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RESEARCH ON MEASURING PROGRAMMING SKILLS
OF NOVICE PROGRAMMERS BASED ON CODING
SCENE

ABSTRACT

Novice programmers generally refer to junior programmers who
have learned a programming language and are not capable of developing
software systems independently yet. Novice programmers can only
perform simple programming tasks and need to continue to learn to
become professional programmers. In recent years, large language
models have super strong "emergence" ability, and simple programming
tasks completed by novice programmers can be automatically completed
by code large language models. In the current software industry, novice
programmers need to quickly grow into professional programmers to
avoid the risk of being eliminated. Measuring the programming skills of
novice programmers can help them to continue learning. Therefore, how
to measure the programming skills of novice programmers is of great
significance.

coding scene refers to the site where programmers write programs,
including all the events and behaviors generated by programmers in the

process of programming. In the programming field, novice programmers
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mainly write program code according to software requirements, and then
test the software code. In this dissertation, novice programmers are
assumed to be senior undergraduate students who have learned
programming languages. The performance of novice programmers in the
coding scene is used as the measurement object, and the specific research
is as follows:

(1) This dissertation proposed a method to measure programming
skills of novice programmers based on programming test. In the coding
scene, the main performance of novice programming skills is
programming efficiency and correctness of code. Novice programmers
write programs through the online programming exercise platform, and
verify the correctness of the code through tests. In this method, firstly, the
method of generating software test cases is given, and then the
measurement method of novice programming skills is given according to
the indicators of programming efficiency and program correctness.
Finally, an experiment was designed to verify the effectiveness of the
proposed method. Experimental results show that this method can
measure the programming ability of novice programmers.

(2) This dissertation proposes a method to measure novice
programming skills based on programming feedback. In the coding scene
of novice programmers, most new programmers need multiple iterations,

that is, multiple commits of modified code, before they can complete
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their programming tasks. How to use the feedback information of
programming iterations to improve the measurement accuracy of
programming skills for novice programmers is of great significance. This
dissertation constructs a programming feedback skill tracking model to
measure the programming skills of novice programmers in the process of
programming feedback exercises. Firstly, the feedback information graph
is used to represent the code characteristics of the solution and the
feedback trace graph is used to measure the changes between adjacent
committed codes, respectively. Then, the feedback information graph and
feedback trace graph were used to model the programming knowledge
and coding ability of programming novices respectively, and finally a
more fine-grained evaluation of programming skill level was realized.

(3) In actual scenarios, novice programmers need to continuously
improve their programming ability through course learning. In view of
this scenario, this dissertation proposes a correlation study between
programming skills and curriculum learning of programming beginners.
In this exploratory research, it mainly analyzes whether the course
performance under the OBE concept teaching system can measure the
programming skills of novices. Firstly, the historical data of course
performance of programming novices were screened and collected, and
the data preprocessing was carried out. Then, the course scores of novice

programmers were correlated with the programming test results to obtain
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the course groups with significant correlations.
KEY WORDS: coding scene, programming novice, skill measurement,

software testing, programming feedback
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Figure 1-1 Knowledge Tracking Model (DKT) based on recurrent neural network
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FEAE o FRAIL S 21 e AR UE A G R 18, 41 Lalwani 55 AU T DKT #74Y,
bk L PN EZE 2 RN IS e it by el R SO il A i Bu )
o) PR AR B R, et ) MBS A, AR 1SS HEIR IR
BPE,  RIRNIR SR AEFE L 2 B I () HEAS 1T A2 2 ). Shen 55 A0 HY 1 36 -0
BN UEER (QKT) MEAY, DUARARE 5 A - 5% (14 2% 2] H Bl s 2 5 AR 1 il
RES o T 360 ] T~ SR A 8] 0 N R, i 5 43 i) FH T 1 I B0 5 76 )
R 00565 ) R R R AXORT 1 R 3 o s ot D00 36 ) e R EL MV, SR R R Lt
D50 T R R BV o o R T 00 ] P A SR R R AR AN [R] 00 56 - ) ) b
M, DA R AEARBTR B RIUIRAS . Sunl0ZE B H — R R Re sl SR,
I e B ER AN R 2 R T P SE I SE A 4 5

FEGmAE AR B, 2 AR AR TP ) R R i e 3R 4 1 =R 5 I 8 B U
Kasurinen 5 N\ [023& T —Fp = #Hi¥{l (three-phase measuring) 7775, B EMEL
FAAERAES AR P R R . N AR SE R, JT4E G DU 20 S BORR A 5 2 e
FR . Jiang 25 NOSWERR T A e, B HM R IEZLM (Abstract Syntax Tree,
AST) H (R G 80k e 2 O 5 2 >0 87 1) v ) o A e DG A o T AR AL, 3 T it
S T — M LE BRI RE RS A RO DA AR AR R R AR R T AN
W& HeT DKT SR EAR, SCRISSTRHR A SURE 109 RNN —MaA, L
PE R TR 2 R TE AR SR GmFE 4k > R B o LEAh, Zhu 258 NO4 H —Ffr fi 5 (1 2 1
R IIR T8, I A AR A 27 3T S ERE R G A 25 >0 P RS: 228 14 22 i i R 5 R R s
fiE, B R 2 AR 52 A8 AR 15 R 2 ST A 6 10 27 2E B 9 R 5 1 TR R R SE PRIV AE
B, SRR R I BRI N (BOBUIRZS) 5 DKT 454, BT e AR IR
B Li 5 N3 H R g AR5 e PR R R B g A 25 ) i FE Th O S R AR . 7E 2
PR R E D, FRMIRE D E IR, AR AT I ST AN 5 2] R G
FEfihe. B, LilOEE NSRRI T — MR g AR Zs 1 R T R AR B Y,
JmAEHREIRER LAY (PST) o IS BB R 7 21 3 B o 7 R AR RRALE,
AR R B2 P P2 B A AR 4 AE (AR A 25 RN R AR Ak, DT 5 8 2 =) 25 PR R 1 e
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SRIE, RPN I EAE T — AN SRS I R R I, Shil®%E AR H 1% T4X
B IR B AR ER B (code -DK TR MY, 2 B AE HIVE: S AL H 332 BT 645 8
U AR RAAE SRS J DKT . JFE SRR 5 —A 50 22 EPER SE R 5 A
FIARVENLI GO, AE A SR AEE R LU R 45 . Linl®745 N\ 38 BF 52 000 2
AR A AR D) B2, iR AR IE ER (Open Knowledge Tracing,
OKT) HHT T HIKIRE, FFIFK T OKT MMM T, —Fh LA A AR
93 ] AR AR 5 0%, BT S R B RE & BT VA S AR R RB B T VA S &
MIMTH & OKT A5 2Y . Xul®I5E N 1 —Fh 22 AT 9 R B RTHAIE RS (LBKT)
B, EAERER 5 ST X 2 ) F RIS R, @l s I d i S £
AL UM 2147 9, BUFEE S L S 7R, 8 A THEAT T AR SR ) 520,
WRIGRE R RS 2 FH M ERBUH S &, 587 5138 1 R RS I F 3000 2
KL

