=
4
QA
s

AI4R F FEMY B B2 Ne it Il F 98 2 ) 28027 S
— DUHT A E B

A=

RS

A

WE A H e H a7 (Al for Research, AIR) JE X R 69 31k 5 L8 , L F &R M

HEHFBIET —AESAl EREHRAERMELSARAELR,
Al ERE5HFERGERED/LS AL ;R MEL
FUMA, M ETOLEARE Wil B B ELAHEN WY EL FHRER,

MR EABEIRAERT BTT

% EASE X AR 6 N A4 /E, R B “AI4R &

BE. AT X

FHEPETFROTRBAE AIRETOHAEG RN AUFABZERGALE. A SHRE B
AR E AUR TAHFRET EZREKEL ZHBEZ,

X8 AUR EFHR Al E54 #HEnr

DES
DOI
SIRAXZER

G252.6

10. 16603/j. issnl002—1027. 2026. 03. 012
AR =, kA e A, AUR E R ERIR R R OO R AN F LR —

At KB B AG[]]. XKF AP FIR,2026,44(3):109—118.

1 5]

NZRIE A F15 2R Y 5 B8 AL o Bt , 1E 76 ) 3
BE AT 0 8 R AL BB S SO 1w A= . AT TR
TETE 8L 58 0 BT T AE U, VR 20 52 W 55 TR Y AR
72 ARG SV O L 3R AR A — T AR K MR T
TRHMIFRCR SO TR AR O3 — Oy T Ok TR
R R, 2 R A A B B VB R DL L 4 R T &
PER LS EH 250 8,

55 AR R BEfL BLE” (AT for Research,
ATAR) [ T8 B B+ 2 B 28 T 2024 4F 1F 42
W BBl B R R TR A B 40 T
AR AL S8 BHIE 2 3% 1 I R 20 B0 f b 5 B
ot BHIF L B S Y AR BHIFE R A28, T
fift ATAR MRS 7 ik SRR, AT ) R0 Hfg — &
FR 9 AT4AR Z00FfE

Al RFEMAERR AN R &5 R Rz %
FEATE . WL KE N TR R E BF o T
2024 AE R AR %A N T HRRRFAE ), 8 Al
EX i LN I RN = o A N Ol Bl R I
NARAGFE . B Ah , 22 B0HE 42 4 2 1 1) K12 54t

ill}

o

x EIRAER HEE = L BB : byshao@zju. edu. en.,

SN AT EFAERD Y ORI AL £
B TR T, a0 g Al J T i ) AHUE N S
AT ZFHERY I B 2R Al RFEHER OB RE
18 5 [ 94 F5 24 B (Barnard College) 1Y Al 2 FRHE
EM T RS AFE IR, T8 5 L7 b
PO 2 R B TS 9 AT 23R 5 LA K [ B
B AT R RHE NS R R AR R A
M AT ZRFRHF .

WA Z 8 AL R I 5 FER F-E 174
S HRIRERDE L BL AT R IR ERF ER S BT
A L BAORE AT A0 38 T 1% G2 BT it 72 AR /Y
CTRAE”, XA R BEIR 2 fih f2 ATAR Y5 0F
A 0 AR A PR AR B B A B3N
BURFEIA AT A BRAE . PR, A 1 1) 38 FH 3 59 AT
RIHER B P S RHT R IR R B E
256 4 [l i 85 5 8 — AR 52 B8 A A 9 B AR R oK .
PRI E RS G A R T AR
WHESE s SCRE 5 18 ) 268 RIS = 19 % 0 R )
B, EHHERT AR B AR RHR"X %5
PEME S, IF X MRS HEAL 5 55 F I R T R Gk F

109

=W I20¢

>

S AR XD RO



R =ewm9202

X RN

]

ATAR & 7~ 09 96 38 R RO W T K A B FoF LB/ B L A AR A Al

FE. A EE A EIRQ I E S KRS H H L

2 AIEZEHZERFEFHXEYR
2.1 Al Z 0 AR BFAX 69 K mh A A

AT R SRR 0 A A T 1 3
WAlE ATEAR S RGN IEG. BB T Ha
BB AR A e — A 2 RS .

Al RFMAERR AN AR E 2 284 B &R
ST G ENAMEEEHE e, &
G OA 5T, AT 35 1Y 25 HE 22 0T 05 44 Y A~ 4
B COHEH 518 3 . BE Ak ) M b o A0 RN IEAS AT 4R
JSC PN 25 B A B P LR REE R Om L P 5 B OF S SE S
AT AH G (Y 18 FHR R JE  BC B AL A0 37 A B
N5 P . B AT B9 ZEREEEIS L 8 R B A0
AT N FHATSS ARG s T AT BR B 5 & e Btk
PLR AR, (3O H R 5 0 - 8 A Rl 452k
Al THRYHRE A MPEAE AT 9268 R H AT FF
KA T A RE L DA AT FE 45 2845k Fi 375 o 14 L
. (OB S I 38 AT 5 AR G5 M i o 1) 2
P RE T AL 45 5 S R 205 A 4 e B S 4
R AT RGE MR IREE IR AT 3, 7E A
TR Re U — D IR R M2 o S AR AE S
2.2 HErEA.FRGFHE S

B R 55 2 I SR 2= B 55 1 20 BT 0 250 2 45 1
LRE A AR B SR, B R RHE A B AL O T
1, B T RHG Sh IR 25,

B A T ARRHE B A 5 A 4
JEWREHIE A R IR B SRAE SR BT B
R BHIE 3R 55 B N A AE SE AT U 94 2 O 4E R . (D R
WHBAE 515 & AESF#ARWAR , T 51IERL A, k4
P8 hil e E AN BRAFAE R 4 (A
A7 PP ASCAE 27 R L R AR 0] 5 BIF 58 N B3 1 2 R % L)
WERCIE BHIF 3D 3 ROk SRS A, (2O BEBERR 4R
SRS G T A G RO E B R ATV R S R
ST AE SR R O U R A T R BT O
N R LS Ny IRy R S R S VA S 1
Br  SCHRAG 2R 5 25 3R B AR OGN, () BHIFRE 0y« %
P A 2B RH I XL B8 8 AR 48 BF 5T IR) 1 1 G B
HIAF 9T 7 58 R HERAA Y B 9T 5 1k B2 b s A RN
Bl s B A B G M R A ME N F ARG /ES 1k
RARREST s W IE N S (B BNE AR RE . (O FHIF R
B AR S IZ FOZ 4R A LA M A R G 4R T

