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abstract

The purpose of this study is to establish an automatic learning support method per-
sonalized for each student in design education. For this purpose, we developed a dialogue
agent that automatically supports learning by generating personalized advice for each
student using a large-scale language model, which has been remarkably developed in re-
cent years. Specifically, we proposed a method for automatically presenting advice on the
use and adjustment of learning strategies in self-regulated learning based on the learning
status of individual students.

In self-regulated learning, in order for students to learn efficiently and independently,
a continuous cyclical process of improving learning strategies is required for the three

processes listed below.

Foresight Planning a specific learning plan
Execution control Self-monitoring during execution and adjusting the learning strategy
as necessary

Self-reflection Reflection after the activity

Especially in design education, it is important for students to acquire the skills to
independently carry out learning activities when they reach the stage of working on
individual themes. However, it has been recognized that some students are not able
to engage well in independent learning activities and need support. Therefore, specific
support for learning activities is necessary to prevent learning difficulties and setbacks.
However, it is burdensome for teachers alone to provide support for learning plans and
reflections based on the themes and situations of individual students, while simultaneously
providing individual guidance and facilitating classes. Therefore, we aim to realize a
mechanism that automatically supports the use and adjustment of learning strategies by
capturing the actual learning status of design students in their self-regulated learning.
However, simply by objectively capturing their learning tendencies and automatically

presenting the most appropriate standardized advice and materials, we have not been



able to support students in accordance with their individual learning situations.
To this end, the following studies were conducted to realize qualitative and student-

specific automated advising.

Chapter 3 : Automatic advice on learning skills for learning execution phase
Chapter 4 : Automatic evaluation of learning skills based on students’ descriptions

Chapter 5 : Automatic generation of advice that follows individual student descriptions

In Chapter 3, we propose a method for automated advising of learning skills for learning
execution phase in order to support the learning execution phase of self-regulated learning.
We evaluated a method to support learning by automatically listening to learning status
and providing advice to encourage self-monitoring and the use and adjustment of learning
strategies during learning activities.

The results of the evaluation revealed that the percentage of students self-reporting
that they used learning strategies to track the progress of the assignment process in-
creased when limited to when students responded "rather unlikely” to the prospect of
achieving the goal. However, the effects on most of the learning strategies could not be
clarified. Therefore, further analysis of the results yielded points for improvement based
on the interrelationships among the learning strategies. The new hypothesis, based on
a detailed analysis of the experimental results, posits that dialogue that makes students
feel proficient in what they are learning will increase their strategic behavior, such as
understanding the progress of their learning, reflecting on their learning, and devising
new learning methods.

In Chapter 4, we propose a method for automatically assessing the learning skills
of anticipation and self-reflection of self-regulated learning from students’ descriptions.
Chapter 4 is the premise for the automatic generation of advice in Chapter 5. The evalu-
ation results showed that the rank correlation coefficient was +0.815 for the specificity of
the description and +0.876 for the degree of stumbling compared to the teacher’s manual
evaluation. These results indicate that the performance of the model is sufficient for
practical use. However, there are some issues, such as the fact that the estimation of the
stumbling degree cannot be done in some cases considering the history of the stumbling
degree.

In Chapter 5, we propose a method for automatic generation of foresight and self-
reflection advice that follows individual student descriptions. To support foresight and

self-reflection, we proposed a method for automatically generating advice that encourages



students to use and adjust their learning strategies by analyzing their learning plans and
reflections and increasing their concreteness. By applying the rubric-based automatic
assessment validated in Chapter 4, the method automatically generates advice based on
the scaffolding and scaffolding removal phases. Specifically, we propose the following:
a method using zero-shot learning of the large-scale language model GPT-4, which in-
cludes themes, task information, and rubrics in the prompts, in addition to the student’s
description of the learning plan and reflections. We evaluated whether the automatically
generated advice was understandable and acceptable to students.

Analysis of the student evaluations revealed a mean of 5.27 for conformance, 5.16 for
comprehensibility, and 5.0 for performability on a 7-point scale.

However, it was found that the use of themes alone may produce advice that is easier
for students to understand than the use of themes and task information together. On
the other hand, when themes and task information were used together, the clarity of the
advice for students decreased.

Therefore, as a future task, we plan to investigate a method of generating advice based
on themes and task information separately, in order to provide students with easy-to-
understand advice.

Based on the above, this study identified the following three methods for automatic

support of self-regulated learning in design education.

Chapter 3: A method for automated advising of learning skills for learning execution process

A method of automatic listening and advising on learning status using formal
sentences and decision trees was shown to be feasible only under certain conditions.

Chapter 4: A method for automatic evaluation of learning skills based on students’ descriptions

A method for automatic evaluation of learning plans and reflections using GPT-3’s
fine tuning was demonstrated to have practical performance.

Chapter 5: A method for automatic generation of advice that follows individual student descriptions

A method for automatic generation of personalized advising for each student using
GPT-4 was shown to have certain potential.

Regarding the support for goal setting and strategy planning, the possibility of
automatic generation of advice based on automatic evaluation using the GPT-4 in

Chapter 5 was demonstrated.



self-reflection
For the support of self-evaluation and attribution of causes, the possibility of au-
tomatic evaluation based on rubrics was shown by the automatic evaluation of
learning plans and reflections using the GPT-3 in Chapter 4. For the support of
self-assessment and attribution of cause, we showed the possibility of the automatic
generation of advice based on the automatic assessment using the GPT-4 in Chapter
5.

However, the evaluation of the automatically generated advice is limited to the results
of the student’s reading of the advice content and assessing its suitability, understand-
ability, and actionability. Therefore, it is not clear whether the automatically generated
advice actually improved the students’ writing, or whether the students acquired self-
regulated learning skills by improving their writing. Therefore, as a future task, we plan
to empirically evaluate whether the students actually improve their writing through the
automatically generated advice and whether they acquire self-regulated learning skills by

improving their writing.
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GHECHR
@FEDESIL
OFRE B

102 ¢ > SRLO6
HIREN  {RIEAIAERS 1Rk

[3.19: JiMEH B8 & 6 5h /8 X — 2 102 & sSHE AT

OBEEE'E=SYU>Y

J—R EIRAS MWEEINGF—> HI> b
BREMDRIAG | —F o< TEESITRL) 101 6
EEBMNEVNRIETEEDIC/AL 102 10
—EE5EENRRN 103 14
—EEBNEVNRIETEED 104 24
— k< TEZED I05 1
—ETHELLTEED 106 1

(FEGRETHEZ 2[EEMULLERO 5 4E8) 556 1
AREBETRERRICIEDODTULE 34

[43.20: XFE/NEZ —2 102 HBB O R Tk
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A, B, ¢ | A
3 e | mmEme
aEmnBicETsp| HEAs—y p FRURUER leaimmicmys
RERT7 4 — b | | | E=2EBR7 4y — b
iE/EMIE = (Ai+1) (Ai)

23.21: JiREHEIRAE DS LTIk

i=S5RERX A7 A

F3.11: el 1: AR L & S 20 SEBRIE B 0] EL i

ML BB R LLER 52 RREAEIRARELER
S o | pfECrobsiz) | METE | BREFS | pfEProbsiz)

SRLO1 0455 0.3 0.586 27 30 0.394
SRL02 0.091 { 0.0 0.664 300 3.0 1.000
SRL03 0.727 | 0.3 0.768 341 37 0.560
SRLO4 | -0273 ¢ 06 0.223 29 35 0.024
SRLO5 | -0273: 0.1 0.625 361 3.7 0.798
SRLO6 00 1.1 0.034 25 3.6 0.003
SRLO7 00i 05 0.274 241 29 0.138
SRLO8 | -0.273 ¢ 0.2 0.168 341 36 0.343
SE01 -0.909 i 0.3 0.008 271 3.0 0.193
SE02 -0.727 ¢ 0.3 0.013 34 31 0.279
SE03 0.0{ 05 0.631 24 29 0.299
SE04 0.091 : -0.2 0.577 28 26 0.443
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#3.12: & 3 NGNS E = &7 v — NEHEHOMHE

ID HEH Tyr—b Ef JEAMHEE piA
Lo2 7 SRLO7 54 0.3387  0.0122
102 10 SRLO06 54 0.3105 0.0223
HO3 9 SRLO05 54 -0.3185  0.0189
NI AV s I —H 2R
LO2 WEDEIAREDOMNGTEL LHEENEVRIEE
HTIRBEDOEY MAIZIE FHTEFTHARN
ERHEETHETTLED
Mo
102 SHOFEEFKEEIZOW EbLH50EVWZIET
TEDEBRIAAZHAZAT JTLIITHV
<XV,

HO3 HEZEDTHSEHERD EHHNEVRIET
DETH? KGR INEANA
#3.13: SEhRE D SRL HH B DO FHES

I vs. B8 BEC JEMIMHBE pfE
SRLO5 SRL06 54 0.5213 107! A
SRL02 SRLO7 54 0.3235 0.017
SRL04 SRL06 54 0.2882  0.0346
SRL0O3 SRL06 54 0.2798  0.0404




% 3. ERXZE D HEMARZEERWOE S &7 RN A

#3.14: Iz V) &Y FiEk DL

[l 34249 & Rl

TV AV NOWFRE D) T MHET D
RARBRERDITTHEREZRAD &
R—=)=710 h & A 7% Ul DK
ANl

@N))—‘M

1 REPRIEK
2 Hhgall
2 E<bnoRw

0Ok W|ZE O W

#*3.15: 7 RS AF ML Sld A DO EET

FYTLHdHY)  FEITIEBARL
T RNAA AHRH Y 74 (70%) 31 (30%)
T RANA AR U 21 (48%) 23 1 (52%)

#3.16: FLRNFIZZEAL D o /o & HE T I 7 FHH

|

FHEE R RUIBR A

D 1 AU RENRTERL

D 2 »Y IV AY OWFREDP) T HETD
D 3 »Y BENSFELELES BRIBLU 2T

K317 AR EE SO [1] 2 FEMPMEIEL THH

Aok ZZEAGR R MR pfE

SE03 SRLO5 110 0.5169 107! KW
SE03 SRLO7 110 0.4406 107! A
SE03 SRLOS 110 0.3211  0.0006

SE03 ok, ZOFRENEPRETHL RS
SRLO5 HEOMBEOHEDRINEZMA TIHEL TV D
SRLO7 HEDOHEIZODWTIEY R 2175

SRLO8 MEND EKVNBRVEREU AL ETTRLTVD
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A ~r
4

=

GPT-3 ZRHWAFEFTEERYRY DE
i

41 FEFEEEERYIRYEROFTM, BT, BHIEITL

HAHFBFZHOFREADARIIDOWT, ZEAXFINVOERBIZH >/-HEXEZEH TS
72DIlE, FEENGR U ZZEHFEEIRY R OFLBANEZ AT, ZFEAXFIVOBEE%E
HEIFHI S & FENBETH S, TOOIZ, KETIEER 210FEIHEY AT LR OIHE
Hb5 IR U7, ZHEDILBNENSFZEAFIVOHERHEOFELZ HEE L 7.

