RIS S PE(AUC $91E 3K 80.46%) . X —4
B 2T 80.46%1Y T BE T BE 1% 3k T X L Fiil
DA% B /N2 A VR BRAE LR IE B 50 . F% 1k AUC
BT 45 (%) Cohen’s d .\ 7, A5 70 7 3 48 3¢ 46 T ) A%
N AR AR BT S AT O N, A 45 2R Y
0 AR K (Cohen’s d > 1.2),

9=, MLas I BIRIK AR 5% Shapley {H /AT
SR DR, T TN AR i 34 X6 e AR AR (1) 35
o U AR B SR R AT LA AR T DTk, SR,
XTI AR Y S B LR e 22 . B
Bk

T, N A B ARE BT O 4 A R
2 LR 75 A Wi 118 e O B ) T AR o AT TR A
EMLEBOE AT 232 1), A ey A OB & f
IXFEAT R . X255 DR R b2 A i
By & B B A — 2 (Abaraogu et al., 2016; Ives &
Giukin, 2020), Murdock F1 Anderman i i % LA A ffF
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FEIATERR G, A RXTE B AT S vl 82 32 M 1) )
Wr 22 S5 AT REEE TR 5 —, AR AR By
A E 2 M T AR B T HOR AR R AN TE TR Y
1705 =, R B AR HE R SO N B R 01T A,
BT B O R, BOs B B ESAT ik T T 6
HAE, DA/ PR AT O 5 A B E PR e
(Murdock & Anderman, 2006), HILA] WL, 5Kz
A, /NS A XA B AT Sy 42 52 M 1 ) B T RE
2 H T IR R 5

FOWR, R RIS VR Ml AR B AT Sy 1 3K 3l 1 A A
WM AR B VR B nY 0 s &, BRI AR
W AT R S /N e A B AR AR B AT O i
o GRS DR X R A R 22 R AR R 58
F AR R — 2, R R)AE4E B AT o R 68 3 B0 14
Xt H [ S AE AT k17 & P4k (Hrabak et al., 2004;
Ghanem & Mozahem, 2019; McCabe & Trevio,
1993), i HA—IUEE Xk F 55 22 AT T o Ar s
R, [P B A B AT Ay 1) e T TR R
Z—, Hax B )R 32 2 S04k 2R T ——
HAERNR T AT 5 R AR 3 AT =
kA B (Zhao, Mao et al., 2022),

[FI A, X 2lb s 2 1) 1 R T ok — P 4%
BA 5 R AR AT A R B2 . BARR I,
H P i 22 /N R A AT R A C A
VEMVAEREAT Ny o 31X — S R S B XS b2 i BIESE T
REE BILAAHF] (Newstead et al., 1996; Ozcan et al.,
2019), H W VEBEAT 5 IS 1 —FETESI L : Ik
G5 2% 1Y) 2 A A B I AR R OR sl 2 R (2 DL Oran
etal., 2016), IAb, A WIF LI, MBI #EE
Boz B g 2] | ERPT AT 2 S S K 5],
TG 2 1 2 R B 25 5y 52 3 PRAR B i L 1Y
WPy, N1 A A AN A B AT O (Putarek &
Pavlin-Bernardic, 2020), i85 —Fh Al e 2, HIRIF

2l BT 22 1 2 HE Y 1 BRI T REAH X 55,

7 FR A3 RRIER 55 19 2% AR A1 A1 T 25 ) s 2l A gt 7
M (see Murdock & Anderman, 2006),

WAL, /N A A A B AT oy By — e U AR
F P R AR ARG, 2R, [m) £ ) AR B ) 422
2 M RNAE B S SR E I AR ) T K
AEXF L5 o N, ABFFE A B, >k H Bl A TN
FAEMB TR T B/ANENEA, R THEEH
YR A B, S BGK F 22 A5 ] 22 S 1 S IR T i S5 4%
Pl S B BOR DL RO A 56 R 4547 % (Ramberg &
Modin, 2019; McCabe et al., 2012), %26 [ 2 E1F ke

JE T — IS BT R 1R 2 2] 45U

R, AWFFE R B, B E] Y R AT BT R
)42 52 AR SR X N A A Wi AT S B s 1 T
fER . JFH, AR R R T ) W 055 T/ A B B
XA Wi AT FE 2 e, R A B[R] P i VR BRA T A 1
i VR B . AT UL, TR AT SR AR B A 5 e
TR GO R W SNRTT R L, B/ ARl
ISR R R AL, KB A BT it 1T A Bk
# B B9 (Jurdi et al., 2011; McCabe et al., 2008), #R1fi,
b N B TE A R KT IR RS S e /N2 A S R AR Y
FERER . BRI <32 J] [ [F] 2 (0 P B 22
— VB 5 SR ™ PR A B Y SO PR D, i
SERIE—E B AR T LR gie