1.3 FEMRIIE

1.3.1 MRAR

ARSCE IR BT SCER R, RN T gnfR R E BT . dnfE R AR
JE B SO L B RN () 42 B B, SRS 43 i on ) P R R P R K R T
IR e E R TVEH TR, DN T RE R E B G R T ) dn AR B e AT UE
B, AEET RIS TRINEAE, 456 5 HE EBAO a8 T dnfe H
REMEATIBER, AT EDUL A B A5 8T T O g AR B B RS /KF . EEIBER A A6
FELLR P A

(1) BT omR i i F 8 F 2 B he B2 =0t 7L

ARSCHR P T G AR DU ) 7 2B R R S AR TR gm AR R o £ LS
FEHT T AE 2 58 g AR AR 55 (1 07 2ORBEAT FE &, AR H AR F A 55 0 12 e
AR R FERL REREAT FE R ROBIE 78 KA NAE, B AR D0 T g Rl i1 45 1 — R H
NIV 7720 XFESAAAE MR R, @Rl s Rz, JFH, W
RFES BB G R E R TE. B, A SCE XX AR 2 4L, FIFTELR Sk
T & educoder X 4 fE T FHEATM, 256 R4 107 B0 S ABATT 56 BT At (]
RO U g P R AT R
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(2) BT g S It B e ASE Y 10 o R 37 T G R 1 i 2 BT

AR — PP BT AL g P T T4 R 1B Y (0 Y R B RE P vk B A
S Gt A S R R R AR T SR L R T T [ S R R RN S R IRAS , S8 &%
TR T R R R G i e ) R R AR R R KT
1.3.2 B

SR SCBRAIE T3k, KR Bl 5 i R 56 RS2 6 RN R B S PR A 56 SR
2 R R AR T AR R R SR AT, DL R Y A TV, R
O 2457 e S B RIE AR P N B R T S IO AH ST ST AR AT S5k B 3, W) 01 i
AR SCHIBIT T ) EANRIE FE 9 2

SRIGBETSES, Bt G EmARESS, IF4 HA RN S E NS S, £
2 b2 G RATG ARV  ATREMER BN, R NMREES, H5E
ABATTI S TA] . PRI MR AR R S AT Vo, IR g AR L e K~ 1 43
HlH.

AT S P2 X ST 060 B ) AR AR AR B , S B ATT V8 TE S A R e
EAHRAMIAKE R B PREE, FFREAT VRS HSCHs 077 08 A S Hh T/ 0 S5 4l A 3R R A, %
AL P 5 PR HE HEAT 24T

T ARG SRR 78, 3 B AR A s g 45 R v ek 5 R, S8 E ¥ Akt
A G AU PR 25 SR 5 A AT AR R AR RS AT AR IR 2 A, AR BUARSGSRER 45

FE R i P2 S AR RRIB R AR Y, 3a i ) e R I 5 1 20 A S5 B B, 43 6t
FEHTTF 2 AR R m PR B RE AT I8 %, TSR B AL 3T F I FE B RE K, 3l
BE R T mERRE, FHRgit.

BEESREYE, R FGRUR ARSI FLEE W, KA SO IR AN R 22 Ak it
TR B
1.3.3 AR

ARSCEER T SCERBF FTI% S SERVE S BEiH M TR 2 S BOARBAT R AT

(1) SCHRBIFFEE

SCHRAIT T30 R i WO B A ) SRR Bk, SREAT 73 M AT IR A3 A2 DR 1Y)
JE o AT T IR I X [ A A 4 R R R AR FBE R VB % AR DX STHR 1) 43 B A
FC, A5 R R R T m AR B e I SR R AR T 0%, DAR BE B R T R A
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H, RGN AR LR RO T A, A RE IR S a6 R g R R R
RE 1B BRI R AL @ S Al 1 A B2 I R KAt

(2) LB

SLHRVE R U RS — % I 7 H ks — A T 5, BREE BRI AL
FES5HEAT 2N, RIF e B sEh g R . A Cld it SRS, 3
DA 2R S AR 9y 8, TR B 20 P B R AR 2, iR T BEAERUE
BFRIY, SERCEEA AT, LR G AT R PP I AR 15 o gk
ATVES), SRAFMATI IR R AT o I e R AR ) 521 B S Ak 45 R
AT EE, SRS (BB

(3) Gt ok

Grit o M R T A SR TN G & R & BRE, BEAT R SR 2
BT A gt v, e rb B 45 0T () S5 1 57 B ATL AR A 06 0% AR BOAR DG AT o AR S
ISR AR AR R URFE BG4 LA B SR BAATT Py g R Ik 2 SRR T AR S 2304, 4
AIRB W FLURFE SR 5 B B Y FE T T I AR B e /KT

(4) WE A I7k

VR PE 2 SR B TR FE N A I 4, BTESEIL E 25028, TAN % 2] 463
RE o AW FU3E I 45 A f 2R T AR R AR AN g A% S 4 2 v i ARSI ARAE R
e e S B RRIE AR A, DT B R IE B g AT T M SRR e K

1.4 ARICLAZRLER

AL EERR MBI T HIHREAKT, KA T 2RO AR R SR
—Hbr. LT REAHALSE MR

B 4R

KRB NBEANFBE TR, N TS S S8 PPN EL & 2%
I T TAE . AR IS T HiFEBRE LR AR R RIB ER BT FLBLIR, WA 1
AUFFCHIN A BT

B W TR R

ARBERNRN T SHIER R B RIS . BB A%, AR 1
P A RIS R, BT T AR g RE R RE L &7 1%, Al ELE N iRk
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s RR VB T — PR T AR RE IR & .

F=E TR G T AL B R R T

A T B AR T I I 2 A D N SRR TS R HEAT ELRER R B, VEARIR 1S
Rttty HI MRATTR, IR S sl RiEAT TIRA DT

VYR BTG RE I I R BT T g R RS B T

AT EA R T U] I T ST G R Pk o T R A TR R 9 R S Tt 5 E B AR Y
KEHFERRE . ABVEMEIE 1R EE S Hngek . MA@ Bl & S8
B R M
BhE: REERY
ARBEREEE, AL, FFRRERKBI.