110

JEE B A i B R B A LA R B IR A
43 AT IR) A A D 1] 850 1Y) g
2.3 WmEH/EKXF

RERAGHRC /4 HXEFR RS Al £ 57 R
T TR0 A0 2 )5 BT R =35 A5 S IR AT A ik
TS B ZAL T HONTERY R 2 6K, H58 b 7E
ANTHABRERER RN ETRT A RFES
AT R FIFAE T B 09 JF 510 ¢ & 5 12 7 48 2R L
PURR R 5B SE B 2 4E T B R
— AR BERG VEO RS AE R
2.3.1 WEEWHGE—

Al ZFEP R TR SRR 7 h iy 2
AR R FEAE M) b BE G — . T 3 R R O
ST IR G2 AT Ry o AR DGV B 5E T Bl % AL £ 0 5
AT AR IR R A5 Ge s AR FE T A T8 N 25, 122 AR RS
o AT AL T M E 48 R
2.3.2 ANmEHWH@®A

AL RFEHHEARA NN GBI R F D0k
RFEMNHZHAAEIRER G R, ATHARIELE
WUAR A e MR 7 38, BE 3K 3l i BRI =KL TR
ST R Re A AR A AR BLAE R M4 Y O i BRI
FKA R AR AT BR JE B, W Z BRI k8
Fend,

2.3.3 Bk EWH LA

AT RFEH TR g SRR F PG
BEFRSMBERFIERNEHA LR, ERNER
Ko 2R FBE 7 BT 3 e AT T EL 5 A 25000 i 42 4k 4
filt o 1 AT T H (4 7 SO KR g 15 8 A 3R
ST RE T A
2.3.4 QI ETHHE

AT ZFEH R R1E N H 6e 71 5 B R 57 vh 1y 1
R N R FRAAAE VA O R . AT £ R S BB A
B AL TR TR R R R R R 4R 5 AL
FR 03 M

S A o e T T L B WA B S Y i
B R R 53 S A B B 4 AT B B B A G R
R MM AT 2 37 M40 B AE T, T2 B — o i &

TEE 85 Bt BB Be A SR R SR R E
FEFRATHT A R 2 11, B B AT
RIEORA ] AT WF5E B T #4783 o b7 L 5 27 B
VERE R LLM A7 3k I U5 . 3 #5 TB K



ATAR 7~ 9B ISR R ZH 0 T R A 0y o LB/ B =, A AR A

]

AT 5l Bh A Q08 0 22 07 . BESE R AT T H e i 2%
SERMGE R BIAE AUR B BF AL S L O S AT kAT
IR R WO B R

TESCHREGR IR RS I B A R IF R R R B %
RO R A R LR S S RE S R g
F15 AT ZFRBR A AT SCHR T B 7B F7 2L scgk e
F1 30 A R SCHk A B, R LLM % B 45 0 5 L 2 41
LRGSR . PR AR N L P ) Y 0 R A e
1Rt A AT T H PR &2 B R B se X
SURAIBEFENLS I 5 AT AT IR R MR
BIHT R .

TERFSE RIS R W B A R R R SR 2R %
PRSI AT R R A U e AT B SR
BORFIH AT T BS54
FIH LLM Az il £ 18] 46 00 6 s 5 RS2 49 . P9 25 4
BIE L AL B3R 1 07 WL THRE T 8% ALFE R 7k ie
JEE i), i B T T A BT A 5 5 42 [ B PR
S AT ZBLA SR BRE , 45 G 2 B RR B T R A 5K

FERCHE AR 5 A0 38 B Bt L A% G BHAF 3 3R BOR
FHE R EHAR LRI E IR S AL R
FREORAE AT T H AT 5008 b5 1 B 3 0 . S 5
o R AT %l Bh A BECHE Ab BRI AR . P R AR R
H 3h 4k 1 S A BRRE ) - BERS 2 T AT HER A s ik b
PR A 0RO AL B TR L R O R T A Ak
PRRCR H T 50U Ak P R A A

PERUHE 73 BT 5 i 132 B B A% R BT R R BOR
1RG5 43 Hr i i (SPSS, Stata) » B 45 B4R 42 B
HHRE S A1 ZFRER A AT $4E 2 b 1T 2 3F
FTHERYEBE 73 Bt T A 1 36 A i 0 A &5 S A
B, ARSI AL RS BRI 22 . e g 5
AT B4 43 Hr T H 3647238 B 2050 B e 3 & B0 450405 A
ORIJCHE s 6 AT A= B i 1] 2 R fige g a0 47 41 40 1 fi
B2 45 A B 0 TR I 220 WL

TEIS SCIR S 5 5 B (B SRR R E R A
B TEVEIY 2E R B T O I S AR R A % =X
Al RFRZORM A AT B4R B T 347 105 L R XURE
T €, BRI B T 2 3K 0 b RS, R LLM 52 348 S3C
WAL HER . P RS TE A LEME 1 2% R 3Rk hE
T7 K5 ATAE R 0 9 0 1 R RS g 8 3R THIE R
i TG B B R HE ZR RS R i AR 0 A A, 1
PR 25 1 BRI A2 R IR B

TEZF ARG 5 18 3 B, 1% G0 B F 3R 9% 20K 1

SPEEARMAT T R IBUR s AT EFREOR T g N
Ab 0 BOLAS 56 T AT B 0% 8 28 UK L B A% 01
kG AL B LI AR IS 22, P ERNA B
B TTAT ) AL E A8 2 . AR e R b W B
B b f ) AL BEA% IE 8 AR R 5 51 0 AT A4 A s
55 0T T A A I B 4 LS M R A P A T SR
FAENOEFT AL