HOFREPHOREAEL LT, YEHEHGOFEHRNZEEIE, FEAKO T L%
R FEE UT, FERUNOIRYIKRY & FHEHZ LRI HENRDB.

ZDEE, FHEMEBMOGEBANFITIN U BN XENERETH S, HAMBEEHO—#
MRZBEFETE, ZEHEOH B ZHORERNITIGUT, EENIXREBIFT L 21T
5. BBIFT U, BB FHOHRAEZMETZ0IZ, FHAREZEZTEHZRET RGN T
&, REEBEBEIIHNLU TS FENDD.

FAAER OFR NN U 72 BB R BB S R 2 BT 5 720121, FEEER U 2%
HEHE &R Y IR YD OFLBRNA % BRI  Fik L, IR HEEHMEO M E % Ji 2 2 FIEN
WBETHD., TZT, V=TIV ZIZEDOTHENFMULUAZN L —=V T F—&IZ&o
T, 774V Fa—=V T UAEKRBESHEE T VE G ZBERHMEFEZREL -,

FERTIE, FEENGD U 2 FEGF LR YD B YD OFENEIZDONT, V=TIV v 7%
WCTHEMNTHI U ZfERE, 774 v Fa—=V I UARBKESEE T VEACZERZ T
[ YO

HAREIILATFD 2 22 HE T 5.

1. GPT-3 2 FHWT, EARMELEIEIZOWT, HEOFH)EHE 2 Bk U 72 B B3 AT
5.
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2. GPT-3 CHEIGHE U 2% FAWTREGIET U HEINICETE 5.

PAFIZ, Bife & B39 EEMITB T D5 & G, BT UDOBIGRE HEM: % il
5. TUTC, HEFMli 2K T ORFHDOEELE Y AT AL, BAEOHNTH S HE)
FEAM D B ENEIZ DWW THIAZ 1T .

411 BAMEEIEZTMI22H4EMN

YR LEFEO BN, SLU, EIEOFHMGE UKITNIER S RWELHIE, FEDOE
W ZZEDOIZ, EOREDOXENBRELZONZHMTE20THS.

VT4 VBETIE, FEENHERENOSIU CTEBEE 247D I1ENIZ, SMLKW
REREIZ B 1 2 AR AR FEEE S EE L 25, BTARNAREEEX, AEOFEIRN 25120
BUT, HEOYEAKEECHBEL TV EING 24,9, DY, AV I VEERY
HDREE FRN R FEEHNRD SN D FEERTIE, ZEENHGOFLE R % LR U CHtE
FICRE L 232 C, FEHEHZHFHEL TS ZEREETH D [25].

RV IR Y &EHEPAEARAICER T E TRV EEE L, BHOFERAOTECFZEDOR
WUDD ELTETHARY., ISTEFHEGOEZIIZELGIMMT TV RN LR H D, LN
ST, #RYDEYD LFHEPAEARKICGEHRTED LD KEETOLENDH D [26, 1).

412 REEBMNFERZIIT LOBEMN

YR PEEORIE, FEEVHGORNEZBKREZMEL, FEHOTLZMET [25]. &
BT U, FARKRIBIRP T RZ2EBETIHEL U THETHD. L, D EL<iddh»
TEIRWVEEEFIE, BENPTICLIERLEPBETHD. X512, HEIZ XD FEFHIb
PN & B HBEIEMED 2 0D121F, TEZRY FERWDERINAZXETHD I L
HELW. ZOAEDIZ, BENT, BBETUETIBELDH D,

RGNT RENTIE, —EOEERN GO0 R R EL U, TDRHIZ, ik
DR Y RFHEIZOWT, b MRERLE, ERXZHWT, HIBREORIZHTIED
il XS, DFY, MREDLSIEHBIANINDNOBVWEEEFENLGEFEH
RIZFHAND P TVTF AT —203H( 605, Lrl, BIZSETEDESET5
7= OFEEFMB ORBIZIE U 72 EHR B TR Z2HETLIENE H D, TDHIZGER
WEDRIUIIS U 7= RIGIET L2 pEE T 5.

RGIETL RGBT U, ZEEMBOBIRE TXEEALZERLZHED5 2OOHEL
Uz, TOHIZ, BHEARMZHWS Z LT, ZEHENHIORMN 2 BIE U 7250d
IED. 0FY, FEHEMRMOFERMIIIGU THBIRE TREFALZTF AT —4
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= | APDTH—n3< [ s | [
D | AnTH—12< % o [y F
o1 B | anot—n1¢| B || i~s
= D J Eil
| - 7 ot |
= @T #A | U Rt | L | T
Hﬁ _:_J
| BT R\ X :
""""""""" Before
After
= | ANTA—L3 < - sommaE | [
\D ANTA—=L2 & % Ei%(;: L E
= 5| AnvA-n1<| 5 Lv.1~3 7)

33 . v = — R = ?:F />
2 | 5 |THerrmRe 3 WEE (¢
[I=]] - . A\
l__;i_ SCA ] 2\

] AV kb B

M4.1: FE RO

NELND. LML, BIZHTIHESLBOTF AN T —ZDOFEHRN % FHAID
ZEMIEE L. £, M2 EDE D ITHBRIARNENDNSBZVEEHFIZONT
iF, BAPERUZNT -2 280 RENEED5. TOAOI, FLBRNAEDRIIC
U7zt e EL 5.

BB, HFAETIX, BE»F, BEHIETLOZ UMD, FARNATANTESSELD18-
FMEIMOFMIZONTIETI TR, SBOMERHRETH 5.

INSDREGMNT, BRGIFTUIREHEMINOFZZRIIZIGU THM T2 Z e RERE L
n5.
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413 HEBLZEATLOHE

X 4.11%, EHEOPFAFKL TV DIFELIRTHD. M 4.10 LI REFIEELE R, T
MEEHERT. FEHLIE, DABRUAZELE 1] 28ET5720, ZFHEORYEY
LEME DR DB, B L UFLRITE D FERDIE» S HAFHB 2 B ITL VAT L%
BIFEL TW5.

HARMIZIE, PEEORYIKRY LEIHOLEL UT, 3 205IET L L)L (Lv.1-3)
EREL.

L Lv.1 XEPFE. Ay bPddNAEE Y R— b,
2. Lv.2 IV FHE. GURAAEICET S b MER.
3. Lv.3 XA, FEENH TR,

¥ 4.21%, K 4URUAZHEAT 7YV OEETHD. M 4.208HT TV IZREFEDOE
HHIZRTHBTH Y, FAROEBRIMHEH I N, XM 4.200 TTASK| 2#E L EOREL
NTHB. EHT TVIE, BREFEOHERE L FHLBRELKEE LU Web 7 7Y TH
%. [TASK] BA# o TIMAGE] TCASE| TEST] &, REFETHZTIZINYA 21—
VEEWET B O DBERERY — VA 5. [TASK] 1213, ZELEL LT, KYEYD X
B DFLA, BLAEEDORR, SdRNAEDOHIIR, 77— MNalg, HEL AT 2 EHT LK
BEZEfiiA 5.

BEE, HRYEYD X EORE M 4.21257% U7 TTASK] KO FPEEBNICERI N
B2ANT A —LIHTD. AN T A—LE3FEEH Y, BENFFEEMMINGEE I N
GBI UL~V (Lv.1-3) IS U CERI R INDS. 2BIXT LRI EITHERI N
AN T A —0 (1-3) OFNXTIHIEER GIETRT.

RO PFHENI I NZERARITEMR T 7YV IR EI NS, HE, ROFERO L
GIET UL NIV ERETD20ERT 7)) AICRFEI NGB NEICDOWTH L FEE
THEMAMEOFMZ1T>. TUTC, BERDEILSUTHEEZEIZT RN 22175,

414 BEFHmOLEN

410 EFIR T FERHIC & 2 FEZBEOEMIZOWT, RERLEDHEHAERIND
RETIE, ZEENS L, IHICHBOREZHEYTLIARICLE>TEZREAHELE RS/,
ZTDEOIZ, FELEDZODT RN ZZOWTHBAENSWEE R ER/NEE Y,
RRTDEAIVIVNEND REDRENEL -, T2 T, PEMMINOZFZE L FEEFRFELD
DHEDOEHEZEPIBRNZHOIZ, BGIET UL IVOEERERIRT DT RN ADE
Rz QEMLT 2 AENBEL RS /2.
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MENU  IMAGE  CASE TEST .

TSI WH AR SR

MENU 001>

IMAGE : 72H)IBARX—THEAT DEGR
CASE :7>23>VU—-TERTDIT—H
TEST : FT2HIBAR—ZO8ETZ B

TASK #RDED - &5tE, 7>o—b, IRXOER

!

REE1 B2 RE3 SREV

SHORE

FERE A L3004
FBORNRD - 5@, 72T-MEIE. JRVBFZECHD ?

FEOIROIRD - 5B 7> —Nal&E HRDIEIE

I
! I
! I
! I
! I
! 1
! I
! I
I
| IRDIENELEY . AIEILEOREEDHEH OV, U FOBEEYEC :
: SHlELELLD. [
I
I I
! I
! 1
! I
! I
! 1
! I
! I
! I

1. giEIOsTECH U TECEFTTERLED

2. FECHDHATC—EEELECER

- SRR $ $ $ ZZZZZ 2 —

[44.2: FAFEH D S B

41D T, HEML U2 SOFELEZRT. FEEORY KD LFHEOFRNE
o BAM S ERZ AERHTY 5. HERMIICE > T T 2 DOHEEZ KT 5.

1. BP0 BB, RGIXT ULV NVOBEBEREZITD 2012, FEENGR U 2R
DIRY LEFED S BN 2 BRI 217D B ERDH D, TDHIT, IRVIED 2#D
LU 7= 4 HH L3t 2 Ml b U 72 4 IHEIZ DWW T HAAKNE 2 HE)FEHId 5. T OGEHE

& TRBIFTUL NIV ERET D,
2. I EOHBFM. SEROMETHLT RN AHFRIREBEADY 77— HE)HE
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FREOHANS | EAEEMIEE | | 240 s BEATHMECHERME
< ARDED 4TEE - HRDE D BRI o ¥ \
(EBoEoED o BEEHE ) BHETL Ly ZBIER
(EEoEDED o el - o o
(mmoEOERD o AEEEEE - izzzgt?;:&
YT L pE—— AR g
(BBoRoED A GuRE L eyl
- FHE4ER - GHEEEMETE
(_BmostE -  BEEtE }%*{THK4XEQEﬁ+$%%
( meoitm o  meEtm o ;
( rmostm - AEEtE
(amostm o awstw o L2 g | EEER
”””””””””””””””””” O T ——

MeRBT D012, BIE2zATFMTILENDHD. TDLOIZ, KRVIKRY 416
H &Gt 4 HEH O 2EDFEENFITOWTE I EZ HEFHIT 5.