X AR i TR Ay 7 A R R A 2 A R 1 S
R, BIVEESS ™ E X /N2 A AR AR B A T 1)
T TTERPE R N o X S5 R AR AR . 5
HJFEA, AR B o 3R E I A TE 52 B i ARl AR
BEARTT W BE o /DA XL VR B IS R BT i
ARR, A BRI 3 Bk R F 25 R B T i S
Ja SRR AN AR . B IR A . (AAEAS B
e, REEREIERREZHE T 0% IRE
AT B, A IR 2 T0 VR NI A 4 2 AR B AT
R o XKW, ik BEAH T A s R ) e 2 T
XF2E A H B BE S Y B 5 (R X 27 AR 8 FE AN (B0 Y
B5 5% ) I AE BEAE ) 7 v 2 JC vk U OF R 2138 ) A B 1Y
BOR

I, /N R A B SR A SO B DE i
HA R 5> N AV Ge 127 PR 3R 0 B M d AR A Tl A R
(fEH XSRS A0 Tl fy B MR AR s T 0). Hirr,
R VR B SR W B AT SR T &, 2 B DA H 3 4
55, AR AT RE 5 /0N A 3 30 0 ) T I Sy 3 UL A
VMl A B AT R (0 SR RORANE . X A R 4T 43
3 O KA G

AW HA —E ISR MERERNEA
RAE T/ R AR AR R AT A S 52 e PR R B AF 5T,
WIS T 56T/ AR AR A B i TR 3R (R £ 51
R I a3k e 5 e DR 2% AR A it Ak S 0 E M R A e
T THET o Fe555 298 th 02, AR5 R B/NEE
YEMPAE B By 20 A 3R 5 R b 2 A 2o AR ATy 185
Wi PR 3R 48 BOTF AN 58 AR [R], A7 7 H AR IR R . e
Murdock Fil Anderman (2006) A 5 S ™ F 4
S BB A TN A 2y 2R 2 R E B A 28 O o S 1 1R Bk B
B, ABIZFE B3R X /N2 A AR AR B 8 52 i) 00 322 AN 2 5
Wz Ko WL/ E R B R IR IR . i
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56 4%

G, AWTEIL K, B TR ENE, b L
DATEAFFEIE B BEA 52 i 2 2 Rl v 2 2R 2L AR B A T
YRR, LT /N A VR A B 5T k-t A
55, W& &M F £ (Tsui & Ngo, 2016, Stap ik
B R 22 () RS R R T REVEE) . PR (Galloway,
2012, i p AR AR RS TE T 2o ) A (HER AR X/
A A A B B A i PO AR 94 28 a5 A R rh o A 2
MV AERAT Ry R HUARAFAE B RN, WAFE (Tves et al.,
2017)%

A2, Mg R £, Murdock A1 Anderman
(2006) 4/ 1 118 — L8 52 i K rpr 27 A AR B AT O 1 DG B 22
R A BEUE T /N2 A VR AR B, BDBLAAAE —E 1Y
ARAAME o A B X8 1 M AR AT Ry 0 T e 52
(] A Al i g AL s R A A AR, B HE L B
GRS O N7 AR AR B DG s AR 5, AT L,
ZASFE G KA R 2 2 AR SR T A R R,
U [F] B 23 068 /N2 2R B AR M AR B AT Sl A7 A I 5 52 i)
(Abaraogu et al., 2016; Ghanem & Mozahem, 2019),

WA, ABFTEIL B, AR 5 Y A (a0
AR F B R AR BA T A 1 AT 42 A2 M A5 ) E B Rl
VMV FEBRAT bt 5 EERE . X —452R N
— R ALK A IR B SR A B2 3R B i & AR 5T
WX B X — IR TR B B N B AR . 0k
TAEBEA BT AT B AN AT A4 (8 R B A T Ry 2 A2 1
BEmidEAS N ¢ B 9K 3l 1 (Hartshorne & May, 1928),
MABIEFE R 25 R I R B, 5 B A~ N4 o Y 22 HAE
FAATBE WA b R 1 R AR .

AWFFEAETTE B RA —E R TR,
BiE N TR RETERE 2 . AL AR 2= S5 G iz
N, PLEsE S BOR B 7E N (Bartlett et al., 2014;
Just et al., 2017; Livieris et al., 2018)J% % JL# (Bruer
et al., 2019; Zanette et al., 2016)H 57 1175 2| ke k)
ZWINHT o AWFIE B UK AL a8 2= 2] iz 1)L s 1
WFFEBUE, X /N AR R AR BA T Ry 8 52 i PR 3R R AT
AT o G REW], Hldess T BAe o L EAT A
RIERE FRRATATIY, TR TSR, NESE
T2 1) )L B0 B A U [ A7 4 T — o i A 5T R
Kol o b S8