3 AR B#FERXE AR =35

3.1 HAMBEX AR A H 4 5

E SN o e SN Lty o R = S S 7 o S
BRE AR Z 5 L 5 ARG R se LR
0 R O B BE S i, IR 1998
ERRER[EHUERNZALEHEH « #%7H (Jim
Gray) i 5, 055 TR 386, id 5 B AR
L ARG AR T A A W 1 L AR B S B Ve 5K
3 o Al G R B R N X T A A A T O
A5 T M) P BE O X B 2 B R AT
AR, A i 50 B A0 | R ST s B o R A
AHE T R 12 98, 5 7F & B (8] i AH OGPk L Gn X
DRI 3 A FF 3 30 B B 1 00 O T L T
WRE AR TR LR M2 LA R
PREE SRR I, B2 W = rY 3 2R 4, BF
EXT R R G IR R AL, s A Bk 5 AL
AHLREEET .

YT A N TR REBOR © AU ] T L Atk R
W58 (AT for Science) , BB B F AR R EE T
F2HRL2£ (AL for Technology), Z E 75 # Al for Re-
search(ATAR) B 4% HABHIF X, S BBl 2% L5 R Al
TR AR U 0 R AR RS TR
WAL B R B BRI R R R
HE, B 5B EN B E 2 AR NG
AR AR BILIE , R 1 X

HE, 18 ATAR BRAFIE T, “ R B 2 ALY
(Large Science Model, LSM) i {37 #8 % T 38 F 89
“RIEF BT (LLM) , LSM J& $ ¥ 5 4L 3 I8 B il
B, L B TR E R ERE A, 5 LLM
TR R Y 2] w7 KU AH L, LSM 38 K 1Y 52 ik 30
FF2FRE B P o 3k TR LA S B AU HIVE AT R
SRR S P A LGS — , I 4 DL AS 1 B IR
PRSI R, 3 — MRS kA 5 A8, S [ R X

111

=W I20¢

S AR XD RO



&= e W 920¢

XU N WD R

]

ATAR & 7~ 09 96 38 R RO W T K A B FoF LB/ B L A AR A Al

FHIT KR8 A AL B 598, B AR T X e BLANAY
AIRHRTE SR . “ YA 4 * [ B 168 31 55 R 4l
MRS NA 2 E AR+ T 2025 4 3 H
e BE 27 B 3 55 B R BIF S e AT4S BIF 2 B4R
P AT RE R B N T RE 5 R s R 2 40 8
TP ZR s AL o S5 1 5000 1) 28 0 o 2 97 5%
TR AT . B, KT « 15 B2 I (Demis
Hassabis) /& DeepMind W& & € 46 A 36 & & 04T
B[R 30 A A8 R A 2 B A R A B e
B, TE Rk A L A 2 A kA A
R T 5, At i 8 71 45 141 BA T & 1 AlphaFold.,
HA YR R I R R L 5 AT $ s,
A BE LT 2 SR B 2 A AL, S0 A OGP TR 3
“PRR M R B R RO B A

HW AR GESR G X ERIER R, 410
BLER S 2T BB AR IR, O R R e AR R, X
— AR FUHRSE T E A AR S A% R 2w BT A A
s GEGHH R EANFE KRBT —E
B SK A I B AE 1R AT AT AR IR T2 e
B R L R SR L BB
RS — G R 20 R e R, X R 1R R
1R G038 10 il 28 M B0 2y AR R AT, DL KX 4
Xof N A it PR e G 2 A 5 U i E P R I A
itk BCTE R R BE T 1 e DL i AL Sy — b e 28 L 55 S Y
B HAR . FUA SR 983X Bl B BE 1L BB T =X, 4 BE A
5 LR RH IR R [ AR TG Rk R RS B E
FEBIFFE AT 01 2L 7N SR A AR A D (R 5 2 B 2wt AR
AT W BV ARAE MLERAEAE N SR I iAW A
{1 I RO R A5 AT A A 35 B O A A HL B A
REREA . 28R % T 8 BT AE 1Y 2% 2 5 RT RE
BAIA RJE SR RHIF A SUH 2R R e T

o9 = AR IEHEA: — 35 R 2 1 B A RHIF i =X
Wiy, XA ELE SR A i Y R
RS AT A SRR DL K B R T R RE . X
X R SCHE B AR AS P 5K L A ATAR Y 52 B 0 20
WFE T R TP BHITF 5. X 28 5 LW T 3k
TE LRI AL S T H R B S R R O R

EEHH TG -EHRSMHEY EX—HUERXT,
I B 00 A TT R K A ARG, Bk A R Y 1 FH i
FEAT LA R 0 B A 22 AR B B S B T BRAE K
T, XA AR A TR AR R AL SR A
PRBIF 58 3 R BB N 202 FH - 5 ORI RO 5 g
AEBNRB B TR, BAEA T L7 AR WF
T — A Y B 40 AR 3R R A, TS IR 2 9K 5
AT4R RS i 0 51 5,

B, R A R ATAR BB B LR AL,
IR S5AF2ERBH RS, E7EIR 3 — SR = 1
Brgar, B RHEERy FR AL LT
A PO AD R R A A . BB 2 1 A U ) A A H
I 2%, fiff PR3k B[R] T B DU A AL O B T e —
1o SR IBCEHE 1) 1 Bl A S 30 | A i R 22 B A ) IR
AT AR HR R T BE M Y AL B DL B MV
R R IR R B B S R — A ML 2 S L —
AHRAR L Sk AR FI 2R S L 5 B B AT
G, @ U HE B B2 R R Y i 3 B M A 30
T2 X FCHT BRI SRR R 1 R A il
BB SEE R R0 AT 2 W8 5 IMER
I R G PER B Ty A G ) 5l AR ) DL AR
B L PR
3.2 AUR ZHa&LHIER