PLE2O0OHELZERTLZI LT, XHICANT A—LDEREFAIZEHEMINTT
RN AZHERRTDEILEHEBITED.

¥ 4.31%, X 4.10 FEHIRU 2 BERHMEOFEMEZ RS, FEE DR TR IEY LGt
HDOFRAAE, RYRY 4 THE, FHE 4 HEOG S HE THKA I NS, X 4.3 IR
UZZHEOBEIRHGZ ZH T2 720, FEORYEKY LEHEO 8 IHHE DR NAEN S B
M B X & BN I EHES D FEPEE 2 5.

Z 2T, HHAETIE, OpenAl OABUESFEE TV GPT-3[27] OHEYE%Z175 Z L THH)
W72 5Tl % SEBLS 5. HEIN R 2 BT 5 /200 HEEHEIH T 7 V%, GPT-3 Ol
FEET ) curie 8 NV —=V VT =X THFET L. BEELUAZAHMEHE TV EHD
2L T, FEEOIRYIRY LFHHEOFLRNAEN S BN & X % HEIFHES 5 k% 2
£95.

AL, BEEHMEAT TV L D BEIFHfO AR ICOWT, ABEEHMEHE T IVICE S
H B & #E T & 2 FHEFHMN & ik U 72 BGEE% 175 .

FATHIZE T, AT BT DIRA 2R U, HE Ol % Bk U 72 B B3R %12
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FBPEDIR GPT-3
IROED - FHE BRIFBETIL curie

| No—=205F—4

it
—
I

== 9 Gt . e
1SianE GPT-3
HMBIEE - Hi BEMEREESTIL

X14.4: HERHE T TV DER

GPT-3 2 W2 M2 Rd. BEFIETE, HEFMEE S V2557200 GPT-3 D
FHE, No—=V T T ROERAEEZRT. REAIETIE, EROBENS NL—=V
Jr—2&, 8L, TANT R &G LHEERZRT. FHliGIETIE, REMGEEEZHWTH
BIREAM U 72 =R T — X 2 WEET 2 HiEE Y. EREGERTIE, BMAMED B B EAAHRE
R¥8 40.815, ¥ X E D BB NEAAHBIREL +0.876, RIHIXT LU L LD HEIEE IE
NIAERBEFREL +0.804 DMF 6N/ 728, TNOHDFEME, FEMA—E U 2 HH| & AR E U7~
HHERT. BETIE, ERERNOFIAZDOARMEOHN 1 L 22 HIEERKTEITH
D, EHIZH A2 MRE L fEm L 2B RE, BEENLHEONAZSHOREL RT.

4.2 #xYiRY DS D E KM & B S R

FEBEOIRY B LEHEOFBNAE» O B S EZ HEFHMIY 5. AT 2 D20H
Mz EBT B0, KBBSHETETVOBRFEEHVD FEERETD.

L BARVEC B EIZOWT, BEDOFERHEZ B 72 HEFHEATES.
2. BEFHI U 252 VW TRGIET L2 BENICRETE 5.
421 BEFHERETIVOERFIR

%44@ HERHMHE T VEROFIEZ RT. M —=v T TF—4&I%, FEENEL
FEGHBHOIRY B D & FHEANAIIN U TR BE D TIEZE T REAM & B S 2 5
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#4.1: FEO TN L 2 BAMERHOH] (k) &EY)

Rk YR Y Fld B
—JBEHUZFIE, 7Y Yaryy)—2EKT 5
B, AIRIDFEE LU ZEAEP T IRV
BZI2ZDT, EOLIITERLAZL, F&EL
DT 2 ME R BN OMER L 72885 28
—HEE U 7=,

IRB Do/ B AEREZ LI FMhzrr 4
REARBRD S U7z, BEIkZ2ES LS RE AR

R R o7z, % P> TAZHIRIE, HE
G2k eBERA LI L
BABRNA—VEZZTTYYVaryy)—Df 3
R Az A= [ UF

A—Y—HBROFEAT — 2D AN 2
FTa4Tavyy)— 1

Uik 2 b,

BARIIZIK, M=V 7 —&1F, M 4.30FEFOFHBANFITRLU R KD 4 HE
&t 4 IHEDF 8 HEIZDWT, M 4.30HEEHIIC/xRY OHE (HERGHlRARE, £
AP R, DTSR R, ATERI RN, BARRtE R, SR RGHE RN, TIREE
W EARNE, fTEhEHE AR, EEE) ICDOWTHENTEETIM U 288 %2 15

422 BEOFEIMEICLZINL—=VTT—59DIEK

HARME 8 THH OFHMiilE, S E RN ZE D% [5] LU, BEARHTRVWEDE [1] D5
ERBEGTAT & U 7z, ME X EOFHifEIL, EIAKRIVWEDZE 5] U, MNXWEDE 1] O
5 ERBEETAMT & U 7z, EARIY AR FEMRAE 1L, 4.3 AMFMiD 720DV —T 1) v ZITR Uz, %
B, THMEHEEL B IZHEDTHETE T2 DOWT, FHBiDZ Y HORIEIFTE TVA
Wi, SHOFELTS.

£ 4.2, IRYIRY OFRIT U THE N FEHFHM U 72 — 862839, HRoRY iKY
(mm#m)_ﬂiéﬁwﬁﬂﬁ5#b1wmémbt.

F# 4 1DOKFMIZDONT, =TV v 726 Ui %2 =T,

S THREUZSMENHETIERN] LW KR Z T 2 72012, T—2DMEYD HIZBEF%
ﬁ%é’t’@gbtﬁﬁﬁﬂm*MK.
4 BOWHERZED 2O TREZABEREVES U THGIZE2 &2 %E 27
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#4.2: N—=V T T =2 DH

{ 77pr0mpt ” N
flkVED _HE: [HFVEDSNENST],
fRIRY AR TESEFERAT IR,

ROKRY S T2 EWEDDOHD,

iV aRY _ ATEhETE: (22 SRFRICHND MHA 2,
AH_ HEE: TPNBIFIZ—5KUIP5 ],

FREl AR TRhER ],

FHE ARG TERTETICTF AT IRT Y,
SR ATENEE: TR0 X K] )

> 7

9,9

”completion”:
LM R =1, EREHEEAME =1,
FikaHil BN =1, 17E R BAANE =1,
HEEGHE BN =1, R RGhE EARNE =1,
FEFTE RN =1, 17EEHE RN =2,
HEE =1

END ”

}

MNEFG L TWD LR U 23l A3FRM X 7z,

M 3 ThkA BB —V%EZEZ| 52 L IR LU R 2N El X 7z,

M2 T2—Y—HiR &322 8IZEEU bk ASEHIE X 47,

Ml 1 EARNBNEESE UTEHMli I Aoz, BEEE 1 L LR 2 0HEGN, R IK
D & EFE DS EARIIIZ R o TOARWW SR ASEEA X 47,

# 4.2\, ML —=V 75— 0K %R . Tprompt IZHR Y & D & FHEDFLR, I completion
WZEBEOM T 723 il 2 5did U 7.
£ A20EEEIZONWT, V=TV Y 7L ULl 2R

BHEE 1 #xYRY EEHEBEARRIIZZR > TORWGELR H3FHE S 17z

423 EFIRETTILOBEE

MEDORNLV—=V T F—2%HANT GPT-3 DHEFHET N 2 H¥FET L2 L CHEEE
flifHETNVZ2E5. B¥EIE, GPT-3 DHATEEET T curie 2 AV, Ny FH 1 Xk 2,
IRy ZEIZ6 & U7
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43 BARUIMEDODIL—TY vy

BARMRFB D 72DV —T 1) v 71%, ZHEOFEEFE L RYD KD O REEICHIET 5.
FEFIE R YRR ) OFGRIEB X, BHOFBEEHIIB T FHAROBERE, EEOE
b, ABEFEIZOWTHIRT 5. a&,ﬁﬁﬁﬁiﬁﬁﬁ%wﬁ%ﬁﬁ BEhD. OF
D, BARMFHID N — TV w 71k, FEBGEORHARHEED S ROV T BN %2 FHET 3
EDE UTER L. B, BARWEFMD 720D —TD v 7 DFUPEIZ DWW TIIMEE X 1
TR,

431 BEODIRYRYEHFME

T 1 2 AWM 5 2 DN TEDLN TR

Il 2 EWHEE, HDEINE, MRS EHEICDODWTEIN TN D

i 3 1 BRI R EEIZ DWW TEMNMT WD

A 4 BANAREHBIZHLUT, 20X REREERZONMIODVTEINTND

M5 BANAEHEICN TS EBRTE I ETIETI 00, TEIRN/200, HER

ClZoWnWTENMLNTWS
432 HEROIRYERY E&KMHE
M1 EERE BRI EIIOVWTEMN TR

Al 2 REPBEREAIIODVWTEIMN TS

P 3 ¢ BRI ZRIER A DWW TEHEMIM TV D

i 4 FERICFLGTHIEREME LTEMIMTVD
M 5 TERE AL R E OB EOFHANEINT NS

433 AEOIRYRY EHFME

A 1 FEA U2 HIEERE X H I DN TEPN TR

A 2 U 22 5ERE Z I OO THIRIZEI N TV S

Al 3« BRI U 22 GIEEREZ [T DONTEIN TN D

A 4 AU ZHEREZFOHEEIZDONTENINT VD

Al 5 FEH U 72 5iERE 2 GO L SRR Y OHHENPENIN TN D

434 {1TEIETEORYIRY BEHE

M1 DA ZE R IV TIZOVWTEMN TR



4.3.
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i 2
il 3
il 4
il 5

4.3.5

il 1
Al 2
s 3
Al 4
#THii 5

4.3.6

i 1
A 2
i 3
il 4
il 5

4.3.7

2 1
Al 2
#1fi 3
F1A 4
# 5

4.3.8

Al 1
il 2
A 3
il 4
Al 5

CEDHAERA I VIOV THIRIIZEN N TV S
VAR A I VI OWTERIIZEINTVD
D HAZRA IV TOEEIZDONTEINT VD
D MAZEA IV TIZTOWTHER E KR EDFANEPNT NS

BIROEE R &S

 HEIZOWTE LN TOARWN

DEWHEE, HDAWIE, IRNAEEIIODWTEMIM TN D

BRI HEIZ DWW TENM TS

s BRI U CEBEE LU i HERE NN TN S

BB U BRI OWT, BHEREELAAR EDHHIZOWTEHENMM TS

EROEHERE MY

RSOV TEIN TR

CREDPBREERIIOVTENLNTVD

s BRI ARTERE IOV TELN TN D

CHERICFGTRIERNE LTEMTVD

EREAE AR ENDERPAER L OBERREDFHHIZOWTENMNTND

AEgDEHE RS

HT S GEREZ I OVTELN TR

FFT B AEREZ[ITOVTHhHIEHIZE I NTVS
: BRI B HiEXRE R REIN TN D

fHHT S AEREZHOBEELREINTND

T2 HEREZSFOENEL, D EL VLR VE FONEREOBIIZOWTE
MITWD

TREEDETER A

VMDA A I VI oOnTEMIMMTOARN

CHUD D A A I IO THIRIZENI N TS

VD 2 A I VIOV TEERRIZENINT WS

DML E A IV TOEAIENINT D

D FHD A A I VT BEBE NN E TOXERR EDHFIZONTEILNT NS
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439 HEXE

BEEE 1 HAE, N, AR, TEIEHE SRMIEENTETE Y, FHEIC K 2 RE L A4
W TE5.