W A R BRANLE G, ASCE AN TR ER e, &
GBI IL, NIREHE A NBRESR TR I 7 (BRI S ERS S

&
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£ 28 HiEpEEERL

2.1 XS EER
2.1.1 RIZMH

O MR I R TR AE SE PR AR S oy, B AR T I 04 b e s o & kAT
PRSI 5 EIX AN, JmAR TR 26 b gt ST & SR i g A% L
Hoo ufSils 5 MOTRIAEL, BT Scbrgmfisdle, DURE A CimiEsiae. XM
SO T T AR TR R 2 o) L SEERARR, LASAATT T 5 A 1
FEACRE AN o I XA 5, S d T r] DATE i o S 3R AR AR AL g, A
Wik T H CRIgmIREL RS, AR RITHRNY A R 4T T WS i Al
2.1.2 HwiEFHhF

— M HIFE T AR FE NI R dafE TAEMIN o AT B 2% — 8 F T AL
Bl gmieEEnt, Rl S MomiEtE S METET, MOt BRI AE 1
7 THI P i) R R 3 R R A R IR R B AE B 77 43 b ) ORI g ke ] 1)
DA 5 1) 2 ST RIE BLBE T - R 53 1 TAE AR BFE AT R « RG0S5 BT
RGAEY S

PP SRR T ULAIRZ R, 5 WA VIRFET R PR R mdfs
J G RN ZEAE Uil

(1) WIRFER A 8 B — 2R mIEREal, BEE ST S al— LU S 2
FATSS, W THEAURHE R R AT — €1 T, (R ] Be X 52 2% B4R (] AL 3
YA EEP

(2) HEREFR: A& —wMRmBELEAERE, eSS 58 BB 2 M5
FAESS, XA T RORIEMTTEAR — €W T, Btk — L8 DA

(3) mPREFR: H&EEENRELLARNME AR, B80T 58
HIRMIMFAT S, WA RN B IR T, REWS IR v — e R (i
A ]

(4) ZERGIT: S ATER BB R ST ¥, 5T R G 4R vt
e ] AN S B AT RGE I AR T T7 28 SR AT T RO R R BR T AT TR
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B4 RN e 2 VA0S

PR A D AR Vi

KL, ies TRAIBEEE Tl MG S5, MABIIRSINIIT K
BAF R GRS, AR LEG AR A — % AR AN R SE B 2 B0 AR P 02 o A AT e
RSB NI EAERIZ A ), Re B AR ALS P B AR RIS A T i, H
AR RIS I R RGN ST o (ESEPRgmFEd AR T, SARH T r A Fs 25K
PIME B IRRE T A 48 A B, AR AE Rt R @ B0 1), 528 B S
AT T .
2.1.3 YmIZHEE

FBE A2 AL BEAR SCRIR TR LABAT AR 55 BT 75 B0 e 70, BERE1A) SR AT IX Lo A 5%
Fri mdiRe . BoRew S IUE AR, o = AR SRR DR AR I, A 2-1 f
INe FBETA S 5] AT/ 260k A L 3 AR AR R /A AR AR REARUHE T .

gm AT RE AR P U m AR AR B0 68 7, R HL s Rt AT AR 55 R g
EARIL T FEF ARG S . BIE MR 25 AR RE R, DLW AT ki 2
AR S e ). MAh, RFERREICIAEE T LR At R4
BUR S Z T AN UURIRE ) o R T DB I A BE T dm BB RE, AN REBE H €
Ll R, SO RESR R R AR P, AT B G S . H T H AR IR

9B I =41 o = R LEE S I IERT]

% K #80 K#3400 K#710 000
AR i fE A A E R

B 2-1 BCRETR] UL 454 ]

Figure 2-1 Skill dictionary structure
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2.1. 4 MR FF %

MARIX BT & (Test-Driven Development, TDD) J& Mkt &k 5k, &
SRALETF RO AR AT B, DA ORACAD (1 B AT w] 4k . IR Eh T &
(A AR R, e SRS Z 0T, a4 S MBI, SR 5 AR F 41120 5 A0,
DUR OR AR 156 2 T 1 75 R 1000, ZE MR IXBN I A by, WK o) 6 R ST . BT
R, EATRMRRIEA R T RE AT N . TER S MBI, 25 51 ROZ R ]
e 55 BT A TR O, DA ARARAD (M Ee P A P S8 1k o ZESERRFF &, I
RS FF R T7 il S HARIKAE T R 72, GBI KRR AR BR824 S5 A
ghty, DSl U T R RS o @I IR IR F &, 5 G4 AT LA SE G b 2R
ARG TR AT RE, 32 ARG o &R0 o] e, BB % 5 Pt i BRI S ARAD
1 i o

Rl 7ER: TR 7 RO IR Z F A A SEBAR TR, AR SRR AH B 1) G P2 55 HE
EHPNRENE AR 5, PGB T R RE K
2.1.5 INHIZHT 5 FIRIBER

RIS T A — PP AL 27 o 38 70 R 8 R B BE T ) S AR 1B 1K 773, BT
WA 2] AR R g DA TR 7 B R s TN 55 5o SXMZ I 77 2O T A 2 g 2
(Cognitive Diagnosis Models, CDM) , 1X$p @ ik 73 A1 2% A8 IR B R 2Ok HE
T At AT D% 5 AR A P S R A 0L« DA RIS T 1) E b 2 S A B A SR L A 1
Wi, B BhBOM B 13 7 AR LA (1 A YR B B8 75 B0, AT S BN PE AL 1
EC I

FNRIEER A2 — Pl A AL 5 5 AR AR B, BT 10l 2% =) H 7%
) T AR AR T R A B A AR 0 T R AR A o R R B R A T DL
[ 28 B AL AR RE 3RS 2R , 38 3o 4 BT 2 o0 3 19 2 S S B AR B i R B HonS FL il
BRACE IS T o FITUB BRI H 2 BRERFI TN 224 1) 2 S R, AT SRRk
5 S R AR IR BT RIS I RS B it

WIS R B B B AR B 8 VT Ak R MOt 2 3T 10 2 S R, (B e T =
SN]SO0 BT VP A1k 2 o 35 E R — B[R] 1) TR B R S AR 15 0L,
TS WAl A SR LT X M B 055 7 2R 1 3 B U 00 B o i) R 2 T 3 ) S
WA, B ORI ARG 5] B AR HKI
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2.2 wiIEHEEEE R E

Y B AR B — P PG RET R R B R 05, e iE I 2 A7 Xk i = AR
J7 A R AR | GRS R PR AR o X 7 G G 5 RS R MR A
NI AR ga S AR FE AT DASCTE R I 18] Py 58 SRR 7 1 v B 3k
WA, HAT, AR AR R R E R BT AR 2y B B R R R e
221 ERAEE