2024 4 6 H WL K N TR BEHE #UF 5%
D S SO AR N TR BB R IR 4L i 5 (2024
WO Y. 20 Ez 54 H . N T8 BB IE 4 1 Al A BL 2% L HER
G Y ) R G e e a5 85 AN e i g -
S5 FRRERLIL R ) 2 Al B AR 9 E A R AR SR
PF T HEAT K o T A 56 A A AL P A AR XK
T T B 2= A 0 oE R IR e T JC Ik i e i
T RNk R . A A BB AR AE N A R S At
L RERE SEIAE B AR ANLRE AE S5 AT L
PRAEH FA470 . B AR RE AN HT TR s ] LA
B2 ) AR AR IR T S A AE R L R
BEOLIRSE LR AL T AE2= By Wik e TR A
23 ] A BHIF I 20

N T R BT 4 3 A i R I R, A (W

O BEBE. —FETREY IR RG . & ARSI BRI R 52 2 Bl 2% 0 O SR AL R BE A TI0 , FEC P R A A B i
A2 RV AIF AL T 38 B TG ¥k TR 55 A o N\ 2T B 1) 3% 4 G I BB 2% B . R UR . Guidotti R, Monreale A, Ruggieri S, et al. A survey of methods
for explaining black box models[]J]. ACM Computing Surveys,2018.,51(5):1—42.

@ WAV - B RULE W BB AR AR A Y VAR SRR B | A B AR DM L BB A A ATCRI 8 I £ SRR R R L AL TG U e N 6 R I L L T

B A SRIE S R IR R A S A SRR AN,
112



ATAR 7~ 9B ISR R ZH 0 T R A 0y o LB/ B =, A AR A

]

TR 2 B A T ORMIR A S8 A A% 0 fiE 1 OR L HR
It ATAR 237 A il BHIF N 51552 ) 3038 1 4 g
R TAER S AR R, 3T AT HFE SRR
FHFRE K F 454 AR 45 TR 38 =X 19 B F 45
i, 2EHF ERAR I “A4R RS AUR K
JE R BHIF A D3 35T 2 AR S [ A 55 12 2 o D 1Y)
HI4R T . BEAZ A ERAR N PEAG AT R IRH I
VRS AR T H R AR R w8 200 At 0 P b T e
el enfEmE 5aa N, EHEMWET -4
AR RFM MU & FHMER. N TFE LR K Oy
B2 (R TTT A RIS #O R0 IRZ Gl A B 0 R A
F) ALARE ALY P 52 RE 1) 5 Q18T )2 (AT 1
SR A BT 4D

3.201 BAE . ATENRAKMN

TFAT R IPRS #i 2 ATAR % 35 19 4 F M (4
W0, BT N B S AR G AR WS R S
AT A FH A6 34 ] ) 00 18 200 30 A S il 1L X5 AT
TR FEER O,

AT A BHIRG # 2R BN B3 7 381G 14 48 %
AW BOR A AL L IR B AT MRE i B 5 K
B L BR LA REXT AT dir b B SRS B B K A B
I 2l v A 3 A B o7 A e X B AT . TEAR I O F
HOAS e 2% A J W 2= R S AT R 45 AL, BEREA
BT B AR B B RA R ) L R AL R
FECHE 22 4 CRUR I 82 L R G0 B 28 L I 2 2 R BT
Bl $E it . o5 — T BRI N BRI S R A RL A L
A, P 5T 00 R i Tk RO R T A B
PG AR ALE B AR RE 7 L 38 3 B OE A AHLERL G
BOHE] AT AR PS5, R R HE ) o A S 4R
AR 55 19 BTAT L (2 0 28 - AN A] R

VE R & FIR G B RN L2 R %
EMMMA S FHEM. BHFAR RAERLETA
PLIEAE "I TP A8 (B A 2 Esh By n 517
R A CEn D IR B gr AHLEMERE J (Fifig) . #Eif
SRR 2 T A 58 Bk L B 2 B A A ) v Ak =
KEZ, BERPHFA AR AL & 3“8 m”
IRV =PI IR TR T2 TS SN SR N2 A
B A0 3 SR 1 T A B S A A (.

3.2.2 mRE.@AMWMIAK R

HRZOREME A R ERERF T e S AL HR
i L ) A o 1 R AFRAHAR R . BRI B
FTMG B — 2 BLRE &2 b 8 — PP AL R T Y

RIARGEA . REZOR N TR REH A B A
BBl Sk, I 2L AR A HLRLG AR . il
BRI R AU PR, AT SR R 48 K
Bl SR b 22 I 24 JR A L BILE 2 > AL AR 3 Ul
SRR A DA K e 8k B B R 1) TR 5 2 Rl R AL
I ) A Gk B O B At R R R

HIRZ GRlA B AR R 2D 582 (A BL P R
MSCEERE D B R, an R B = 6 AT B ok
R LT AL L A 22 T 285 Jmy B ) 118 1% 20 L A (1R
) BHBE B 7R354 )2 1 (R B )2 Bk BB {5 B8 7R 1
B T EE i T SR AT B A R s i TR AR AR
B TR fl
3.2.3 BB AN EEEKE S

X AR ZE SR B R, BHOF A B0 200
AT R 0F 58 Ak £ 0 JE B4 T B B 5 K BB 7
A1 THIFFE® S HA MR ME. ©
s AR B L BRI R R R W R AL SR R R
(FEERRF MEERTD S ALV A AL THM
I FHAR GG A s NN F FHAILER 755 ) N5 8138 A 3t
a7,

AT4R BRI J5 218 LA B BRI ) 5¢ B 37 A2 A0 R
WAL =AN D5 . (1) AT 4 B i R & & e 1. 5K
W B AT T H 34T SCHR & B LI 5 2508 5 (2
AL SR F 5 & S AT R BE . L AT 47 7 &
Al BHRAE B 5 08 s (O APLIMER F R KX S
LG A AT HEAT I8 S0 A BRI R 35k

AT ML P A 52 B (B B U2 ) BB S I 60 R AR
R, TESEBR R PR ) A o AR L BRIE N BRI
BT AT BE J7 3 BT, DT Bl A5 R 1 Ry
TGS S FAT A — " AT
3.2.4  BI#E AL B oy a5 B4