BEXE 2 RPHEENZIETETEY, FHEICED B UAH 2 REMHFTE 5.

EEE3 REEENTETCHARNEDOOD, FEICEZRBLUIEHIBETITNS.

BEEE 4 RWEERSIEETI TV EDDOFHEICEDIRELAHFVHFTI RV,

BEE S HRYRYD TREHBATEITOARY., ZENMEATHRVENELNTH Y, ZHE

WEDRBUICIHGET IS TR,

4.4 BEEEMOEHIC GPT-3 #HW-IEH
PLIFD 3 fld, BN X &M GPT-3 2 AWVW3EETH 5.

L RAAS VEAETEBRNTFRIRERFERIZONIETES. GPT-3 IF KRB Z I —/SAT
HEFZBEINT VWS 720, ZEPHND FHIARLERIZENICAIRETH 5.

2. B¥ Y (fine-tuning) A S TH 5. HlZ2 X BERT OH&, 2 FHED EIRRHE I
L O THPEEHDFENED>TL DD, GPT-3 THNRXEALBETH->TEH %
TXANBRTHES 720, AT —ZDHRFIDPEZTH 5.

3. GPT-3 ORERMIROMBED R X . BARVERHE S EOFHIIE, kY& PFHEIZER X
NTVDTFAIMDL, FHICHTIEELNE, TNODBERMEZRX THIRYT S
RERDHD. GPT-31%, TD LD BEKMEIRE @SHEICITAD.

45 =EBR

BEBICHNS N ==V F =&, B, FHlIICHVS T A NF— & & REOREN
LIFBOICEREIT o7z, MUFICT =R %2132 OICH M L 72 R GEIC OV TRY.
451 ZEBRHSFEE TOFIE

L b=V I F— 2 DR EBHROEBEOREN S EEEB O Y &Y L5z
B, FRANAICOWTHENTMEEIC &5 BRI S E O 217> .

2. HEIFHIFHE T VOER. b L —=2 27 F—& % H\WTHBRHEHT TV % fERL.

3. SEMGE. EBIREAIEE 7V &M U 72 ABIAHI OS5 & BRI & B FEIREAN % M.
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452 EERTR

WRIZE TUXNTYA VKRB

HERE KRPE 1564

BEREE TYVavV) =TI TIZNY A 2=V DIERK

WRIBERB 10 [H, 12 [HH

RYRY EEHEOIRBEE 263 4 (10 [ H 128 £, 12 [m[H 125 ) K2 iEE 20

B DZEIZBE T 156 HOZHEFHITIRY IR YD LEHE DA% KD 7=, 4= TIE, 10 [
H& 12 [HHD 253 DEFEHOIRY KD L FHEDONA % EBNRE K OEBRHAD ML —
VT TF—=RE UTHERL .

10, 12 MHZXNRICUZBEHZRNRS. 10 HEHIE, BEIETLLNL (Lv.) TEDAK
TA—LDPBEKZ, EEZREEGIFTU v - UAEZA IV I THo. TDD
BEDOTHREZEZHMANLZET S EZ . 11 HHIE, HUYBETHEEENTIEET
A & 47 D BT, FHEIHE THU Z BERHMEORERICMNTU E> T\ 2720, H5MU
O HEFHEOR R 2 M > TS EENFH G 2175 &, HEFEMORR 2 2318k
DFEHFAM %17 L PRNHETHD2OMFHL Ao/, 13 EEIE, 11 EHEEUHEHBET
LR 7.

PARIZ, 12 BEHORRICHERAI N2 E5E3 U Lv. D8 E2RY. &5IEd U Lv.3 : 16
#, Lv.2 : 6344, Lv.1: 46 4.

453 RYRY EETEOHA VILERBBIZTLLRNILDERTE

B 4.51ZFER T ICEBL IRV IRY LEHEOY 1 2V ERT. FlZIE 10 B HOHRY
B L, 9MBEICETAFEICESWTEHRTS. T UT, 10 MEOFHEIEX, KYIEY &
10 B HDOEENRIZE SOV CHE TS, AH, RYEY LFHEOY A 7 IVIBNTIRRY
N AN T F—ALADOFEFIZOWTIE, BlZIE, 10 FIEICERT S & XX, 9 EODOFERAR
O BT ICEE D W2 RGBT T UL R E > TEE S.

PATFIZ 10, 12 8] H 2 B8 ?éi%%@%égﬁaﬂb13@5&1@P%W§%%@
L %f‘oa%ﬁwﬁmwﬁiW¥ﬁ RS> TRtk I N2 EMEE I NS, HlRIE,
10, 12 [MHOIRYED I 9, 11 [ HIZE®R U AZEEEICNT 2 HAFHMETH Y, 10, 12
mHOEEF 11, 13FE X TOFEGFmHE RS,

OEE FT¥VavVU -0k

10EEB FrvFaLE—0DFFE
11EE FvyvFaE—FR&LAITUhL
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82

mxE— 9EH —10EH—11[0H —1208 —13[EH —

X4.5: R T DOIRYRY EEHEOY A 7))L

12081 FTIYZNYA 2—YDEEHE
13@E HB/EFRREYDBFEAT=A—Ya v
BIGIET UL RIVDFREL, 4.3DFBEFEDFHABNBITRINZIRY KD 4 THH LG
M 4 IHH IZ DWW TAIHE O BARMEFMEDO &G & EEE (Lv.1: AiHi< 15, Lv.2: G5t
i< 25, Lv.3: AaHE= 26) 12Xk > Ti&E

BEIND. B, BEBMHEOEMEMRGLIX S RO
HETHD.

454 ANT7A—LERBIEFTLLANIL

B 4.612&%51FFT UL (Lv.) TEDANTA—LD—H%2rRd. K 4.6lF, E”nD
JEIZEGIET U Lv.3, 2, 1 &R, ETOANT7A—A41F, K 4A4.3IZRUAZIRYIEKEYD 418
H (HEDIRYRY, £EORDIEY, HEOIRYKYD, {TEIORY KD ) L EHE 4 DDIH

H (FEEaE, G, SIEHE, TEEHE) IOV TEEEVRLL T S.
BARICAHE ORI 2 R T

1. BIRORYRY (BHREFM)

HIEIEFE U - BEOZ Yy, Y2 £ TREREL 2D, 1]
MTXBMLSZONZONT H OIS 3.

2. EROIRYIRY (& RFTH)

BTEIEHE U 2 B0z e, ) fHlAaro/onk
fiR & Rz BERMN I THCHET 5.
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8.

C ARROIRYIRY (FBEFEM)  ATEGHE U 2 SEOZYE L, o RERE HikE

BISRA I C E AP 5.
ABORYEY (TEEM A1 E LGB0 Z S, 5N L (8%
BRI C B TLRFIS 5.
BABEIE W COBEEIZ VT, M0 E DR & SR % B & A TR
AT 5.

CEREE BENSEHULRA Y M ZHEIZL, B ORKELGR E & BEEA D T

AT S.

CHBRETE BEOHEREZS, AAMIOVT, HENERES, HEOEEABER

E L BHAN ) TR g 5.
TEIETE AREZVOFEMT LS00, REIETOHS O FE L BEEN T TEHHT 5.

AR, B 4.6DANT A —LDENERT.

BIZITL LV3IDANT+—L FEEMNIIFEDTHE TS, RYKY 4 HH & GHH

4 DOEHDFEWE AN RING.

BIZETL Lv2DANT A —L EdNEERRT L ZENRH DS, Lv.3 DAIRIZINZ,

i O D ITIXETEI OFLR NS, FHEIIXZENFICD > Y AR I ND.

BHIETLLVIDAAT +—L ERNEBEDOERX 2 RTXENHD. By b & DOXEE

T, FYHEMNEBIREE 2 E, BIRFISUZEEXBH 5N CORINZAL T *
—LADERRIND.

10 HEE, 2EPRGETU Lv3 D74 —ATRAIN, 12FHEIE, 11 FHOFERN

Iz

Lo TEHEHMPNZRIGIET U LRIV MNEREI N, FEEEINZEGIZT UL )G

UEREODOAN T 4 — A TRk I N/,

4.6

A

H 1 : BENFEETIE L ZFEEHOZ2EM T EATEI TSR, BLT, HW
2 HENFHE U 22 AN CTRGIET U BENICRE T I 2N E I NICDOVWT, EBRTHE
EN/ZT— R %W AERGEEIC & > THHHid 5.

PUFIZRS (1) 6 (3) @ 3 D0 HEFHME, AHFEOEHK 2 DIZHEdd. 3 20H
B I DWT, REMGEEZ HWAZREEZTS. ZUlkY, KD 2 DOHMIZ DWW
TRHEid 5. AdB, REFEROF ML, HERHMEE BEIZ LS FEHFAMOMBEGRETH Y,
R AEMGEIE (Cross-validation) TCTHEREFHMEI ST 2 DN RN TH 5.
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#4.3: FEPFHI S 7RG H & FFAMGE D K27 A7

A H 1 2 3 4 5
HEGEHl A 69 57 82 41 4
FERGHE A 74 61 73 39 6
FMEEEAR B A 143 59 32 18 1
TEFL A 42 124 69 15 3
HEfstm B4 60 58 75 52 8
FEAREIEEAE 58 68 79 43 5
HmEE R 55 63 97 34 4
ITEENE B 35 126 67 0 3 2
e 87 49 46 37 34

1. BARMED BB, HIY 1 : ZEENRE LU 2IRVIEY LFIHOFENEFIZOWTE
VEZE BENRHE L 72 & SOV Z T 5. kDR Y 4 HH &5t 4 THHOEF 8 IHH
ZXRNGITIHE Z & ORENA & BERHI Y 5.

2. MEEOHEFHME. HW1: #kVKY 4 HHE L EHHE 4 THEH D2 8 IHH DRdRNE 2 ik
BUTHIHEZHBMMIL & SOMRZHET S, 26, AMATIREIEDAZ
fﬂﬂﬁﬁé BERDL, EIEIZEDT RS ZHFBIREBBEADT J— b HEEA

IDVWTIRFFHTH Y FEEINTORNZHTHD.