HEA R B R A B R T 2R R EE 4 T MR T4 B 2 i
BEAT %5, I B4 R 2l E MR AR B AR KT

FELL LIS B9 ST T SRR, 70 N T e M B Al AN T 9 ARAT
PPl o o, BET- 4R = M I DAL A X 32 A3 58 R AR AT 55 1A Al TRy Stk
AT, HA TR LA A Bhas s, ARAE AT 55 ¥vh-& BRI
MAREE, f 5 MRS AT (R PP 7E 2R AR Lol (3 9 ) B s AT VP A s i
BOHTIE, RABIRAZ MIEARRT, K R4 il SOE M TR, S8)E THER A1
PEARRD 5 IR R T R ARALAYE AT X LR AT 1A
2.2.2 [ERAEE

(] P B o R T R B I SR S RSB T 1 B 5 9 RS AH O A AR A 2090
KTV A &, RURHEAR . WM. BESL). BRPE. R
A . SRIURFEERR  20H 2 LR E IRV AL 45 SR AR B T A A
(772, T ERAR B U 7R A G RAR (M BRI B, LA St fan

(1D AR I R L AR S e AR G 1n) R T 7 1) 4 BT 2Ok T &
FNTFR P 72 I gm AR 52 e KF o KPP OTVEIE T 28— R 51 5 g H s A oS 1 1)
IS i he s TNCIEZ S I Ik il S B iy A AR TE it pd s

(2) WRFERLGT: 83T R URAE 1 f 26 BRGTR B2 B R TN 7 A 1 P2 14 e
Ko XTI T S R G A B, @ I AT AR TE AR DGR AR R 1
RIL, RIFAABA TR FER REKF .
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2.3 wIFHEEEECEE ERIRE MR
2.3.1 [B)EEiRE

It L3R X A L X SR T B Aot B ) ) 5 SRBCAGBROKR, BT A S ) 2 R
REZE SR R iy o 1717 52 4% JEE MR A8 1 2 BRI A A AR A IR M, G 2 &5 Ry E 15
W BT AN B R AR R, AR R N ki B ) g AR S RS A TRk
HER . BT IAEIX 40 F BEZRE, (HIERAREHRERE L=
AR T, XA BT AT AL TP AR Rk RS b A SR B B2 (06 TR 1 O3 7
PR RE

SR, X THEZERS 2], HEPR B A2 M gmiEs TR Ui, M 15E - gmie+
RER) EZ Ay Ol I TRAE 52 20, TS 28R . DRI, X LEPRAE R T e
JE R T AR H Rl S5+

fE2013 F e, REFIATHBER T HAFESI T TEAFIE, 615
OBE #:& (Outcomes-based Education, OBE) fEH EEAILE L. LIS
AR B, MITEIMSSEZE BN B 5 S2hr > R SE 7R 2, BUR 3
A B AR E RN T8 E S Fm B ££ OBE B& rp BN 8 77 A XV g
JIRIEESR, Aoyl AT MMRAPEE, $IRERAE B bR b BOAS R B8 0 2K
XA AT B A R B VE e, Lh 28 A BT PR B AR AR 1 )

K, £ OBE BN, IREEMSGUZ 7 AR AR 5 I PRER AR G 0 RTA NI SRAT X
NEERE ST JE, R AERAT B AR B RS S, AR R AR — R SIS LR 25
B o BRI ENLE VA SR URAE B 5 A2 2 TH AL S AR 5 88 ), X BLt mT
W B FA R AR RE -

WA, PR TR 5 AR FREA ¢, JFRE B BT RE e ? KT
FEERMBHREIIRER, REMFEEHCEKIN 7L MR, X T2+
TR, PR A R BRI R E I EANTE 2 o A 1 E 0T FU MR e IR vT A E
AN THMAETRE, DA FE RTINS S MR TRERI AR SR UE, #RH B 2 A1
K URAE
2.3.2 #uRiEE

(1) URAE HbRIk PO 14 52
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AR T 1) 7t B R, R AR BRI IR, DLW URAE H AR Ik A
BEATEEIPEAN . BRI, FEAR TV I S A B R R b 7 S i — A e R R H
PRVPIT AR 2R o ATV EREE H AR S DL LB L SHNE N T, HF 25 IR R

iR A B R S AR 2, T R 2R AR H ARk BB DL PR o BRI PEAR
AR E RS

———— MR RRATIEE G SRR, W
M e R R BN
11 JL
I B R I TIN RE O
BRI SRR IR SRR 3T R

SR ‘! o DR
t %mﬁﬁ%%mm%?ﬁmo
A Mg 25 2 3 i 4 DA B R ik 0L
PN RAR bRk | ‘ﬁﬁ AL PR 2 G IR H bR IR R
il FE TS BT R DA R AL RGP VA I R
‘ 2 H ARIE BT P AR .

PR L ERRRHRRAUN RS O T
FREUE . SR E R R

K 2-2 PRAE H bpik AR DL PP AR
Figure 2-2 Evaluation flow of the achievement of curriculum objectives

VR BV B AR ik B T 505 00
Ry

C: PREZAYE A H ARk B T A

Wi PRAE H bR i B3k B BCE 28

OB;: WAL H w1 AT HAE, 0B, = Hiw i 3B/ Abs i FIBEW,.
Bi: UREEH R i K57, Bt HAR i M 5% 0 URIE BAA T InBCR A1 21, %

BRI IRLE Aw;,

Tj: HZBUEMAE, T; = %50 WP 58S,/ 73 Bwi 73 M; o
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wj: FERZ T IALE, w0 KRRE BRI B A% 07 T SRR 7 e 2], B

A WA IRFE R

bj: BRI TFBINST, b RGTRE, — R k. K. FialsEE RS 0 8

%7 AN MRS Wk SR . BRI EEAR M VRN 15 2

gt CanReEgsl, 5ERRE D HIEAT IR

FrUARHE L Bk &R, 53] C it AT
c=203i*wi=2%*wi=23i (2-2)

(2) Hodfs i) £ B fRAIE

VAR H AR BUIE BPP O A RIS e KA WG WG R beiE. ol
BorR. BRI RV RS

H5E, ARITRREE R LG, AEREITEXT R B AR IO K H (10t A
s RPR WERTTIE, DL SRR 5 S A R 0 I AR I il iR AR AR 4T 2 A
Yo SR JE ORI DO A5 B A PRAE -

a RIETRFE RIS . Fordy, F5 ZEa ORURAE H ARy & 28, URAE H Ax-
FEENB IR B & EELE.