B2 ZOR B B A A B4 AT Bl B R 89 A1
B EE S SRS TELET L DL K REMEHE T AT H AR B3
M3z 9 BHIE BB L 4 s A e . BEIEA A
W ERWAL G 2L P AT R MR L 5
A R BB B R 2E T L. e SR EREE N B AT AL
TS 2% In) AR e B B A A R . DA 9k
PG

AT 3 /) BB ARG DL = A . (DXt
AL H AR K e a3 O Rp Rk, fE 98 19050 A0 46 42 B &
JR (T HILIE 5 (2) [R) LA DL fiE T < i T AT BB
b fi e 5 2 BL A 1) B, JF R BT 0 T 9T AR5 (B 5

113

< P4 = w9202

K AR N WD



&= e W 920¢

XU N WD R

]

ATAR & 7~ 09 96 38 R RO W T K A B FoF LB/ B L A AR A Al

Rl REE < B e ) S M b L A S B SR, AN
[F] B2 o R T A, BT 9 25 T 1) JE 2 R 3 Rl
AT B Ll AR JE Rl 5 19 RE 1 4 3l =7 B 52 S
FIRIRBIH o

BT R A =R R RE —E 5 Y H A
W, HAYPTA R B TR (B 1
T HORJFEH D I AR R T U E T R (5
i), A AEELIE N BB Y 5 52 1k 55 ol v e ik i ok L 3R
T B Rk o B e S IBC AR L DA TG S B A B
BIHT .

ATAR Z IR 19 DU JZ 4 7 B HE R I AR 57 1 2 3%
MR I — A2 )R P W8 B A L A, B
RIS 1 HRE SRR R AR I S L BE R 5
BT IR BT RHIE B S TV AT B A G
A, HHESE ATAR 5% 1Y B SR AOE AL SR 4L T
SR, WO 5 S B RS E 1AL

4 HIKRFERE AR ZFHFILH

2T AE AT LR S T A A T ) AR A F 5T A AR
W IF e I Wik - AT RARE T B9 BRI 37 /9 R 91 2
L,  ATAR RFFMECH AL T 5 5t R SRR B, LU
2L HIMT ATAR R FRTE IR & B0 5 RS2 iy
S5 it B AR 55 N AL
4.1 #HFRIT 5 ARk

DI T Ml 2 A i B Ve AR P B AR Y
15 B R FRHHE Wk LG & M S 0 5 et A,
T G W AR 52 BR SR R T AE 2R 1Y
2 e Ak D m] S B 2 T BB R (20 3) K
53 BRI I R LS B B il G 3R SR 0 BRI 22 4 o
SR e M U WA T B REC ., B AR
AT4R F 57 1Y F A0 B H AR B OCHR i BT, T4 At
KB WER I AEZE . BEADFAR IR 2~ i F L &
TSR T AR AR 4 L AS U AT RE T Is EIR R A
ML S 7. R SR R 5 Hoe B A A, A]
R AR 58 E L IE R e i E R AT T
VEAB PRI S5 45 KA 70K
4.1.1 BBRh— Al 5RKBHALRCESE)

A AT SR X BT R W L e AT 7R 22 R
Ji P B RS . B SR DT AR AR ] B Bk O, AR
SiR ] e R B 2 B R v A R A I A DG AT TE2E AR BFSE
Hr 4 B B9 5 Springer Nature, Science, Cell \IEEE
EHE R AT AR S 5 AL ;s APA MLA . Chicago

114

S E PR AR MES 5 SCIRAS XX AT ZE J0A 1N 28 i A%
KA, TR O TE T — J7 1 RE S TE IR
SO A Y R AT BEE A B0 X BT N IR A A
S AR 1 4 TE L 55— O TSR A T ) B
DA G AR HL AR B AR BB ), 52 B IE A9 AL
il
4.1.2 BHEZATTERRTHIAEGERE)

Hor N A AL B AR S B BB (I AlphaFold
)R SR DI R B R 5 0 HD SR AT TR S
PRI TR . A3 s ] 1Y AR 25 4 L R AE 5 B0
PIvE S-S il A ORI T S BN Lt N
K— M a6 R ik B =y
E RIS S ) TR A 5 AT XE IR
R A 4 ) AS [R5 PR B Can 3R 55 L SCRE
1155 iR 1 A 20, DL SR 5 4 1e) 19 i1
TN CBR T 1] 220 1) 8 0 A L 58 3 [l 28 1Y) 235 4 4k | 3 o
] BB O
4.1.3 BB = ALK A B3 AL 5 o 5k 1 A3 B

FIHT AT 5 B 2 A BHIR R ) UL A% i % 5 Be
T3 AR B SE BT B S 5 7 58 P R RE 2 2 S 8
B, A ANHLO R P g & A B 8Ll iR 2R iR
oI5 DL KA A S A 0 B 0 R TR A T
EORIIYFSS " o ol o 4= W1 2= @ e ol RS ol B
4.1.4 A AT R A 6 TR o (R B

I 1 52 #: 3E R (Bohr) | Elicit., Scispace, Con-
sensus S5 TAUR M E AR AL TR 7EE R L
SE Y SCER A I A R S R R B SR b AT A
RIS 5 RIEATH H AW . 455 AL SCER& &
TR 5EGHAE & A S 17 4 o, &
A SCHR R B 5 25 A
4.1.5 HEHR AL L0 BT 5 G B

48 AT B2 5 8 70 A TR AR 48 37 55 AN [m] )
4R Al KA (DeepSeek ., 42, Kimi) . AT % B4
P SO RRIKT 6O L ik A AT TR
(WPS Al,Microsoft 365 Copilot) = KJEHI, E it
28115 7 A A B BSCHE 43 A RVECHE AT AR AL L SRR A
frid i [ AR IE T 54 ik AT BN BE 2 A 5 52 56 45
Rfpsenyis BT,
4.1.6 HFNCAIREN S EEE 5B XK
it 2D