3E%i?bvmw®§ﬁ K. HIY 2 0 BERHE U 72 BARVE 8 THH D A 5HE 2 B2 K
il (FEIFHM & HBEFEEE) (CRALTREGET UL ANV ERETD. 5T L
LRV D HEEREIC DWW TR &2 175 .

% 4.31F, EBAH NV —=V 77— RIE ENF G & 2 FEMIE E & G {E 0 £
DAEmRY. 10, 12 BIHOFEHFMOAZMHU 27280, KHEH &€ FElifE 5 O D
VAN

R AAIRERGEAD N —T 5313 2 m—s. V=750, FEFMOLEHIETL LV
RNVDOB/FEPKEL TSR NEDIZ Uz, T—RDEENSIEIZ ABCDE O& 7 I)V— 712
Lv. BNZEY) k> 7=.

RABGERITD 720, ZEITNV—T DT —RERNLZ5 DOFEBHA N —=V T T —4
ZUERL, TIN5 5 DOREBGEHOBEEHMEHE TV &2 BFEE U2, BRI, AV
N—7 51 % R - BEEEE € 7)) [Excluding AJ, B Z)V—7 51 ff: %R 72 HE)EE
flifl}€ 7V [Excluding BJ, C Z)V—7 51 fF &k 72 HERHliIH € 7)1 TExcluding CJ,
D 7 )V—"7 50 fE &R\ 7= AEIEEI € 7 )V [Excluding DI, E 70— 7 50 {4 % R /- H
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Fa4: BEBRGHAIINV—TDHEE

Groups Total number Lv.1 Lv.2 Lv.3

A o1 15 27 9
B 51 15 27 9
C o1 15 26 10
D 50 14 27
E 50 14 27
Total 253 73 135 45

BEHiAE 7V TExcluding E] 2#HPE U7z, HPERONNT A—&1%, FiiFEET NV
curie & VY, HPEHRONY FHA XE2, TR IZEIZ6 & Uz, £72, HFHIIE-T
"on-HEFHEHD GPT-3 €7 V&MU CHBERHET DK, 7V A LMEERTINT A
— & temperature (& 0 (ZF%E U 7=.

R AENRGEEFH O HEEHERE R % 155 720, RAEMGEH O HEEHIiHE 7V TR d % 7L —
7D H BRI % 1T o 72 BARRIZIE, TExcluding Al €7V T A Z)V—7 51 {4, lExcluding
Bl €70V T B Z)V—7 51, Excluding C] €7 )V T C Z)I—7 51 #f, [Excluding D
EFINVTD Z)IV—7 504, [Excluding E] €57V TE Z)—7 50 /% HEFHMG L 7.

RGET ULV HEEE, BERHGS 2 EREOGEHE & BERIME (FE)RHb &
| URME) 12k > TIEI N

4.7 #ER

BHATED 2 DDOHWNZDIZLATD 3 D& R AMGEEIZ & > CTEHMii U 7245 R %2 /_d. HEIEE
fliOMEREZ R T~ I12, HBEHE L FEFEMHIZOWT, JYSFIA RN w7 (AT IYV)
DIEALFEBE 2 Hr % 47> 7=

1. BfRMED HENREE (B 1) « EAAHBEFRE +0.815
2. BEEOHBIAM (HW 1) : IEAAHEIGRE +0.876
3. BT ULV HEE (HN 2) « EAAHBEIFREL +0.804

BARIS, BEIRHlONM & FERHIOMEDOBAA Z RS, 72720, FHlifE 2S8R 2 88508
ThHd7D, TOEFEFHMH M LELDIBTFRERY, EROEEZHAND Z LT
IR, T IT, ABhEHbiE, FERHEMEZ €12 [-0.05, +0.05] O—HELEE A U TRR
LTWad.

e, UFIORTERGERONETIE, BANEOBERHE, 5139 U Lv. O BEREHE, 5
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=

SEOHBEHMIE Uz, RE5IET U Ly, i, BAEEOBBRHliOMIC & > THREI NS 20
Ths.

il
x

471 BFMDBENREM

B 4.72025 1%, #RYKRY LEHEOF 8 JHH 2RO BARMEGEM (2 DWW T F B FEh & B BFEfh
DNEAAHBEIFREL +0.815 (p<0.0001, n=2024) 2RI N7z,

fRYIRY 4 HE & 3HE 4 HEOEBRIOKSR

X 4.81%, #RVKY 4 THH L& 4 HE Z & O BAREFEMGIZ DWW T FENFLN & B B FEA
DR ZERT.

HAEREMG AN (X 4.8, a) ONEAFHEIFRE 40.855 (p<0.0001, n=253) »V&H FHEIH
08 <, FERGHEEAYE (K 4.8, b) ONEAMHBIFREL +0.854 (p<0.0001, n=253), J5M&A
AR (X 4.8, ¢) OMEMAHBIFRE +0.777 (p<0.0001, n=253), HIZFEEMAME (X 4.8,
e) ODNENFHEIFREL +0.841 (p<0.0001, n=253) A EDHE%EZRL 7.

— 7, TERHMEEANE (K 4.8, d) OMEAAHERE +0.647 (p<0.0001, n=253) 1% 8 IH
HOwTHREMEENH <, 78EEO 4 IHEHNTIE, TEEHESAE (X 4.8, h) OJELL
FHREFREK 4-0.708 (p<0.0001, n=253) »3HExE FHEAA g,

# 4.51%, BERWEFHMEEE 2L 0 (BBRHGE - FERHEE) o4z Ry, 2To
FMIEEIZOVWTHRE +1 B —ERDH o= Z W HAINS., X517, #HE L2 IFHLA
X, IRYERY T, EREEEM AN & SRR DOWT, B EEHl AT B & Y
< FHiT 252 > 7. AREGEAGEARM & ATBIRHM AR E T, FEIFMEL D €
& < U 72 B0 3 18, & < EHE U 7250 2 b - 72, FHEICEES % 4 IHH T, T8
A& D B EAMEE 2 Em<, U IE2ELSFHI U ZFHIB R Sz,

% 4.61%, FEEHM & B BFEAM O SAARMEFEAG A — B U 25l FH 0 — 2 R T, SRR
ORI EIGIE 3 U Ly 2R U7, Lv.3 OFEFNE, HEZFHMEE TV, +oIlidNEs
DB 7=, HENFHIIC L2 HEPXOEELR ML, TIN5 OBEBRIEDOHIRNG S £ TE
AREME%Z RS, Lvi2 TIE, ATk Y MK 2ERDOEMMEIZE>TS £ TE A6
2R, Lv.l OFHNE, ERTID2HLMEICE>TS E<TE g% RT.

£ 4713, FEEEM & B BFEM O BRI BE D D o B FH O —HERT. Zh
5OHHN, HEBSUFEADRCEHITIE, CPHFEOEREL L, TNOOBFRMEEZ S £
SHEAOLNTIRENEU 20 felE 2R, BT UENKOH 2 & DI, BHERFHbIEHEE
MTD & D BRXEBEDMT AR ITOERN > - alfelE % R T . BREANEL ORBEROBAEADENZ
EOHERDH > /-G % RT. FH L DOOMIEELTRT.

F 4.8DFHABRAEIL, HMENDOIRABICE PO LT, KNS £ < BB X h/-H
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#4.5: HE Z & OB A

Evaluation items -2 -1 0 1 2
EIEEEEMmiEAE 0 41 168 43 1
FOSGHI AN 0 48 162 42 1
FIMGEEMAAE 3 31 190 27 2
frEpEMmEAYE 3 48 163 37 2
FREEtEEAE 1 48 155 48 1
FERCETE B AR 2 49 149 51 2
FmgEE A 1 53 136 62 1
frEhE T E AN 2 46 161 44 0

Total 12 371 2294 354 10

Bl g, RENE L EEEREPDBRVEBRNEENSEDD, HEEDTRMBEENL
FBRNATH S, FEFHI & I IXEE O BBl S 7z,

BEIZTLLNILOBEERE

RGET ULV ROV TERERZRT. ZBIET UL VL, FERHEICEWTD
HEEHE IC SN TE BERMEFMEO G 2 EEMME TR A5 I L THERE I N .
4.90 5%, FEIFEM & B BFEAMG O RIZTROIEDOAHE +0.804 (p<0.0001, n=253) »%Fi
AHNS . X 4.9, MelhAS T B, KA EBEHE I & 2 BT T U LN LE
EERT. 4.9, TEEFHMEE BEEHMEIC K > THEBBRIWZZBIETLL LT ED
PR R U 72, RGIET UL ANV T8 OBEREUMENRFEENRO 5 ND. K 4.101%, &5
U LAV (BEIRHEO Ly, - FEIFHMEO Lv.) O Z xRS, BERETFHRE
fili & VAR L ROV EZE U 22 1E D YD, @0 L ANV & E U 728N 23 Hdp > 7=

472 HEEEOBENRLM

4.101%, HEXJEOFM I DWW T FBFHM & B B O 8 X & =9 #ielhhS T B3,
RN A FBYEEAT, FEAN LB S EABRVIEY 5, VI E 1 2,9, FEIEHE & A BhFEHM O
FAZTRWIEDMB +0.876 (p<0.0001, n=253) AR I Nz, BGIET UL XN LIZoid
% &, Lv.3 IZIEDORE +0.666 (p<0.0001, n=46), Lv.2 IR\ EDFET +0.8 (p<0.0001,
n=134), Lv.1 IZIEDHME 40.792 (p<0.0001, n=73) MR I N/,

£ 411%, EIEFHHEDORZEIIOWTHMEZRT. 92 fhDFEE +1 & 7 D% 42
MHo7z. FEFHEORGIET UL RIVBITHRS & Lv.2 (HDREEDEMRIEDH B 50) 12
A DIRDZ NMAI D FE AN S .
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F 4.120F, FHEE N LD S EFMA U 2k fl & UT, FEZEM, B3
CHHEEE1 (EINFLACALALY) OHlZRT. ZOHEHNIE, FKEHIZOWT2A
MU F DR EHENEENT WD 2205, HEFHMIHISCPEEBEOEE R A, Th50DH
B2 FLHAD N TECONZAREEZRL TS,

£ 4.131%, FHELAIC L DB IEIHMIICERENH o 5kl UT, FEEFHMAORE X
B4 (ZOSEEIAEROND), BEFHMADOHE IEZ 2 (PPEINHD) OREDHIZRT.
ZOFEHNE, FEHBIZODWTXFHE X EHFEDRY) 3D d Z b, HERHIGIE SO HEE
DEERH, TNODOEBREEZ S FKHAD I ENTIRN S 22OIEAEIE U 2 RN
ZERLUTWVWS.

473 RBHBIETLETRAB

12 EEOTRAED S, BEIETULV. ICE>TUFR3IDODTFARNTF—ZDHEDE N
FAEND. 10 FHD 128 fHlF Lv.3 DATH Y, 12EHED 125 1% Lv.3 : 16 4, Lv.2:
63 1, Lv.1: 46 tEDNEAET 5.

