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[Abstract]

With the active utilization of Online Judge (OJ) systems in the field of education, various studies
utilizing learner data have emerged. This research proposes a problem recommendation based on a
user-based collaborative filtering approach with learner data to support learners in their problem selection.
Assistance in learners' problem selection within the OJ system is crucial for enhancing the effectiveness
of education as it impacts the learning path. To achieve this, this system identifies learners with similar
problem-solving tendencies and utilizes their problem-solving history. The proposed technique has been
implemented on an OJ site in the fields of algorithms and programming, operated by the Chungbuk
Education Research and Information Institute. The technique's service utility and usability were assessed
through expert reviews using the Delphi technique. Additionally, it was piloted with site users, and an
analysis of the ratio of correctness revealed approximately a 16% higher submission rate for
recommended problems compared to the overall submissions. A survey targeting users who used the
recommended problems yielded a 78% response rate, with the majority indicating that the feature was
helpful. However, low selection rates of recommended problems and low response rates within the subset
of users who used recommended problems highlight the need for future research focusing on improving

accessibility, enhancing user feedback collection, and diversifying learner data analysis.
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II. Related Works

1. Recommendation of the online teaching
and learning system
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Jun et al. collaborative non-curriculum
2022 A
[11] filtering lectures
Prisco et . algorithm
al. [9] 2020 Elo rating problems
Min [10] 2022 smart C programming
contract problems

2. User-based collaborative filtering and cosine
similarity

22tQ1o) oot -5 AE 78 AlAEoM =
Al AR FEsh Qo =
& 3oz AFEAA: Hefdg Alsstal, HujRtofA|
© 4E g1 7182 AT %’WOM 4 7l
AFg A FHelolA 3 el R
7} et ofole] HLEA] Al %6}% olol% A
7‘:1—2 /\ OIEE o]—]:,} Ufoko]— ;4 7]%4 % ] 2171] LH—Q-
7|%Hcontent-based) Fat Y BHY FH0] o
@ WE 232 7bg 9] ABEE J¥olo] e ALg
Afo] Mehnt HEES JoR 2t FRRlol) A 71
o] 2 ofolslg FHTE BY WEIY 7|y ol |
(nelghborhood based) &A1t 24 7|89 model-based)

FH0 UL o2 st AHE o] AR8A |3
(user-based) &A1} ofol8ll 7]¥Kitem-based) X0 2

Lo} A 011:){[12]

¥ WY 23 AR gt vl o4 ofold
g
3

_131
rlo
o)
fo
>
i
i)
ol
o
=
rd
)
I‘SL‘ _[>|,
>
2

_L4
rulm d

D:

i gARIA B7RICHE, M2 ofols o oigt u
&2 o] ofo]Elo] tjjst vo] HAW} QA Zlo g I}
T}, o] viAlo] AP™C olojElo] EA AHIL ZEX]
Tz e} ALgA) M o] 52 55 A%
 olo]&l Huot g et AHgALe] AE of2lg g
D2 o] oot F20] 978 = B, AoE of

olr

Hi

E.Oo?_‘ﬁé

et
)+ O,
5=

‘l> r{m
)

oll
——

R

ojo] 231 ofx7} itk A Sol ek, of FoIA At

2 AF8AL ol ofolgy iof chet 54 of
S U ) O ofolell tiet 7} 430l ust 71
u]235h GAF AFAMS(neighbors) S AAsta, o]59] of
ol i) chet WS AHnTH12, 14, 15]

AFGAT 713 BY WEIY S S AL T
c}. A, ALgA}-ofo]el 3tk o ARgAjel
olole] Z1e] W 2419 ekt Zolck. A, At
AF8RE AT QoIAo] AFgAL-ofols] G o]
sfo] AL&AL 710] SAbEE ANSICE 7F L&A} uol cheh
SAte 7t 7P 2 A2 kH(k-Nearest Neighbor)2
WARICE oiRsto2, ofolsle ZAIT) YolAl MRS
o[% AHEA ko] 22 BHE £9W ofodg 2H &
uE WPl SACIR FAUCL FH SHE ALEA U
o 7o of2io] L3tex] gke ofolel] FHatTH15-17)
QY BEIY 24 A2 Y S 94 ALgAL A
A TAoIch QA AFRAF RS 9J] ALRAL 7 9ARE
2 Zsof slo), Z2 mola GAtE, FARl SAbE, A}
Fte GAFE 52 AFREICH16, 17). tlole] E4o] et
of ol MY AL 37 WHe HEspl