48 Deepl., Grammarly. QuillBot % T. E., {Jf
e R T AT HEAT B I 6 AT A2 S A R A A



ATAR 7~ 9B ISR R ZH 0 T R A 0y o LB/ B =, A AR A

]

AR RS 5 S Jf s AT # B mi 4 AT RS
I s F) F DeepSeek 45 KRI85 {6 Word
% 5 S AR SEEE SC A Sk HE IR S R RE R
XF o 35 BRI | = R T SCHERR
4.1.7 HHb AL LB GEH B

A A ST R e, BOR kA 5 A 4% A 1R R
o SR, R AT SE eI H 2] L AT A
SRR R, 5 AT P A e B (] L, 5 Ak 61 B
IR SRS BT .
4.2 #HFBKX

WA IR G2 7L, ETU L
A B R R R P 2, 2H 5 TR 1 S R 2R AN AR 5K
IR FR . Hor 6 T ) AL BT AR B AT AL
ERTAEY AEMSE Al THANR i HS5#R
i) T AR 5 T ) A 5 R AR R R
PN S TR 55 AT AR AT J0TS B LB L AT SCHR A R
THAE R AT 3R 47 808 4k 31 5 43 B LBk g
SC A HERR 5% 5 T [ A AF 5 A Y 8 R AE TR,
WA ATIRBERIHE I M 2B ATARS &
B AR RN 5| LG .
4.3 HFIRAE

EHN S G 20242025 AR H BER R 5
e (R UR R 5 UF D 09 5 4 R R &, DAl
AR ZFRL LA 284k, eAh B % o8 1Y 32
G BB TR B IR R A AR S A IR R T H
A5 19 SCAR 20 B7 55 07 % ATRAR X 027 50O 1 B A

) R [l 3 1 A )5 0 & 25 (Retrospective
Pre-Post Design) ., ib2% A4 78 U2 45 905 [R) s [m] o i
HIAPPAG TR S AR BEREPPAG B2 R, SRk 1
% e Hip e I ) S e R . IR 10 TE R, Q1 — Q2
J 5y 5B Q3 — Q6 3 S 6T R P AE AR Y
PEZE AR Z CHRR)ZE B S HE TR A A5 R IR
AR B, Gl Tk AR [ ] A2 PR AT AR PR
Ja RAS TR IR G — PRET A 2218 . AL A ROR
Q7— Q8 VFAl 2 25 1Y 52 B ni; 2 JE R0 AT S o 7R
W], 3 S F2E ROR 1 H B AR AR Q9 — QL0 W HE A R
FW RSz Rk i I, TRl 150 6y, B AL
[m) 4 138 1y, A SFEAS 3 36 A\ SC AR VB TR B 55
22 B R AR

TEVRFEZ AL AT, th e 2k A PR, FI T AT T
B 5 4% G 00 PR AT 1R A SCER R 5 250 L OF K o8
H T BT R AR I H R, Ao B AR AR TR ST I

R SCHRZR R AT TR R 75 B 45 5 T 1) A2 4k R
H AR ZFHENARAEIE. 540, NS hn ik B iy 2%
A BERLAI 10 2 31T B AL VTR TR AT A
T U e 1 7 3 BRI 20 48T A A8 £k A K 38 B g Bk K
4.4 FEF R
4.4.1 AR £# K FWE/AEA

M Q3— Q6 Z5 Rk 1 fron, BA&Z T
JZ2 HCRE Z AT 2 R T ROR (Cohen’s d= (BRJF
PHE—IRETHIMED / BIFFREZ ¥R T 0. 8, %R
B, HAE TR, H AR S 5 55 A
GRS =E DA B E RO S

®1 NANEERITHGITER

$E RAIHE REHE RAEE BRE(Cohen’sd)
Bz 2.3 4.1 1.8 1.52

AR JZ 2.1 3.9 1.8 1.48
iR 1.8 3.6 1.8 1.61

Bl Z 1.9 3.4 1.5 1.28
B 2.0 3.8 1.8 1.47

Horp B TR R A SR 2 B REZ AR T R K
17 B A 2 2 T AH X /N AT AR P Ok B TR A A X
AT H AR JF P 42 57 B w8 2 A R RN o0 BT 2R R 4L o
RHHER AL T B H AR, 8 417 Ak
R XA B R ) AR N
AH BN SCHEBE 27 A 5% 27 AR AR B L b ) 1 J8 4 A B 3t
A RIS 5, AR B AT (] AP f0 T4 1) R, TR Ot
AP TR I 3 R T 5 55 Ok i S, X
AT Je 33 P e PR X , T HL R A AN 5 3 Sk, R R 2
MR TN, 22/ BBl A —
F RN 25, XCEE A B RS L S T ] AL, 4% 4
BEER TR A 5y Ab 1L B 5 AR BB T SR e
Y1, 3t H B4 5 R L5 R O v5 10 L Bl , 3845 5
Al T Hah ABLA TAERRS . N 45 4 B 42 39 08 T
(S R

MK R F 51 T2 B ARl AT 1938
FedR B AR A RE s A B o B AR S, A 2B v A
BB A 20 RR A EREESRK. O &
TFIR 28 %0 s He A R, TR 3 09 2447 L 1%
s R BF O AR G| 65 T R
4.4.2 HHLEATHBREEE

FEMRFE AT, 60 1 S IR FE I 2% R 22 1

115

=W I20¢

S AR XD RO



&= e W 920¢

XU N WD R

]

ATAR & 7~ 09 96 38 R RO W T K A B FoF LB/ B L A AR A Al

TRRRIH A rh A 57 Oy A AR A2 BH B LR Ml 7
AT T 5L (A5 0, I RE I 0 b i S8 AT AR i
WA B JRRME . A A28 R AT A BN 2
M2 S EAT22 R AIE =5 S IR L I 78 $R 2 P B
bR TR 28 ALY A B, OF AR AR SEB1T 7. B
BT HOKE ATAR 2 57 Hh i dik M PP Al 7 9 Ak Ry 2 2R
SR NS 17 8 R W = NN -9 55 ] 7 O
4.4.3 BB E SR H D RN ER A