b RIEHE N S IRAE KA & o AEEA R T /5 ZEORIE U 75 1%
WARIIERE « #r AR BEATHRR 58 AR A TIUE H A

. PRAEH % N A SELPFOT URAE H AR & B . S0 ZE0S 25 12 9 B an ) F2 2R
P2 A AREAT AT, PRI S B

d.PRUESE TR & 1) G 34T PRAE H AR PN I S 2 E . 2 20 & R B RUE
B, MRV R I R, S AT A B
2.3. 3 BUIRTNALIE

R THAERREMEE D, AR RS BIRRBOIE K, B AT g
H L ARk L BEme s |« a2 BRI UAR UL AEE R SO, TR,
i BN PR PG B AT — s RE L A TOUA B, Ao B AN M P 7 W 45 R B s

T

%

I
i

(1) Hdfiii
B SEAEARE AR G P RO BT ML I I AT 22 A B T AT IR A RS R e B 5 X
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ELALFEEEA LV 1 DU E L ) 22 A RS, SR JE AR 43 33 e AR SCRR LR =
PN R ERT S e

FER I R =2 AR RS, BT, SRR GHELIREE R R
PR ) I F RS 5 N 2 B G — @ R EIREE, DME TSt
SR, HiadE Java BT OE A TR BIERS. KEUEAE i 5 b2
TR PENARE S BREEI AR 1. B BIRACEE 0. Hdi s
1 gk ST (CHIEF)  BFEITHRIES (python 155D « KFHE (1,
I 3 SR SR MRS — 3L 13 TTERAR.

FER I K U 24 AR i, JEAT RIRE I iRie, DAER M s S0E S
FEFIE (CHEE) (EASHL, Fifikh g LR, Bt HEiES (python 15
B R R RN BRE RS PR RS AR 7 TR

(2) BHIEE

1) BB AL HE

FEPLLH S, SREUE S AR 1) 2 o 2 S8R R R, N T
A RBUNE A X e SRAR, AR ST 2 B AR 5 1 7 AT A P R F R T SR ) A B SR
TEARSER A, Fr e (FERHET SR IR e rEsh ok, &
VPG, SRR AR B A S 1) S B R, FTRCR A SR A T, Y
HPAME IR . SR, HA B — 3 WA AR Bk, BT S HE Bt
KRB, ZHEWEAR, FrLOR AR AR .

2) HARA Bk

TERE— R BER B, AR R — AR D BT e A — BURLER J& 55
Horp 7R 2 A S8 X T TERFR K AN R, 3 Tk A S AR TR B — IR 21X 1R
FRIG, RAGEZIRAE, TRTEEEBEME. X mss, 405 e a2 2
R 18 T BORTE FAZE 2 A0 B0, T B ASIRARAR R T 1 QR R 2 /b 7
It LB A IR 5 — R RE G E N LR I I i, (AR 45 s I B sk

3) HHEITURALE

B TU AR 2 s B B A H O A A R I B TR S AR
PRSI B G, AAAE Hofb B M a2 B L SRAR 5 IRFEARAD . RBUTEE,
XK R T2 RIEE, BH T HIRTITE, R MR,
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(3) #HEHhid
Sof 22 A R G AL FR 52 LA, R DA X S B AT rT AL I — AN, oK
I AHATE AR .

30

25 17 T

T T T
5 G0 70 80 a0 100

60 70 80 7
Software Engineering Data Structure

& D ka3 _
ﬂ [ [

U T T T T U T T T T T
85 70 75 80 85 90 a5 65 70 75 80 85 a0 95
Java Programming Computational Methods

K 2-3 BREERST A1 &

Figure 2-3 Distribution of course scores

Mo b K = 25 R PR A e T LU B3 SR 1 4 M A AR
EASAM, AP e B0, TAORE A D22 A RAIIEAT TR f %
43 A S A B A B
2.3.4 SCIGIGIE

FI AT R AR — N 20 TR, 95 B 2 A R AR %
I U REIAT AW IAE K IAE [25 2 40 SUHE R B — R R R AT
Btk ST R SRR R AR

FER AR 2 8T, AT LM A7 T M B o 930 B 5 4
WS T AR, I TERSE BT & RATHFE S, LB AR SH ARk
SRRV S S5 BT A IR A A 1] L BT A
e 2 (R AT R AT, DA T A T 5 2 B . 2
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BAm AT AL, IR R A 55 1) B AR 280

SR JG A U 27 A 70 B A D A 55 1) 6 R 5 VR A R B4 R AT AR DG 1 )
s FRAGHIL IR TS5 R
2.3.5 LWERS N

TESLIR 5 R T LA, TENE T 5 A 10 G R B R 20 B 5 A AT T A DR
GUIATAHIRNE DTG /3 1, B TR MR S 5 ARk o B Al 0%, I Hiz
RS R IAE P IRAR R B AR DR, 5 5 o JE A SRR AR BT IR AN A G

ARIOR 124 2454 R EHE AT T8 E, SR8 BT A A R g AR e D
GBS AT URAR ST AT — AN AR OCYE R 20 17 o B T AN s I S 0l /2 75 R 4%
YRR, ASHEFCR AR ROR BRAE K . SRAFHIP AR, IX LU B 4>
HONEAF TARRRE G R B, X5 SRFAH AR S, 8l B R KR 1
HARLEH, BAERS, Java P&, FENAR S SEMWRMER, Hh555
B SERFE MR RAE . 75 13 MRER, 77 MR R T EMHRH.
HARIEOLANEE 2-1 M7 H0 5 URAE Gt 1 0T R SRR ARG

F 2-1 Mo 5 IRFE RS 0 B B R 2 B %

Table 2-1 Test scores correlate with Spearman rank of course scores

P55 RREARR p N
1 BATIE A54%* 124
2 BEFHEIES (python) 334 124
3 HdEPEEEL RN T 297+ 124
4 BAEAN 273%* 124
5  BIERS 265%* 124
6  IFHEHAHM S 254 124
7 Java BEF 232%* 124
8  RE¥ufrit s bt 222 124
9  HrrRUERALE I 197 124
10 ®mHPEFEFEIE (O 183 124
11 REEIE (1) 179 124
12 Hyd 8 SO AR R B 1S 117 124
13 ETE 078 124
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LS A A RO FE B O A P SO AR, 245 S I SE R RAT 5
O, VEI0VCH DL AR DL AL V4 S 1 I R R AT . 8%, RS
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(a) SR ML A TRL R, AR YR 5 LEH SR, BR i
PR TR, TR T I3, LM% L B0 5N
BRI %, Nt A TE M 52 A 2 (TR 5