o] FollA FAR! FALEE HlusH = F HoEE &
Ho] HEH 2 BAIE & Qg o & WEYL o] R =9
2 Froz RAES FYUE AR usk v BE)
B7kat o7f ofolslol chet WA dlolE7t Tk, o] g

Ao) W] o} pRti 3 4 Qick o] F ] Abo]o]

Mo
P +

FAR] GALES ol AL ohea) 12, 16].
cos(z,;): urv
e

Eqg. 1. Cosine similarity[12].
AZ10A w - v= ii(r,,,w”)L HlE]o] YA ojojs)
St Iul=y = 7 HE 3718 ofujst

o} ror (1 <i< g= ¥E] w9} 0] 7} HE ZHS ojo|sh
. 2412 9] Wl -1 ~ +11, +10] AHE4S 8
ALEZ} k. FAR] QAREE WIE|o] A}elo] opHE A
8% 4 9ln, vlm o HEl] WaRle nestoe
Ele] 7] zfo]t 2 Aol AL 4 9l Zo] A
o|ci12, 18].

a, lal=



A Study on the Intelligent Online Judging System Using User-Based Collaborative Filtering 277

III. The Proposed Scheme

‘bitCode’, the Online Judge Site of
Chungcheongbuk-do
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2. Research procedure and methods
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| Establish program development plan |
l
| Develop program prototype |

l

Verify validity through

Delphi research — Reflect on expert
-

(service utility, usability, feedback
and additional comments)
!
| Apply a pilot application to users |
l

|Analyze the results of the pilot application for usersl

Fig. 4. Research procedure
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3. Implementation of the proposed problem
recommendation

Aot 7|HLE A}&A}-olo]El s
ERE B ALRAT A, eAIRAo)
Fig.b= Aot 7o} £ 3TAIE UERHC

O

(Step 1) Creating the user-item matrix
Create a table with the necessary attributes.
Construct the user-item matrix.

!
(Step 2) Selecting similar users
Calculate cosine similarity using the
user-item matrix.
Recommend the top 5 users with the highest
cosine similarity.

|

(Step 3) Recommending problems
Choose problems to recommend.
Display on the screen.

Fig. 5. Key steps for implementing the proposed
problem recommendation function.

3.1. Creating the User-Item Matrix
AREA-oto|| 9 J/d5 Hsh FAte o3 Zoh
A, AHEAR-otoldl A S 9ISt e £4or &
Alid’, ‘AFAHA, ‘AR 2 MAsID, o] viElog
712 HlolH Ho|22 Mgttt SR, oA /st E)
olgolA AEAY %*3%12 O5ak 2ol A2sitt. 7]
& ARA S92 4AERRE), null(EA 1Y)
IM3UHA] A 2ol Ant {R¥) 528 BAIE. °]
S HEIE offo e} "1(HFERE) I} 0L A]) S
2 st oix|2og, ARgAR-otol|l siE3 /det
E}. ol AFEAPE R Q= shaAlol tigh A ZAE vt
FE AlE offo] T2t 12k 002 mAIGH FZolt}. A
%K}-O}Ol% o389 A= Fig. 61} 2t}

i E
e rlo

>>> print(table_user_item)
problem_id 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 ...
user_id

10 1.0 1.0 1.0 1.0 1.0 00 1.0 1.0 1.0 1.0 ...

)
)
s
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sssss. sssss
Sorm: SoSR:
Ssos: sssss
SoSrr: seskr
Soo5s: sosss
SoSrH: SOOSH
Ssooss: ssess
Soorr: see®
Ssoss: ssss
Soer: sesS
ssoss! ssss
Soorr: sses
Ssooss: ssss
Sooss: sseS
Ssoss: ssss
Soorr: soS®
Sooss! ssss
Sooor: see®
Ssoss: ssss
Soeoer: sess
Sooss: ssses
Sooor: see®
Ssoss: ssss
Sooor: soeS
ssoss! sses
Sooor: see®
Sososs: ssss

00

3059 rows x 492 columnsl

Fig. 6. Sample of user—item matrix.