B S0 B Y B B K R B AE R IR A 4 T
Lo Z5UIRM A8 0 55 8 2 2 B Y (5L
R TR VR B 7S (55 VRV €8 At T 7 SRR A 22 L 25
RG5O IR AR R0 T 30%0—
50% ., WEEEME, FOF IO AOMOR T A R A
BRAE . TEATH = G S ) R B b (S R
B, 2 R LLM A7 85 2 B 3k il U2, 5
AL B F s ta e, = 7 — it s A3
B FE R AEL . 91 G, — 57 N SCAE R 43 35 i it - A R
AT 20 BT T35 1 4F 20 85 50 5 8507 N S 38 STk
RIT — A0 Z AT A, IF B & Rk
F OIS SCIF I . X R, AR BFHRAE AL
EUORTIE R R BT R .
4.4.5 LE ARG ¥R E MR B

S HEHFN R RS T SRR AR
BT RESZA I, HUFN L RBHA AR 4
FHHEQEAA R RS MR R TG . e R 2
PEAT KUK 48 Ak B % BT RE 24 A= 38 2 ) 5 SO
A3 AT 5 HE PR Y SCRE 2 A 0 RE E HE 22 N HR B A5
HHGRFE IR T BH S, G, TR
XSS CRCHE 43 BT ) 2% 88 e T T SCOR 2% AR D A A8
He = (B R A ER S (BRI () h k3 E £,
X R AL B BT, (15 205 9 2 R SRS T X R
7] 2 Bk (8 B IR A5
4.5 B 5B E
4.5.1 B EEREkHF

HE AR R A &0 5 RS S E R
WFJ 0BG T K SRR I A 22 5, T 2R
R4y 2 5 2 er o T ) 5 B0 9 A R 2 B
Fof ARG AR S 445 i 32 el e SRl R BT T 2 R
BRIV FE 0 167 SR 55 14 5 oh R s 42 RS HR 2 SR
CONZA SBERE . TAEY) s 5 S 0l 1938 , 8% Jilh 72 /N BR v
S AT T H . T ) B A 5% A 5 22 IRk B ER AR
AU 8 N 375 L 21 AT+ BHIF AR 33 45

116

3 TR S B B R R P A B S g
At B B T ) 3L TR A A Y A R R R TR R
40 vR G N 2 A9 I hn s A2 #OE s 1 ) N SCHE
TR e 1) 305 5 05 B R Bl A0 S 4 4k
4.5.2  suiR E e Bk

FEPRWE 0] 5 i LA A oA 4Rt ATHOR S
T A 25 AR B i B A TR v B A G
PR DGR . X EOR — 5 AR NS b Zi
SE— AN A TR AL N — R B PR AR T A
R RF SR R N A AR T R X B A AR R i
A REE I RE Ty TR R s Dy — O T AR B
BT EERR TR — 808 2 0 2 L TR
v sRAGES B 5 AT UMER S B R 4E T X o fa) @
TR BE T BT A B S R SR X A A K
TE AR b iy 2 PR 45 72 B A €8 1) O B P A
4.5.3 WAk R o AL

W] BE 27 PF Al 27 A A AT S5 BY R 58 15089 78 M 5%
AIF 5T R Y S A PR A R TUBR = — 2 Y PR
fEg A F B OO 2 LA X AT A= B N 25 1 Bk K
T TR FB I BOE VPAG I 2 T AR AR
WFFE BB AR S ik B AN AT TR A Y
BRI
4.5.4 W®EAFOHEM K

JUE SR AR BB I B R A H AR SEBR N
“HEE 5 CRE TR  RE B R AR AR . R Sk T BB
GRS ST A B SE LA, [R5 45 )
A LR E R RS AT 48 R S e R R B
0 Ry A AR M B AT R v

5 45iF

N RE A TR W IE LART T R A R B 5 TR
HIHRA T SERE M 25, ASCHIRER, EEX
X — WA R B, A SORUE T AT RFRS
PR SR K IR AE R EE B M T
—WEdE T AR R FBHIE N A BE T 38 BUAY “ ATAR R SR H
P, S F 5 8 BT 43 5 5 9% B AR i AURHIIE BE O i X
ARt TIEW R B AR S B, S RIE X IR HELE
A SCTEANFI BT T WL R A R R PR AT IR
RE T H BRI 3l 7 (10 2802 5 B 22 9] AR A5 1 AR I
A AR SE T IZHE SR (A Sk 5 R AR

HAT, ATAR 2 IR0 BR85Sl b 1
AL B, TN A RIS S 4, BT AL 1A S



ATAR 7~ 9B ISR R ZH 0 T R A 0y o LB/ B =, A AR A

PN B I [ B A (B . TR BF R SR e N
Fa D IVAS 5821 AN S R 1 R R E SR NAR 3 Y
B SCEEBN B4R 405 0 AT BRI S5 . X S B
ATAR ZK 5 HH [ TR A 14 B3 52 6, 2 AT 5 Y
Pl 45 5 A RE AL IS A [l U5 el BIVAR 557 A A7 ) 2
Z B

S % Uk

1

wl

10

11

12

7= [ AR, 2 BRI A s T g AL F O i [ ], B S, 2024, 42
(10) :40—45.

ZEE A B BB ABF (AR 58 TRMIF S 20 LT 0. b [ B 2% B B
F].2024.39(1) :1—9.

LR N TR REBH B g b, REAENT R R R AL
F5 (2024 FERO LML BTN < W7 IL RS Rk L 20240 7.

BRI SR AR BRI, SF. B IR N T RE K IR N L HE
05 I AR L) ] v I P AR 2 4, 2024 ,50(4) 1 71— 84,

UNESCO. Draft Al competency frameworks for teachers and for
school students [ EB/OLJ. [2025 — 12 — 24]. https://www.
unesco. org/en/digital-education/ai-future-learning/competency-
frameworks.