1 Lv.3 &, #EAGNBIRL T TLRINAZGZDBRINT WS, 2720, D E<@HBTER
W BB RN SO DRIRIY B ELR R S 7.

2. Lv.21d, #ERINAELY FN22EIHRINTND.

3. Lv.1 &, FEEMNESERZIZS U AZER TR > TRtk I N T W5,

B, Lvil @46 HiZ2WT, 33 HICER o il B R oz, —7, &Y D 13
PRI ER X EHATHIFRLUTESHEL 2L ROENDFEAH > 7-.

/2, DFLARTELRVEHEZEIZODOTIE, BOXh OMRNARFENR 5Nz, B
i TawaveXsd) I50n]) TR 1205 20N THE] THHIZRW] RETH
o7z, ISk, Lv.3, Lv.2, 8L, vl OEEXZHZTHIRL 2z s,

AR, 12 M EHDOFEBAEDOEF & UTEHO—HIZONT, BEHIXTUL Lv. ZLDFE
W%z rd. SFEOFEMEZRLUZHEEE, Lv2 IZ8WT, Y hOEERS M) T V/D
Thb.

Lv.3 OFHE, BHHGICABRBIZEEAINZFHEZRL 7~

Lv.2 OFEHNE, bV h2EPLTHBRINAHz:HZRU. BRIy ME X
W, £90E, 7YV V) —DBRBERELT, BMERHERLT,NS, SEORREHT
LTV EPWR, E507%. HRRYVDATY T2E>THAES. ] THo7. Lizd-
T, WY —2fFEKRLTI TEEDMNEZHE] OFBIZE>T, eV FEENLTVWLH I L
BONLHEFITH .
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Lv. 1%, @BXEMEL CilBINAZEH%E R~ [GHEd 2 HEMA] (220 To
Mo, TH2OHEHS] (2DOWT, AOMEETES LES B, [—FiI\vHE )
IZDOWT, REOBNIZFEER I NZHHITH 5.

H LoD 1]

Lv.3 SFEfFTANEEVIELUITY, BWERERDTS. 7Y Va vV ) —DEBEL{TD
XFHRERLTD.
Lv.2 YU —%2fERLT, F¥yvF 7L —XE2MIIEBIHLTATHS, HfEE SEDN
B2 JEEL T\,
Lv.1 Jﬁﬁéaﬁﬁﬁi W, HoooHEM LI, AIREE TIIHLIRETRIE
L ERIDWVWHEM AL, BFERETICHOMERRIED.

48 E=

FERAE R AVR U 72 5B AT & FEERAMG O LEigIZBEWT, AR 3 DD HEFEM D& R AR
I,

L. BARVE GEpRHE (H 1), NEAZAHBIGREL 4-0.815
2. I EOHBRHE (HW 1), MEAAHBIFREL +0.876
3. BGIEI ULV DEERGE (HW 2). NEAAHEIFRE +0.804

UZMoTC, BEFERICEZ2AHEMATTINVIE, BN  ZEOTFHHEAM 2 84k L T Bk
MY X O [EFHMEAS R TV TREM: &, BN 2 - AEIEHMECE 2 T RESIZ T
UDOHBEIZRENH R T AREMEDRI N, ZDZ s, FOIZERICH X 2 MaEe &
ZHoNd. LATFIZ, ERFERIZOWTERZMAD.

48.1 BEFMmOZHM

9, EREROSMICE W T HERHIG & FEIFHE I EOMHBEN R S N B HIZDOWTH
Kk RD.

HEIFHEE, BEZ2HDFBERMML ZFHMENTE TV EZILOND. BERL, BN
D BB, X EOHEFHME, EHBIETULVNIVOHERED 3 D8, FEIFH L DIE
MAHBERBUZ RO IEDMHBE 2 R L TV 220 TH D, F/2, £ 4.61F, 4300 —T 1) w7
WZHDIRER > THENFMTE TV EBDLbNSHFTHY, ZsOFEMNA H B FEM &
FEFHET L T ZN6THD. 2720, BEDOFHEPN—T) v 7B DIZTEI T
ENEDPOBGEIXTEITELT, SEOFEL LTWD.
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1 BEAWRENBIEKEL T, £ 4.6155R U7~ 1. B, 2. M3, 3. 518
FEAfi, 5. HARGTHE, 6. G, 7. AMEIHEOGBANEE, FEEOMALL) &7
ENBIEGFEUZHBFIZR) R TVEEZILND. TDD, KERMEHO N —=
VIT=RIMI N — T ORENFIET S+ BEANE EN2720, HRENE <
BolLEZOND.

2. EADEMEMNE L > T\, RERIFFIZHWZ N ==V 7 F—&1%, HEFED
WHRERBEER 10, 12EDOATH 7. TDHD, EAROHFARE X WAL E %
FIFXRT LK RDERENES B ZEEZOLNDS. B, MOFRERPETDORER %
FAWZGEIZE ARRDFERNBE S NN DI DOWTIEI S IZHREEZ INA 2 BN H
5. 72, 10, 12EHPUANAD ML ==V T T =R IZEFTNTWRNRZERNZDOWT
MRET 2728 Ny 2RI DOBEEIZ DWW TS HOMIEHEE § 5.

3. RN L2l HBOME, AEFFHMIOEE 2SO~ ERNE LT, 12FEDT A
NTF—RIZEENZREGNTORENEZ NS, BERS, 12REHDT AN T —4X
X, RENTE UTHRXEEZZII 2T — 228016 THD. 12 HHTIE, ERE
WCE O TIRRINDER X E AVl % (RGIETU Lv.l) 246 FEdHo7-.
D>H 33412, HIBREER IO TIEEEZTFAMT—EANAENAZ., £ 4.60
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B5.7: FAHFERR : FIEHFDI—TY w7 Fli R O S E

RN 2L FAFEEIC T ETO RN H 5.

X 5T, BRRINZT RS ANBZHERL TV—T7 V) ZEMIZEI U727 RN AR
STV EMRLZ. & 520561, MAQBEEEODIL—TY v 7 BREFEGZIA > T,
iz 1 BB EDD T RS ADWERINT VAT L 2R L. £ 5.207 RN1 AU,
UIRDT RNA A% LTS

M 1 DT R4 R HEL U TWDERBRREAONSRWHENS, — RN EELZ T /2T
RN 2% LT3,

i 2 D7 KN4 R HEDEY, HDWIE, HMRTHDZ s, BRNZEHEIZZRS
&9, BROMECHIRFELHRT DL T RAAL AL TND.

i3 DT NAA R HEZRERT SO0, BRELEE X THENGRTES &>, %4
Dt U7z RS #ED D | ICBET D, FERITOATY TEFEHIEIFTT RA
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IW—=TUwolask
77 ) A ZDHAZL

¥190.874 Embedding ¥190.876
91 4B IE
BEMNMAFTIEX U gpt-3.5-turbo zero-shot
VA 4 VI TAS 8

X|5.8: 7 RNA A LB & D Embedding [ D 331 > FELLE S D LL g

&5.1: PIREER : 7 RN A LGP XD T 1 2 ELE

T NN A E TR ¥y SD n
gpt-3.5-turbo zero-shot learning 0.876 0.032 1433
GPT-3 davinci FT €5 ) 0.872 0.027 1433
BEMNAFEX 0.874 0.029 1433

A ALTW5.

A 4 DT R4 R HEEROZMAEXRiAAZ BARWIZEHRTED &5, ZHEOFABL -
[HHERD DT — 2 &2 EDZ ] TEET D, T —FDOHNIET 2 &M40ME %
RTT RN ZAZLTW5,

A S DT RNA R HEELERDOEMEP RidAAE BRNICEHBREZ Y 27y T LUDD, K
HDOEY BB ERTT RN AEZ LTV,

—7, BEZ BRI E UTE, ZAEEY O NAICEE S 2 BHIEEOH] 2 2R L
72w BARMEREM 1,23 DT RS A% /D &, fIREDOESWVIIENAIIH LT, 7 RS
ANEWRHEINTH Y, FEPED AT NEICEE 727 RS ANTE T
B BIZIE, FHli 1 07 RAA A, #ICTH@ETS [5EFICREDORE 27T
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#5.2: PhEFEER : BEEHEDL— 7 ) w J 3 T L OB ERT RS A

B HEEFEION 2 BB R Y K31 A

1 BARNZHEZEDT, TOeERT5200M ) flAaeHE XA TiIR LTS EZIW. X, 5
HAPCREORLE 25T T35 28, BRNZEEZEDTIZIW,

2 HIEZE 5D UEBKIIZEDTAEL £S5, FlRIE, D& BHEERH DD, ThEMFRT
2DIZEDEDBFERZMESDON, BREEZEZATAHADERWVTUL L.

3 BWEEEDDZOI, FETREDELSIRATY TRECBENHDINEH A, The BRI
BUTAHEL &S, BIAE, BEDSH, WHRIE, RHOLTHRY, BANRATY T%2%
ATCidd2 2T, HENURIZAD £9.

4 SR, BAWMERLUEZEREZE LIZ, EOLDBEMETHELZERTZD0, ERFIAARE
OREPZFHRTE LT, L) EBARNREHBEOFEZLITS ZENTEIET. HIAIE, kL
EHEED LI, EDLIBRT—EERODIRENDHLDMN, TDT—REZEDLIIINHTS
DM, IPMFER2EDLSIHATLONEE, BRMZEG2ZEATHRLTAZL &S,

5 MERT—ZZHfEILHILT, -V —ITHELAZEREEMEL, HOBWIEREZ $25 720008
BEREFAND LN TEZLEZEZONET. SROERT —Z2WHEL, 7220 T52
T, FVEAKRNLZHEREEZRS ZENTEDTLED. /4, MOANRLET—XENETEZ
&T, FUBMBRANAEEIZAY 9.

B LWSHEMIEZEITT, HEZEKLETDZIEIIRLTHNS.

FIEEER : 2EICE > TEEBART R4 I E S H

FAERHE 2 M U224, IRYIBYD RFEEGFEEGLAUVLZZERNIZLTHS. BHATF
FHET RNNA ADFHT & gpt-3.5-turbo HENERK T RS ZDFEAT O /512 598 D [E1% %
7. BB, FAHADT RNA ADAKIZEZFEINTW TAIEREMHE UTHRALTWS.

* 5.3 5 1%, gpt-3.5-turbo Z FHWAZBHEIERKT RN A&, BHEFESIDT KA A
KOE, BEEME, HEME, FETEICOWT, PRICHEDORABRNEIZH>THY, BEFEHT
WOND) T, RHEL2EFTTEIDLEDELZ N TEI TV AZ ERHEAING. HEM
IZDWTIE, gpt-3.5-turbo M 5.56 (SD0.93) &, HEFEZ ¥ 5.1 (SD1.1) £V %
BRIZENS 7 (p=122x10"1 < .05). HEMIZDOWTIX, gpt-3.5-turbo D 5.36
(SD1.1) I, HEFHE X 5.05 (SD1.17) KV EEFRITEN 72 (p=T7.62%1078 < .05).
FITHIZDOWTIE, gpt-3.5-turbo D7 523 (SD1.1) 1%, HEFEH X ¥ 4.98 (SD1.24)
LV EERITEN> 72 (p=0.0002 < .05).