3.2. Selecting Similar Users

fAF S499) B AL APHE 13t AL ARl RAF
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Sich 3Rl SALE
JWKd, Axgro] 10] 7PeaE QAR Lo 7oz
s|Mstct Fig 7S FAtOl QAT AAL O sidslst Aq}
9] ofjAjolt.

AL AHd 1 5 18 k1] ] 63 86 99 101 103 ...
AHE Abid

1 1000000 0,000000 0721688 0.782624 0.707107 0.000000 0000000 0721688 0.782624 0353553

5 0.000000 1.000000 0.000000 0.000000 0220971 0.353553 0.433013 0.000000 0.000000 0.000000

18 0721688 0.000000 1.000000 0.774597 0.612372 0.000000 0.000000 0.833333 0.774597 0.408248
7 0782624 0.000000 0.774597 1.000000 0.790569 0.000000 0.000000 0.774597 0.900000 0.316228
61 0707107 0220971 0.612372 0.790569 1.000000 0.500000 0510310 0.612372 0.790569 0.250000

S rows x 1409 columns

Fig. 7. Sample matrix of calculated cosine similarity results.
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Table 2. Description of the similarity result table in
the database.

Attribute Description

user_id User’s id

ID of another user with high similarity

recommend_id .
- to user_id (top 5 presented)

ranking Similarity ranking with user_id

similar_rate Cosine similarity value with user_id

Fig. 82 ’'poicroo’gh= AlRAIS 7]F02 SALLI}
=2 oA b S &5 AukE UERdCh

= T2

¥ dbno userid recommendid ranking similiar_rate

ZEFTET

47 2N

AH 11976 | poicroo 1 07217876626290816

[ 1 O
L

F@4H 11977  poicroo 2 07206253R19018557

w

O £23 #24 @44 1978 | poicroo 3 07171496526839112
0 J+8 ¥4 @44 11979 poicroo 4 07082963044490987
O #2% 324 @47 11980 | poicroo 5 07020966217257901

Fig. 8. Sample similarity analysis results with user_id="poicroo’.

3.3. Recommending Problems
AN FALEZ} =2
5, oj50) BXjEol Yus H}Eu% x4 BAE ARt
3 2A12 Fig. 99F Zo] atHof| m&3tch ShSAT user_id
o X1 58 o} So7le] S HERTE A
A9 FEE E21Q1, SkEAt user_id®] ZAEC] A}
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Fig. 10. Pop—up window to provide information
about the recommended problem.

IV. Results

1. Results of Delphi Research
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Table 3. Demographic profiles of Delphi panels (n=10).

Variable Options Frequency(%) | Total(%)
-5 years 1(10%)

Teaching 5-10 years 1(10%) 10

experience 10-20 years 7(70%) (100%)
20- years 1(10%)

Academic Bachelor 5(50%) 10

qualification Master 5(50%) (100%)
Text -3 years 1(10%)

programming 3-5 years 3(30%) 10

Teaching 5- years 6(60%) (100%)

experience

i AL x] ol
Table 49} 7t

Table 4. Delphi (round 1) questions.

Section

Ques. no] Question

[2-1] Do you think that the problem
recommendation of bitCode, an online judge site,
will help students learn according to their level?
[2-2] Do you agree with the consideration that
a problem solved by one student can also be solved
by another student of a similar skill level?
[2-3] Do you think that the problem
recommendation will help students guide their
learning direction (choose problems to study)?
[2-4] Do you agree with the effectiveness of
recommending problems based on similarity
based on students' problem-solving outcomes
without classifying students' proficiency (e.g.,
advanced, intermediate, or beginner)?

Service
utility

[3-1] Do you think it is appropriate for students
to be able to view recommended problems from
the existing problem list screen while logged in?
[3-2] Recommended problems are marked with
a blue background. Is it appropriate in terms of
visibility and functionality?