(b) ZIRH IR AT AL, S R ES (O 1), ST AR
R TR ISR T

() S ML RE AT IS, 52 ARAFEAT 0N VIR U H 5
CERH IR TR RO

S, SRR BIRT B, ACBF UL 2 T H P AU RIS AL, 1K
457 D REEL £ 00 0 0 0, DA 38 U S B
VLA R —

ST GRR I 0 BB S R T IR R AT, LB RIS R
L 0 TE A S £ 52 PR 5 OB 56 ] B AR L 1 43 3 R
HEACT AR BRSO B U I 2 T

(1) PR AT

SE R 50 § IR 25 1 0 U P SO P8 0 S 4057, B K
IG5 R TERPEESY, IR R T ARG BTN 02 R, 3
L TE B 545 E DU A58 RN S50, A T RN SO IATIBR B
51 B 25% 1 MRS IR F IS BRI A 4

Rk, 56T SR 05 TR CE 55 1 TERIE 5 O, 1 BB T

i
Qi=z X, Xw; (3-1)
j=l
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HAE S TR S5 I M IR, JE LI Sm Cm 255 § AR 251
FiAT IR R BISCR) , x, A4S § TR AE 55 ThOmRt 38 ST PR, o,
SR L4, T B 556 7 L

EER AL TR, HL50 1 TR S5 (0B TE V4
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_ { Qi,Qi, =0y (3.2

max{Q;,Q;, * (1 — 25%)},Q;, < Q,,

Hor, Q AAMEHISBIEAI KRGy, Q) RANEE BB KRG #7Q,,
5Q, A%, MFRZAE RS SR, susd mm oA EOoR RS,
R A2 BEANZ AT A 0 AT U5 45 Q, < Qy,» MR RZE S 54N A, Xt
FRFFREAT T — 2 AR R B, AT (A d (i A B0, AR L T
FNAE T TE B LT o FEIX RN R, KNS SE AR R — e L RS
5Q, HATHE, BUHS K.

(2) W5y

AHIT 5T I8 1 32 A3 A S I TA) AT R B 27 4 L 56 1 T m AR AT 55 R
AR5 E, o BARTHERNE

W.IT:
e =log™ 1" (3-3)
e.
E: = L Xxg (3-4)
: (€ ) max

Hrf, e RoRGR i WGRFEAE S A A MR RCR, T R R 55 S
s () max FANRE A R 2 I RER, s FoRXNME. 734h, 2 RE

KIS, B RIE I 12 g AR 55 AT IR 61, 22 2B 28058500 0.
(3) R
RIS &V AC; 1517 G F: T 52l 1R A AIURANAS, 38 0 e r R iy
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RA B2 F Il MG, 4 REx AT BE AL A0, B
ARRDAEAE ™ BRI, AR ST A SO K. BRI SR g0 0 B R 2%

*® 3-1 A BESEH £

Table 3-1 Code quality levels

E 2 R e T Ak K000 I ) VA K00 ARBE R G VA 0]
A 0 M IR 0 sl 0-5%

B 2/ 1 AMRCERR 2/ 1 M RERR 6% - 10%

C 2/ 1A FEHR 20 1A F IR 11% - 20%

D F/0 1A EEE R 2/ 1 A FEEFR 21% - 50%

E 20 1 AN FH W R 20 1 A FH BRI it 50%

£ b, BT InRE I L B B A BT T AR REACT S TS A 30
LIRE

n
S=Y W, +E+AC) (3-5)

i=1
3.2 izt A 5 B A BX

TR 12 AR TP A% L Te 2, RO T SRR A A2 R 52 D REBK
Rk 4% IR U AR BT — R 5 26 A AR o X 491 B 3 i A\ 080
PAT SR ITUIEE IR, IX L2 Oy 1AL S (0 Y 3 St el A R AR AT 9 1 1E
B e o U B 1) 3 2 R B R R P i i, 38 TG 5 ORI I Ak
RIGEFFHRIER . SR BT & R A 47 4000,

S T T R A T I 451 ) 2 ROR SR BN G R T 5 A2 IR e (R B 2
Pt o S5 E AR DT 7%, A PR G DS At 0o i R A 55 WA P 1) 75 5K
Dhe B A Al A BRI B, DTS e RE 8T T 58 I RE AT 55 (0 1 DLREAT PRA
& B REH T IR FE T RE -
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JNEEEAFEVER. AN 2erE. B SN,
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LN R, RN AT AR I N S 8 o LG R, AT I A
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SE IR ARAT 55 BRI T] L 3 5P 8 A R AT 5T 1 ik 1 45 SR 45 5 Hhoxd e gm A4
REZK-FREAT . Rl D e A U7 v 3 O AE P i D RE S BUE O, 18
L N B EETEAN R E RO, B BT IR ANPAT 45 R 55, RAIWT IS IR R
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BARR D ge A s bt nis. @ En k. BERENESE.

(1) FEM ik

ey CP R SR A E WA €AY Ea UL TTPANC 5l 95/ S e e
K, BTN REE B R BB, AR WA B ig B — B
ZAHHEAE I P B EAT IS, SRR e Y A AR E 1

A R 7 A REEN BT REE 2, A RBEEN g fa st i
HIThRE TR, & B HA S A NS R & TREEM R TR ET X TR P
hRET R, AE R ToR SR NS & L AMOD B T &
PR o
FERALL — ®IEME — EFRIREE — BHIKH A — PATIRHE — s

K 3-1 St It o b B AR K
Figure 3-1 Flowchart for dividing equivalence classes

(2) BFHE ML

10 FHE 73 2% 3 B i AR P AR NI FHE (BOR AL de/ME S M
—HE) KATA, RIGUEREFF ) IERAVEAES E M. —Bokud, 4 FHE 7 B A&
KRR R, —FFENEH. HARDERER DT ER.

WEALE — RIARE — BERREE — A — PATIRA ] — arbras R

K 3-2 s b B AR
Figure 3-2 Flowchart of boundary value analysis

(3) BEEREE

PRLR B 2 A T LA o i N2, SOl B B 5%, & TR B e
BN SFAF LA AT 7 o K % A A\ 37 St o FLBEAS R AR R A i AR A
KOHAEF &R ARG R, AR H VB AR B R [ AT A R

FERER B, CiFoRIER, e FREER, 7 4 FFRF5 053K R 7R Ui B
4 FPEIR KGR, Ci5 el nJUHUE 0 8% 1, 0 RIREANHI, 1 RAREH
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o HIEARRFS H5ARFAIE 3-3 s,

&

E(®) | () o(itt—) R(ER) MGE#)
Bl 3-3 PR B BT 5 5 20 o A
Figure 3-3 Basic symbols and constraints of causal diagrams
By NARAS Z ]I W] REATAE S L0 1, B H 45 R AR LA 2, TR RR
NLH . HPrRR XA 28 R — AT #r v S H 7. B8, ME—. 20K
AR i o

3.2.3 MK BB E R E X

A 5 B9 5 A I A9 P v A B o A R TR T B A T AR
gty RS SR A B S BT A R R R FRAT 55 IR AR, SRS R 4R
AR T S IBATIRAR Y, PAFEAEAE NN AR S5 A e s, A
73 A H R e 1 IR B V4

fln, TEgmFETS 4 RIS BT PR H—38075: 211, 372,
5/3, 8/5, 13/8, 21/13.RHXANEBIHIHT n B2 AMHVBEEEL 73 n BHERRFP
FUT, Je AT s A RN E , JF B n<=30, fHE QR I 174 RIS OR
ZPEHN) .