72, & 5.4M51F, gpt-3.5-turbo Z WA HENAERKT RN AL, (EKFHE[17] TH
%5 GPT-3D davinci 2 7 74 VFa—=V I UAEETNVEHOET RANAL ALDE, #E
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#5.3: PER : BHEFEST RS AL gpt-3.5-turbo DT R/NA ZADF
A A 0D S8 P

BEFHEZX gpt-3.5-turbo Hrig
AEfEEE WYY SD n F¥ SD O n p < .05
EAEM 51 1.1 598 5.56 0.93 598 1.22x1074
g 5.05 1.17 598 5.36 1.1 598 7.62x107%
EITME 498 1.24 598 523 1.19 598 0.0002

v

#5.4: FIHER : GPT-3 DT RNA A& gpt-3.5-turbo DT RN ZAD*#
A BT 0D -4 LR

GPT-3 davinci FT gpt-3.5-turbo Hrig
FEEIEE  SE¥3 SD n Y5 SD n p < .05
WA 5.2 0.98 598 5.56  0.93 598 4.77x 10711
PR 5.02 1.15 598 536 1.10 598 8.23%107°
FATME 5.01 1.16 598 523 1.19 598 7.86%107°

M, BRAEME, FEATMEIZDOWT, WHEOHBHARIZESTHBY, BEEFRRDNY) 2T
<, WFEZFETTEDHL ,uﬂ/)'ti‘é EMTETWZZ ENHEARNS. HEMEIIDOWTIE,
gpt-3.5-turbo MY 5.56 (SD0.93) &, FERFHEFY 5.2 (SD0.98) LV EARITE MM
72 (p=4.77T+1071 < .05). BRMEIZDOWTIE, gpt-3.5-turbo DS 5.36 (SD1.1) &, #iE
KFiEEY 5.02 (SD1.15) KW EERICEN>7Z (p=823x107" < .05). FEiFMHizon

TIX, gpt-3.5-turbo M 5.23 (SD1.1) &, WERKFEFEI 5.0 (SD1.16) LV EHEICH
Mol (p=786%*10"° < .05).

# 5.1°Tl iﬁﬁiﬁéﬂ?fﬂﬁbi‘ﬁiﬁb\ T—AIZH 9 EYD DR Y BRER I 2728, BEARETHE D
fmmm &(&ﬁ45)@&ﬁ%%nbt # 5.5L K 5.6051%, FAEDFBDEK
FEE A3 2iE, MEREEEIEAN o Ubto T, FE 0 BAREE M A LR
WAL DT@,TFA41®%$ﬂﬁ%%b#KT%TDED.
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#£5.5: FPER : (BIKENENT—X) BETFEXT RNA AL gpt-3.5-
turbo DT RINA A DA 25l D SE 5 B

HEFEE gpt-3.5-turbo Frig

AEEEE SF¥ SD o ¥ SD n p< .05
ket s 9.8 1.31 49 5.61 1.13 49 0.248
PR fig 5.76  1.28 49 535 1.42 49 0.140
FATME 5.8 1.38 49 5.35 1.48 49 0.095

#5.6: FPER: (BARENENT—4X) GPT-3 D7 R)N1 A & gpt-3.5-
turbo DT RNA A DA 25l D SE 5 B

GPT-3 davinci FT  gpt-3.5-turbo Heg
FHMEE  SEY3 SD n g SD n p< .05
& 5.80 1.02 49 5.61 1.13 49 0.418
L 5.57 1.22 49 5.35  1.42 49 0.503
FATHE 5.53 1.26 49 5.34  1.48 49 0.644

FlREEBROF EH

T EEROFERIK, gpt-3.5-turbo Z FHWZHEIEK LT RS AL, HEFEZDOT
RN ZLIZIFMELL THR XTI > 2 BRAR 2 ER T I T ATREER D . £72, &
BFEHIOT RN ALV E, ZEAFORBANRIZE>THY, SEEEFTIPONY T
<, WEEZEITTIDEEDOEDZZENTETCWAEZZEEZRLTWE, 2720, FADRER
WE WA+ 2R GE BRI T l\/\/fl%iﬁk’&é EMTECHRPSZ, BB, ?W
FEROKERIE, FEOBEMREFAHDLNGEIZRY , P4 D BAREE GHE AL &N
DWTIHH L NI T I TR,

5.4 ZHEAERNDT—EY R VIEREZEBIM LT K314 R BEVERK DL

EST% [17) ORIBEAIE 2 D%IT B N5, RERTE [17) DRSS (1) & LT, BRNZA
T RAA 2R ERT B OOMBIB RN, T 2T, HEDIRNE LIV —T ) v 21
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2T, MFD 2207 —X%HHL /.

1. ZHEDOEY AT —<
2. FHEDH Y NF ¥ — NDR AT EWIRI

PERFIE [17]) OMEA (2) £ LT, SHdANAEDOEEKEMENGEIIHIETD ML —=V
TT—=38NR+07Zo e WS RERD - 7.

ZTIT, PREBROMEREZHE X, OpenAl DRBIKESFEE TV GPT-4[28] & W\ 2. ¥
HEBROFERIE, Yoy ay NEEHOANWTOY T N2 T RTDZZ212&Y, ZEDRRA
HEBEEMEDENT RS A2 R TEDARENRINT W, TIT, FPRMIERTH
7z gpt-3.5-turbo £V &, EMRELETNTHD GPT-4 2 T, FPEDTLBRNEN A+
DEGETE, ZEMENDOT =P X AT EWEREHFHT LI LT, BARMERY RS A
2HERT 2 FEIZOWTHEMMi 24T o 7.

MR OFEGFE D KD, TUT, @O Tr—< AL Z A7 EBD AN, F
iR & FIRRIC (% BIOR U ZFE XY AT L2 HW .

PERTFHE [17] ORMEIFLLTFD 2 D TH .

L. R D BRE DR A I BKIAR T RS 2% R B 7 ORRA R D5 72
2. FLAAEDBKEMSECB SIS T & b L — =V I F— AR E ok

fi5. 3D FAMEERTIL, gpt-3.5-turbo DET Y 3w NEFIIDNT, RERFIE[1T] £V E
SENZ SO RHERE R AFE SN T W2, UL, PHFERTI, SldNEDBREMEN S
BOMGLIFAT > TR,

TIT, REFETIE, 2 2OMEICHINT D/ZOICLLTFD 3 D% LU .

1 fERDFEDHBNFIIMAT, ZEOWY AT —~, TUT, FEOHY M F¥
—hDRAVEHRNEHAL 7=

2. ==V 7 TF—=RIZKELENERY ay NEEEZHW L., FOOOANLTOY
ThEEEL

3. &V EMEEESR GPT-4 % AW/

LR NAED BERE DR NG EIZERNR T RN A% EKT 2 72O DMEID 80> 72 [
BIZH U T, PAROGTBRNERFHEOR) AT —~, TLUT, FEDOAHY N Fr—hD&R
A EHRILE DT 5.

RN AEDBREIMBENGSIZHIGT S ML=V I TF—= A BR 07 o -REIZ DWW
T, NL—=V 7 F—RIEFELEWEOY ay NEEE2AWE., BE5RL, fi5.30 %1
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FERTIX, BEREMMEVIGEORIEZT > TORWD, KRERTHLU RIS 2 BEXD
0%, ERMREETIE, BOFHliT—~ & X A7 EREHHATEI LR NV —=V T T —
AAFEL BnWE R Y 3y NEFHZHAGDOED Z LT, RN EDBREMEVIGE 12
JGTCTEX2 L2720 THS.

Hi5.30D FAEERTIE, gpt-3.5-turbo DX T Y 3w MEHEZHWAED, BEFEILVE
MEBEZR GPT-4 dY¥ By aw NEEZ W/,

GPT4o¥nyay NEFEHAWTT RN A2 HBAEKT 272012, AZZ7Or 7 b
EUT, YATALAYE—Y (role=system) &, Z—H—=A vt — (role=user) %45
A7~

MEREIZ, AANT7O0Y T oWE (E1), YATLAAYEZ—YDFEH ( E.2), 1—F
—AvtE—YDFEH (E.3) Z2mU7.

VAT LAYV =V, T RN AERERT S HELRSEBIZOWTOESR, TLUT,
BT DY AT LADHEEZIODWTHREGATWS., A—HF—Av¥—ITIX, 7RNAAA
DERT D -ODFEDHLBANERE T —YHNE, TUT, ZATEBOTFANEZELT
W5,

REFIEIIBIDESEDO AT L RDTRIE, ZEDT L XA EHRNEHHTD
W, N—=VvIF5—R—%M5 2R GPT-4 #H\WT, ZAEDIBRNEDE
B G2 ) —T )y ZIZHDIL T RS ADOHBEKEZ T > TV HAD 2 DOTH 5.
2 DODTRIZDONVT, BEEICIE ELISRUAEY AT LAY =Y DEEICH D (2) 2—H
— AV =Y THETT—LZDEARL (5) 7 RN ADIERGIEIZEENTND.

55 =&
LR NA 2 BARIIZE S ZERTETOHRWEAEIL, RN AZWEIEL I LNTED
BT RN AL, BARD 3 D%fASDT RN A& U,

BEM FEOLABNERT—, ZATZIITRHUT, ERINLT RNAL ZONEEHR L
TWd

HEEN ERINLT RS ZORAERHID, FEIZE>TONY P TV

T ZEVPEPTHLHEIELTCEISTIDEEZXD

TIT, HEERINAEZT RN ZIZDWT, MUK 3 DOFMIIEE IZDWT, FAEDFHT

B7-.

%1
BEM 7 RN ADONEIFIDFRNEIZH > TS
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B HARNBDEZZ2EDLDIIWBEITRENDNO
ETHE ZOT7 RS AR ANEEZ §QICHETEILLEL D

3OOFHMIEE L, 7MH4E (1=IEHITZ BBV, 2= 24210 5 BbRwy, 3= %%
ZOEDBRV, A= H5TERY, 5=0PZ5/S, 6=08YZ5-ES, 7=HITT
D) #HWTHFAEILLD T RN AGHEiD R % 15 7.

B, HEHETIE, FAENEBRICHRARZEEL 200 E D DT OV TIREEE L TR,
FAENEBRISGERNAEEZWE L 27 — R 2 HOZFHIC DWW T, SHOBEET 5.