X R E B 3 TR AR R IR0 L A5 R R I R
[J]. 431 4R T4, 2025,69(13) : 83— 93.

A 58 U, SR L N TR B R IR BT 5 A b
LT, B8 . 2025,45(2) :42—50.

HUWAE AR, RN, . SRR PR E A TR R RAE
PAHEZL R[] ], B A R, 2024, 41(3) . 27— 37,

A BRME. ATSR ) (BB S B B B M R AT
R SHE R[], BAME 243 ,2024,43(11) . 20—
33,10.
Hibbert M, Altman E, Shippen T.et al. A framework for AT lit-
eracy[EB/OLJ. [2025—12—03]. https://er. educause. edu/
articles/2024/6/a-framework-for-ai-literacy.
SRS BRI FEM RS R R AT R REFNE
R AL/ OL] A3 44,1 —17[2025— 10— 16 . ht-
tps://link. cnki. net/urlid/31. 1108. G2. 20250218. 1330. 002.
M, ELL, M. RUAAELERMIFEIHTIE A AL R R
B LUK T AR B AR A ] [C/ /B8 e 55 2 A

]

P A5 1 i TAEFE 5 28 51 43, CALIS B b, 13 38 30 K24
oA, S/ B S IR A5 RIS IR e SO, T ARAE
2025 72.

13 NgDTXK,Leung ] K L,Chu K W S, et al. Al literacy: defini-
tion, teaching, evaluation and ethical issues[]]. Proceedings of
the Association for Information Science and Technology, 2021,
58(1):504—509.

14 Wong G K W, Ma X.Dillenbourg P, et al. Broadening artificial
intelligence education in K—12; where to start? [J]. ACM In-
roads,2020,11(1) :20—29.

15 Ao, E5 B FEE. BRARERFRFBEFRUFTRER] %
B E I SRR .2017,36(3) : 207 —211.

16 VEREZ M /INGH . Bt A SEREVERHIE3E 35 08 AL 5 4 T I A S
HEAFSE LT W58 A & 5T, 2021(4) £ 31— 39.

17 Al b, B R T. S TRHE A A B 3 75 A8 4 2t 5 48 T Bk
L], F A SR A E . 2025(1) . 15— 23.

18 Hey T, Tansley S, Tolle K. The fourth paradigm: data-inten-
sive scientific discovery [M]. Redmond, WA Microsoft Re-
search, 2009 xvii.

19 BRAHE, MR, BARLAE. BB ST A AR AR IS L
. P ERE B BT 2020, 35(12): 1470 — 1481,

20 ZEHIE. LRV AT R AR AL B IR B 3R« B A
AA”[EB/OL]. [2026 — 04 — 307]. https://www. ict. cas. cn/
xwgg/mtwz/202503/120250327_7566095. html.

21 Stanford Institute for Human-Centered Artificial Intelligence.
Demis Hassabis[ EB/OLJ. [2026—04—21]. https://hai. stan-
ford. edu/people/demis-hassabis.

A Tk B

M A LR BT 515K
VoAV A I A5 R
WA X FE G K

VR BAL . 3T K 5 B 548, 3T AL M . 310013
ks H 1 .2025 %10 A 20 B
W H M. 2026 %1 A 15 8

(REHHE .

Exploring AI4R Literacy Theory and Graduate-Level Instructional Practice:

A Case Study of Zhejiang University Library

SHAO Boyun

Abstract: This study addresses a pressing challenge arising from the the fifth research paradigm, Al

SHEN Lihua YANG Liu

for Research (AI4R). Existing discussions of Al literacy and research literacy often proceed in parallel,

117

< P4 = w9202

XKD



R =ewm9202

X RN

@ ATAR & 7~ 09 96 38 R RO W T K A B FoF LB/ B L A AR A Al

treating Al merely as an auxiliary tool for improving traditional research workflows and fail to fully reveal
the deeper transformation from tool use to human-Al collaborative cognition. In response, the study aims
to propose and conceptualize AI4R literacy as an integrated competency for researchers and graduate
students, and to develop a theoretical and practical framework that can guide literacy instruction in Al-
empowered research environments. Methodologically, the study adopted a mixed approach combining
theoretical analysis and teaching practice. First, it reviewed and synthesized relevant literature on Al
literacy, research literacy, and the characteristics of the AI4R paradigm, and then analyzed the coupling
relationship between Al literacy and research literacy across seven stages of the research process, including
topic selection and innovative conception, literature review, research design, data processing, data
analysis, academic writing, and academic norms and research ethics. On this basis, the study proposed the
concept of AI4R literacy and constructed a four-layer pyramid framework consisting of the conceptual
layer, the knowledge layer, the skill layer, and the innovation layer. Second, the framework was applied
and tested through the “Intelligence-Empowered Research Journey: Al-Enhanced Research Activities”
teaching series organized by Zhejiang University Library. The framework was translated into seven
modular teaching units covering Al ethics and norms, Al tools and prompt engineering, Al-assisted topic
selection and research design, Al-enabled literature review, data analysis, academic writing support, and
practice-based application. To evaluate instructional effectiveness, the study employed a retrospective pre-
post questionnaire survey, semi-structured interviews, and textual analysis of students’ course project
reports. The results showed that students achieved significant improvement across all four dimensions of
AI4R literacy, with large effect sizes observed in the conceptual, knowledge, skill, and innovation layers.
Qualitative evidence further indicated positive changes in students’ research behavior, including more
standardized disclosure of Al use, stronger critical evaluation of Al-generated content, improved research
efficiency, and enhanced capacity for interdisciplinary problem discovery and idea generation. The study
concludes that AI4R literacy is a compound competence integrating ethical responsibility, interdisciplinary
knowledge, human-Al collaborative practical ability, and Al-enhanced innovative thinking. The proposed
framework not only provides a theoretical basis for understanding researcher competencies in the AI4R era,
but also offers a modular and adaptable pedagogical model for university libraries and higher education
institutions seeking to cultivate responsible, critical, and innovative researchers in intelligent research
environments.

Keywords: AI4R Literacy; Al Literacy; Research Literacy
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