KPR FEAT 55 2 RSN 2K 53 R FAB S W7 7772, ARABAT 2% 75 SR s
B NIE n<=30, SRJ5 P DL ZA AR 2 A AN 2R 5 TR R R A
H, Bk~ ERTR.
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— HRCENH e
EHHNH TR %

Kl 3-4 f A MHIEH
Figure 3-4 Input value range

SR IE AR AN E Va0, ] DU BSOS BRI B, an R B s .

i 4 EER 4y
BN JERCEAT 2 1<n<30 Hn B n<likn>30
SR . AT AEHE. BE - v i 2
B\ B b N [ > 1=s30: 1 2 ol 0v e
F&ES. (LR BHEES. (34 10~ 20. 30
B 4 B ik A Rk RESTIEEA n>30: 31
) FhTED
& AL 71 N LM A i A
i E TR A fifa 5T T HA %

B 3-5 0 B 51 SRR 41

Figure 3-5 fractional sequence summation test case diagram
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BB, SRR, 2B, . WES R 24T,

HARThREM K
REHFIR

Classroom Teaching Toolsets

MARE BlliERE >

REREER
SRR R R
), 35, Rl PR Ei. G
RS AL HETEETE,

FHiX SO

Y SR AR T ST

B, el IR, SIRatn
R, EE. IPHAHETESIAIEEELS,
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SRIEERESROAl, 35S
TEElL. SERRRN, SEFUSEEIL
A, SETREBES IR,
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SLREOBE (REESTIHE) BAF
M), SR, SR B, RS

SHIE, SHEISEREST.
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Figure 3-6 Educoder classroom teaching tool diagramm
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HETHRETAXFEREED , FTTEERL AN A By SghEL %% 1
FAAE SR AR T b B SIS A ORI R A H B, BT U R
I RE20 06 ~F B 1A 2R BENE B M 5 X AMESS

* {15 HUEBANER DT

* HiLHE: x SFEERE S v

B

public class PassWord {
public static void main{String[] args) {
¢RI T AT IERTE A RIS
mt[][Jarr =new
mt][]{ {90, 88 87} {8000 77} {66, 78 60} {77.00.00} {80 T8 67} {72 87T 8E11;

&1L Begin-End EIRE 8

ey e ] BEg.ﬂ o e e e sk ek

(B AR ARE R SR
mt xy;
for{ x=0;x<amr length;x++){
mt suneE;
for(y=0;y<anfx] length;y++){

surrr=an(x][v]:

H
¢ BIE MBS ARNES
Systern out println(x+1+"SEE£/ 249 "+sum);

}

{ o ke ok ok ok ek End & ek ok ok ok ok

Kl 3-7 455 1 @ H ZARESE
Figure 3-7 Task 1 problem and code diagram
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ZSEE T 2022 4F 4 HAEIX 124 25 AES I URIE SEEe IR Eogmk, 78Kk
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TE 2 J5 BB A e A AT 7 B ARRE R E B0 SR S B0 i R v A SR AIE
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AT IR B 2 R A, ERETR G AR AE 55T R — BUR (] Ja R AR A H,
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XX H TS, DR SR R b e SR T BT, B H AR AN 5. 1K
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3.4 SLWAERS I
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TESEIOAIE BT LA, BE B G R AT 5 1R A FE DA R 25 ] ) R A [, %
AR AR ], AR R UG, fAT e HERERT RS EMARCE £ . fa— MK
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fERR 32 FPHER T 2 2E S X S g FRAT 25 1 . ForPr, AT AR 7
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FEERTERR T IR AT 55, it LA R T bATT ¥ 58 RO BRI IE i 56 AR A B
AIDLE R, 37 = AMESAET I B, B S N 2 . AE55 4 FEZRIN
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3 3-2 WAMES I 58 R R

Table 3-2 Overview of each task

T IE#f i
A MRS AME INNEIESLIEN SE R E IERf =
s SLIEN
1£55 1 9.75 9.40 10.94 81 71
1155 2 6.89 6.37 8.57 56 22
1155 3 7.82 9.55 16.07 92 53

1£5%5 4 15.97 15.22 32.90 111 13
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Table 3-3 Comparison of average scores

A RAEH R
1145 3 7.82 19.06
1155 4 15.97 20.00
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AR 5 E R 2 IR G DR R s, DA RS IR BETE ELBU T, 1521
S A5 R AT SRR
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Figure 4-1 General exercise process diagram
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FRERE (FTG) SRR 5 213 itk BRI AL . ROBHER ER B & — AN MG
WE, BRI PAT EREE, B 875 R s AR AT IR, 91 ok 5 H
PEIRIEARHN AT 3, BT IR R PATIRGE Z A1 e 4, 1% B2 il i 7 A
AESE AT PSR A & ) o 18I S 1S o PR S it R R PRI AH 5 6 1 07 XOR B e
FEHT T g A2 5 ) IS I RE 7K o
4.2.3 ¥IEE

AT FEER B A Lt R B, a2k B IBM f2 it i
Project CodeNet Z(#i4EH ) AIZU Cpp FIk H 7E 28 4m 2 5 58 W0 Atcoder.org [
Atcoder C #¥lidE, FEh CIETSH A k.

(1) Project CodeNet H(#z4E
CodeNet H 45 7S K& A A K E B KA REAR S G AR BIEE5 3
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RAGI T, TR AR FEA R oy o 2R, Vs B8R 8T e bl s, 8
TENIAE B P B O PR SR B 2B R S T RERM RIS H ,
TS T 2R FEE S A4S, 0 Python. Java. C++. C#%5, FINF, HiE&thiR
i UAFEEEZNMEE, EEARERMmERE K.

TEAELRVTIN I o, DLURFE AN 50 28 (0 T 3R AT G A ) R 008 412 B X I ]
RREVERAC R, XS HEAS h B o B AR AT IE A R o 1) A | $RACEE I
AAH 0 H 4l 3@ S % Ft REST APIs 3745 .