55.1 EERFE

KETIE, 7 & X ATZER], [T EROA], [ZATIEHRDOA] D3 NE—
DEZDEWREZZTHEBLUZ IFEEDOT RNA ZZDWT, A& 53 % ik L 7-.

TXAIRY FEOTBNE L PAEMROT—7 & Z A7 EHFHRZMAGDE
T—~ FAEOBHNE L ZZEMER O T - HREHAGDE
SRY FHEORBNEL ZA 7 EHEHRZMAGDE

T RNA ZHERD TG L R ZEDRBRNEE, @D T—<DTF VA 2B M %
HIISMUZ3FAEL 45426 40D 1509 F2 W, ZHEOEBNEL T—~, XAV
HEHERIE, X 5.2I0RUAFEHLTEYATLAZHNT, EBOFEIZBWTEENALL
ZHUWTFANT—REHW ., BB, RERTIE, FHEERSIIELRY, 2EOGHRT
DIHEIZ 6 DX U7, Tk, ZEOATAHBERKDOZHOTHS. 6 DDOIHHE LIX, HEEE
B, FEAGEE, AIKEE, BERYKRY, ERiRVIRY, ABIRYIED THDS. BER (K
K15E) TEIZFEIZE>TANINZ 6 ODDEHDTFA N T —X &2z,

T RS ZDOBEBERICIE, OpenAl B34 5 GPT-4 €7V D/N—Y 3 v gpt-4-0314
%ML 72, temperature % 0 IZFXE L, 5.28iD 70V 7 M & /-,

BE, FEOTAPBRNFRERPTAEHIZOWTI, 7R ZA2EKLTEHT, 7
V= RMIEEENTOARL.,

T U= MNHAEE, IR FEDFEBNE R R U 26 HDFEENRIZ, AV T
A7 = TEML, FIEZNEL .

AV IA VT VT—RTI, T RN AERIGISR S 25l WA % 5lid U 72 4R 12 3 Fl
DT RNAARER U2, ZOL SR UZ ITEEDT RNA ZADAK G IEITHERE I
FIRL TR, F72, RAMEFE 7 VX LATRRINA.

FORINZ ITEEHOT RN A&, 1FEOT RANA AT 81T, #arE, B, 517
MED 3 DOBERIEENRRIN, HERE D 3 DOERIEE DWW THMi % [& U 7.
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5.7 EERGER IO 7 BIE A DNER

T NN AR Eat B =AM 3
T+ RARY 256 251 250 757

T~ 256 251 250 757
XA 256 251 250 757
At 768 753 750 2271

T RNAADRARET v — MHERE, BEAORER2EREL, REREREILMRIZHERL,
2HMOEENHEZHR T TEEOTHRELTESL S /.

5.6 &R

AKEDFEBRTIE, HEERINET RN AWNEEIZE > TEARNOBEL T VE D
THDENEFMU7Z. L, FETRRLZHEDODHWTH D, FEDTBRNEDEAE %
HH DT RN ZADOBEBERDOENEEZMGET 22O THD. ANITRTHERIE, ZOHW
KT 2 FEOMEERTEDTHS.

F 5. TIZEEFERICH O MEHHRE R L .

FEEAER L UT, 1340 2271 O EE % H\W 2. FIEHARK THE, #ERE 15 4056
3224 fEDEIENRF LN DD, G2 A D 72O FDORIZFIXRAL 2.

. TR AT EBHROFTAN T NTOAVILE AT 5 FEOSE
o F—FRNEIH LT 3 HEOD T KA1 ANDEED, 1 0TERITBHE

B 5.91%, ®AEDFAE 26 HOFBRAEIZONTIV—T V) w ZFHRMOMEEZRZL TV,
M 5.101%, [IZUZF4E 13 GOHBRAEIZDOWVTIV—T1) v 7 FHiH OSHE %2 = LTV
5. X592 5.10561%, V—TVw ZFHfiA 3 AR 9 #ILA EThH o722 L AVGHEAN
Nd. TV, PREBRE RRIZLV—T7D W 73D 3 L FADOXIGDEEM LRI N
TWb. —74, 5. 908K L 5.10D[FIEH DELBRNAEDIV— TV v 7 3l D 43 45 7]
K d DL, Bl 1 25 3 OOMEANEZR S, Zhik, BIELZZEE, SERO/E &
DEETRD2RDDHDFETH>/ZI 2 RBLTND., AE, KERTIINV—T1) v I35
DZ LB MDD TIFMREESI N TR D, V—T VW 7 IMDOZ Y HEIZONTIESHED
HELT5.
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a00
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T Ty
0 ]
0 1 2 3 4 5

W—"1) v & 50

55.9: ROV —T1) v 7 FAlli I BHE

5.6.1 7 F/NA XFEMDHER : 24k

5.112 % 5.81%, 3HEEHDOT RNA A (F—F+RAY, 7—%, ZAT) IID\T,
WAME, BRRVE, EATVEOFME % IR U 2FER A2 RT. B, 3 O0EMEE GESME, H
fitt, FE4ME) MCHEBNRRZ DL, BRIEHADRERNDOZOTHS.

SFRED T RNA ADFHTiIE, 3FEHE LIS U EH Y, #EEME, B, FEITHC
DWTC, ZAEDFEIBRAFIZCRRR>TEY, PO THMETE, W HELFETT
IDNBTHDEFEIZEDEZZENTI TV I EDHAMND. K, BN O
W, (5=~ ZEMAZEON 5= +2 27 KO EZENEMBLPTNT RNA
AGRERTEITOWAEAHEENRINAZ. BERS, [5—v] (F¥5.39, SD0.86) D
@ T7—<+& A2 (F55.2, SD0.87) &Y ELERELZE (p=10.033 < 0.05) TEHHE
M 4+0.19 FEh oML THS.

# 5.91%, AREAZEINRINAZHBEEOFEMIZOWT, 6 DDFLRIEHE I & ORI % b
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1
SD_
5
B0 4
_4D_
20 4
.3_1
0
1 2 3 4 5

W—"1) v & 50

EH

X15.10: [A1%H DIV—T1) v 27 FEAfi Bl 5

MRUZREZRLU TS, £ 5.91&, FHIHBEEIEIZDOWTO T RSA A0 B %
[F—<1 ZIE2MAZIEIN (5= +Z A7 KV EFHERNE N> EARINTY
5. BEBG, T57—<] (F¥3547, SD0.75) OVEN [T7—<+& A7 ] (¥ 4.96,
SD0.81) &V EHEARZE (p=0.014 < 0.05) THEHEMHEN +0.51 @GR 2720n56ThD.

BB, £ 58K BIDKDH (vs. T—< & vs. BAY) &, scipy EVa—ILDY
AR - I A ) AMERZHNT, 3FEOT RN AMIZERREND > HEIZOVT,
scikit posthocs €Y a—IVD AT « —)b - R T AME % AW 7-LEHEEDOFER, p < 0.05
(FHEXE 95%) ZRLUTW5S.

56.2 7 RAA ZAFHMOFER : BBRRBDOEEEIMEVEE

EHEDESI, FEDEBANED EIREIMENIGETE, FEICE > TEMKRKZRT RN
A AZHBERTETCWAERE2RIETEIZIETHD. TDEDIZ, FHEDOIRNEDEARE
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7
6
5 Ay sl
BANEHROELE
%4 _— -+ 5 R
BE 3 e Y
YR
2

EEME AR E1TlE
BRIER

5.11: kDT RN AR HIFEEME O L

MIUTEHBLAZLED, SHEOT RNA A (F—Y+&RT, 7—%, ZAY) DO#
A, BRI, SEATHEOREMIC O W TR ZRT.

X 5.122 % 5.1005 1%, ZEOTBRNED EAMEIRNGETE, 3FEEDT RS A
DOFHIiL, 3L I 5 U EHD 722 EGAND.

BEB, BEREIMENGETH, BT, 5=~ ZIF2#HLEEE, 7
YAEAT ] KDEFEPHBELRTWT RN AZERTE T A REEINRINAZ. &
¥Ro, 7—<] CE¥ 54, SD0.84) OFEEMN [F—<+&2 A2 | (F¥95.16, SD0.87)
FOEEELE (p=0.008 < 0.05) THEIHEN +0.24 @N>72MmETHD.

7z, & 5111, AEBENRINZHBEMEOFALIZOWT, 6 DOFRIEE Z & D
filiz IR U 28531 2 R U TWad. &£ 5.1, FHCHESHEIZDOWTOT RN AR
L T7—~] ZFEMAZEID [F—=+X2 27 LD EFMREP /- Z EHRE
NTWa., 2E846, [5—< (F¥3547, SD0.75) ONFYEN [F—<+&X A7 | (F¥
4.96, SD0.81) &Y EHELA (p=0.014 < 0.05) TEEN +0.51 @MP>72n5THD.

56.3 7 RAA RFHMDFER : BRRBOEKUENTWEE

FEDFR WA D BARMEIPMRN G & & T 2 72012, ZFZEDOFRNA D BARMER &V
BDT RNA AFHHOKER %2 RT. TDOIZ, FHEDOFTBNEDEREN 4 DL EZHHI U
e ED, SEEDY RNAA (F—=~Y+& A7, T—%, XA7) O#at, BfErk, =
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#*5.8: BIKDT RNA ATERIEIAE & AER

EHIHE At fiE g (p < .05)
A ¥y SD n ovs. T —Y  vs. XAV
F—<+42A2 529 091 256 p—=0.9 p=0.9
T—~ 527 0.93 256 p=0.807
A7 531 0.78 256 p=0.807
B g ¥y SD n vs. T —Y  vs. XAV
F—<Y+&AZ 52 087 251 p=0.033 p—0.217
T—~ 539 086 251 p=0.648
AA7 533 0.8 251 p=0.648
FATME Yy SD n vs. T—Y  vs. XAV
T—~Y+4&A27 505 087 250 p=0.701 p=0.23
T—~ 512 0.95 250 p=0.668

XA 5.2 0.94 250 p=0.668

YD FEIZ DOV THER %2 R T,

5.132 % 5.121F, FHEOFBNABEDBEENGNGEIZEWTE, EEME, BRE,
FAMEDOFMATE 5 A EH >/ 2 L 2RULTWS, 3FEDT RS A (F—Y+X A,
T—%, ZAY) OFHCARBEIRONEN>72. 12720, BRERSEWGEOY VT
IVEGR 20 i & DTN 72 DI BLR N D BARME DS @\ W56 & MREE S 2 1213+ B R S
NTOBOATHEMED & .

FALBRORAEDEVGICER LGS

RO EREL 2, T—YERZAINKREHMT DT, PAELEDBRED RN
ABTHRAEMB DO BENZT RNA ZBEHBERTE L. TDGE, FAGEOBEED G
WIH G EERWGAETT RN ADFPAEFHEIZ KR I ZANHZNETTHDL. BERSL, T—
NEAATNEREHMT D L, FEABORAMMEMENGETH-oTE, HERBZM>T
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