[3-3] Is it appropriate to provide one problem at
a time and recommend another problem only
when the screen is refreshed?

[3-4] After solving the recommended problem,
the student can give feedback on the problem
recommendation in two ways: helpful or not
helpful. Is feedback like this appropriate?

Usability

[3-5] If you have any additional opinions about
bitCode's problem recommendation function,
Additional | please write them.

comments | [3-6] If you have any additional opinions about
other services in bitCode (except for the problem

recommendation), please write them.
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Table 5. Descriptive statistics and CVR of Delphi round 1.

Section Clli M SD CVR Agree
no ment
2-1 4.90 0.32 1.00 0
Service 2-2 4.40 0.52 1.00 0
utility 2-3 4.50 0.71 0.80 0
2-4 3.60 1.26 0.20 X
3-1 4.50 0.71 0.80 0
- 3-2 4.60 0.52 1.00 0
Usability
3-3 3.90 1.20 0.40 X
3-4 4.30 0.95 0.80 0
1Ak 4B ¥ Z7E Table 59 o] eict
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Fig. 12. Survey to get user feedback on
recommended problems.
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Table 6. Delphi (round 2) questions.
Ques. no] Question

[2-1] When recommending problems to a
student, do you think it is effective to prioritize
problems solved by other students with
similar proficiency in consideration of the
student's problem-solving results?

Section

Service
utility

[3-1] In presenting recommended problems, is
it appropriate to create a new ‘Recommended
problems’ tab and present multiple problems

Usability | on one page when the tab is selected?

[3-2] Is it appropriate to automatically provide
the next recommended question when a
student solves one recommended question?

Additional

[3-3] Please write any other comments.
comments




282

Journal of The Korea Society of Computer and Information

Table 7. Descriptive statistics and CVR of Delphi round 2.

Section s M SD CVR AR
no ment
service |, 490 0.32 1.00 0
utility
Usabiiit 3-1 450 0.71 0.80 0
[
SaIY T35 480 | 042 1.00 0
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2. Results of the pilot application for users

Aot 7152 Hrtshr] sl 202349 4Y9 49 ~ 6Y9 20
A(271E7h) &<t bitCoded] FAIFA 7155 AlH A&
sich. 3 7|12t & 23,512719] 27 AlEEdch 250
A ZAEA st 2E AEL 1167102 5.0% v]g
ojgith. ol vigez A, st5Ate] ZAIEC] AlE7ISE
715 AFEAIRE BIAREAL 7HO] IR E
A, FATAY] Zol5 A&t AFEA}

2230ct AFRA= 7F AR EAof

b

2.1. Ratio of correctness

AR AFEAI9L HIAEAT Abole] SH5AA AE vl
22 95l X8R BAIE0] AEVISS igoR vea

X H
1

90%
80%
T0%
60%
50%
40%
30%
209
10%

0%

0.Total use 1. Notuse the 2. Use the
recommended recommended

problems problems

®Freq. of not correct code
®Freq. of correct code

Fig. 13. Frequency of correct code and not correct code:
(Left) O.total use, (middle) 1.not use the recommended
problems, (right) 2.use the recommended problems.

2.2. User feedback by survey
= FAEAI EolE AlESt AFAES] EE 2
Tlolch. AFgAP 2H2A|S MElste] 24 9o] Fig 12
oF 22 ZHATAPE =0l Eglola/t sloja’ s AE
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Table 8. User feedback analysis during the pilot operation period (2023.4.4-6.20).

Cases Freq. of Freq. of Ratio of correct code
submission (A) correct code (B) (C=B/A=100)

0. Total use (a=b+c) 23,512 9,895 42.1%
1. Not use the recommended problems (b) 21,999 9,312 42.3%
2. Use the recommended problems (c=d+g) 1,167 677 58.0%
2.1.1. Helpful (e) 11 107 96.4%

2.1. Feedback answered (d=e+f)
2.1.2. Unhelpful (f) 31 18 58.1%
2.2. Feedback not answered (g) 1,025 552 53.9%
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Fig. 14. Frequency of 'helpful' and 'unhelpful' responses
in the user feedback
(Left) case of submission, (right) freq. of correct code.
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