1D MBSt

CodeNet JL 407 13916868 MEAE , 439 4053 AN [l /. EHE A I REH, 53.6%
(7460588) #%E32 (AT 4w kBRI M E KT 5 29.5% KM I bR e AR Z
%, HARMIMEHE R e 18170 R BN AF BRMIAIE 26 48 T AR, X RIZH N
1b (R R4 v B R S B SRS IR R 55 AR B0TE 5 5 b 95%2 H C++.
Python. Java. C. Ruby #l C#REf). C+HEmH WHIES, #2387 8008527 1
U EH 57%) 5 b 4353049 i dd% 2. A 7 F ' BASEEA, Al P
BT %o FI R 75 SR M R B S Rt A . ELAAR S 0 LT 4-3.

mm C++
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Figure 4-3 Percentage of commits per language and per state
2) A7
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2 Al R FEiE = AR IEY Je 4, 9140 Python [¥1.py. K2 HAID RG] A £
Er— AR, THRAE 4 T AR 10 R R R AL LA BR L
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K 4-1 [ e E s

Table 4-1 Metadata of problem levels

name of colum data type | unit description
submission_id string none IR T I ME—FE 44 ID
problem_id string none i) /85 1) B 44 1D

user_id string none e HFH M ID

date int seconds PR H B (Unix #4320
language string none PRAZIE WU (0 C++14->C++)
original language | string none JRUGTE & G

filename ext string none SR PSS U R4
status string none B RS R R

cpu_time int millisecond | $HAT I ]

memory int KB RN AF

code size int bytes PEATPEAAG K/

accuracy string none PEAZMAEL (A1ZU ¥ 5

R 42 BRSO s

Table 4-2 Metadata at the data set level

name of colum data type unit description

id string none IF &t F P — 5 44 1D

name string none ) 5 P T R

dataset string none JRaREE4E, AIZU B AtCoder
time_limit int millisecond | OR35S 1 5 K B[]
memory_limit int KB FVFIRZZ I KN AF

rating int none Ir) R P HE 2 5 )

tags string none M “)” RRrRs1ER: RAEH
complexity string none ) R AT ) R s A

QLS SUEE R TS
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Table 4-3 Statistical tables

Gt AIZU Cpp Atcoder C
Z 5K E & 5268 6282
SRS ) R H HE 2206 1670
f R TT SR B 271189 425238
2 RRORTT T EE 51.48 67.69
1 AR SR ) I R 1Y 30.89 36.30
R ST R S 3 1.66 2.00
F1E BT ME 0.77 0.62
R ERITT SRR 2 74.3% 92.17%

4.2. 4 {RBFEME

KT YmFR IR 54 BRIE BRI Y A 3, A 98 87 Se N BT B AR U AR &
EOEE RN . SR)E, g R R REIE BB P AR o 77 B4 BI85 B i g A%
Rt AT RN Hr AR TT RIS B, A SCHEGR AR SR 2] 1 A2 A FHAS
[R5 SR TR gm A SR AN g i e /7 o oy, FROMIASTHR AT DL FH 4 R 1 1RUR 44 B
RE AT HEAT T o« B AR R HELE I N BT, FRAERL R AN e 4 Bk A

————————————————————————————————————————————— e e
| | T e
ﬁ ﬁ FTG | ’ |~ """ | II """ -

FIG |
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. fig; R
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Hiee ] - PR

1 e e[
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Figure 4-4 Programming feedback skill tracking model framework diagram
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IR BAS; = (W, E;, AC) , NNZERBUEgW, A :
1
W=7 I (4-1)
—t—+
W, E, " AG

R, 56 j B ETA St E S R BIBUE A -
GW; = softmax(gGy, 8G2,8Gs -+ gGy) (4-2)

Horb, n R j it RBHE B - ER .
SRJE T TZ B2 2% (GGNND SR 21 i AUEL ) B 545 2. B R ) A ok s
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s, PRINZMBRTENBUEEM, .
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RITRAG B o RBUAHRIE B KT, , SRIEFIH PK, M KT R EH R FNIR PK,, 1
AR
KIL' = tanh(Wl . Ci + bl)
r's = oW, - (KI; ® PK;_y ® p;) + b,)
r’* = o(W; - (KI, ® PK,_) + bs3)
LG = tanh(W4 . (KIL 69 PKi—l) + b4_)
PK; = (1—hl)- PK_y + bl ([ PK_y + i LG) (4-3)
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5 1 TIPS RCR I B ) i fE B fe . Lok, et , dfesi>id
FE A RIUR g AN A I T) T ARSI SRR A5 AR e 3 L2 B E /7 5 TR U AT FU A AT
55 2 MRS 3 SRVPAh AR B 4n o] B iER 4 L i

PRk, 258 B F AT S5 5 ) SR R 5 S 2 TR ARALLYE DA g
HAESS 4 APPSR AR T N 2 ) 38 SRR o 7 ST R B X2 —MESS
AR R B ARG AR T B2 R AC S5 REFR N 1, BIERRAN 0.
SRR RIEHERR . (ACC) MTHZ MR (AUC) SRPFEEAITERE . X iJa=
MES, ARRFFOIERE IR ZE (RMSE) SKE AT 73 50R0 S 43 2 181 PR
e

% 4-4 Atcoder_C w24 e /KT & 1) L A7 15 10 4

Table 4-4 Results of comparison methods for measuring Atcoder C programming skill level

YGRS Atcoder C
. 155 1 155 2 f£%5 3 155 4
ik AUC ACC RMSE RMSE RMSE
codeBERT 0.6679 0.8001 0.3017 0.3592 0.3005
PDKT 0.6066 0.7556 0.3494 0.3970 0.3569
DKT 0.6955 0.8100 0.2962 0.3576 0.2904
EERNNA 0.7106 0.8040 0.2998 0.3597 0.2954
EERNNM 0.7138 0.8085 0.2952 0.3556 0.2908
PFST 0.7146 0.8103 0.2931 0.3541 0.2903

K 4-5 AIZU_Cpp SiFEHREZKCT-I0& (1 EL BT VA I 45

Table 4-5 Results of comparison methods for measuring AIZU_Cpp programming skill level

HiEE AIZU Cpp
ik £5% 1 1% 2 £ 3 % 4
AUC ACC RMSE RMSE RMSE
codeBERT 0.5054 0.9600 0.2309 0.3165 0.1765
PDKT 0.5078 0.9184 0.3054 0.3773 0.2662
DKT 0.5119 0.9588 0.2714 0.3689 0.1918
EERNNA 0.5022 0.9598 0.2535 0.3519 0.1765
EERNNM 0.5258 0.9592 0.2501 0.3475 0.1746
PFST 0.5279 0.9581 0.2245 0.3156 0.1740

SEEGEE RNk 4-4 F15R 4-5 fion. BH %G, 5 codeBERT AL, ASCHI PFST
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