AT 5T ik BA B0 1 S BB . ARAIFTE R ]
PLas 2] ikl T RERE TN /N2 A A 22 K IR
SRS AR M AR B AT Sy (A AL (SR A R 58 80% LA
1), AT TR AL B EAH G app 5 BRI A,
TE/NEF R BN ] o BAORE, & el /N R 7E app
MU IS AR NGRS, FEETCA

LT B 52 1) B84 AT A A o 5 SR (B R
AR AR B AT REPESUERS, 0% 100%). AR
SR, PN R KRR T /AN EEY T
A Z KA REME AR AR B, DU T30 sl ¢
KIAT BT (AEREENE, AT
WG — U 0 25 Rk 25 24 A W AR 2, ST ]
T FF AR R (g 45 S, R T 45 A AT AR BRI 2R A 3
BHAMULEAH &, WA, th T HATREW &
15 43 TN A 5 % 00 9 b A e vy TR R R D,
X 9 B A B 1 5 1 B AT RPN A5 o T SRS T 4k
SLM 3% 0] 4 rh i A G 2% H OF SR A AR, T & T
FIMI A o A i — 25 R HERF 8 R AE 2 R R
BEHCE TP EE A .

WAL, A 5T ik fE 20 B O et T
HAR . TR SC BT . e, MR B AT
P22 M (B DB T8 R, M ARAR A B 5 R
FEEE, BENSHCAT T AN AE A (VR ML AR A TR
XA TREK ., BINKE)KREAETEEUGR: A
O, — R SR AR B 5 R, AR, B RO Ak S A
FEURR A £ 32 5 Bl 2 A ST OE 0 A0 24 A A, 5
FHAINRBIEROE R R E N AREEIT N, HIK,
F T R R AR B A AR AR B AR R, PRt 20m
G I T B 980 R AT Ry BT 7™ A 1 B TS 0,
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Abstract

Academic cheating has been a challenging problem for educators for centuries. It is well established that students

often cheat not only on exams but also on homework. Despites recent changes in educational policy and practice,

homework remains one of the most important academic tasks for elementary school students in China. However, most

of the existing studies on academic cheating for the last century have focused almost exclusively on college and

secondary school students, with few on the crucial elementary school period when academic integrity begins to form

and develop. Further, most research has focused on cheating on exams with little on homework cheating. The present

research aimed to bridge this significant gap in the literature. We used the advanced artificial intelligence methods to

investigate the development of homework cheating in elementary school children and the key contributing factors so as

to provide scientific basis for the development of early intervention methods to promote academic integrity and reduce

cheating.

We surveyed elementary school students from Grades 2 to 6 and obtained a valid sample of 2, 098. The
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questionnaire included students’ self-reported cheating on homework (the dependent variable). The predictor variables
included children’s ratings of (1) their perceptions of the severity of consequences for being caught cheating, (2) the
extent to which they found cheating to be acceptable, and the extent to which they thought their peers considered
cheating to be acceptable, (3) their perceptions of the effectiveness of various strategies adults use to reduce cheating,
(4) how frequently they observed their peers engaging in cheating, and (5) several demographic variables. We used
ensemble machine learning (an emerging artificial intelligence methodology) to capture the complex relations between
cheating on homework and various predictor variables and used the Shapley importance values to identify the most
important factors contributing children’s decisions to cheat on homework.

Overall, 33% of elementary school students reported having cheated on homework, and the rate of such
self-reported cheating behavior increased with grade. The best models with the ensemble machine learning accurately
predicted the students’ homework cheating with a mean Area Under the Curve (AUC) value of 80.46%. The Shapley
importance values showed that all predictors significantly contributed to the high performance of our computational
models. However, their importance values varied significantly. Children’s cheating was most strongly predicted by their
own beliefs about the acceptability of cheatings, how commonly and frequently they had observed their peers engaging
in academic cheating, and their achievement level. Other predictors such as children’s beliefs about the severity of the
possible consequences of cheating (e.g., being punished by one’s teacher), their beliefs about the effectiveness of
cheating deterrence strategies (e.g., working harder) and demographic characteristics, though significantly, were not
important predictors of elementary school children’s homework cheating.

This study for the first time examined elementary school students' homework cheating behavior. We used
machine learning integration algorithms to systematically investigate the key factors contributing to elementary
school students' homework cheating. The results showed that homework cheating already exists in the elementary
school period and increases with grade. Advanced machine learning algorithms revealed that elementary school
students' homework cheating largely depends on their acceptance of cheating, their peers' homework cheating, and
their own academic performance level. The present findings advance our theoretical understanding of the early
development of academic integrity and dishonesty and forms the scientific basis for developing early intervention
programs to reduce academic cheating. In addition, this study also shows that machine learning, as the core
method of artificial intelligence, is an effective method that can be used to analyze developmental data analysis.
Keywords elementary school students, honesty behavior, academic cheating, cheating on homework, machine

learning, prediction, peer behavior



