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Abstract For the questions asked for LMS-based online evaluation the professor directly set
exam questions, or use the automatic question-taking method according to the level of difficulty
using the question bank divided by category. Among them, it is important to manage the
difficulty of questions in an objective and efficient way, above all, in the automatic
question-taking method according to difficulty. Because the questions presented to the evaluators
may be different. In this paper, we propose an difficulty re-adjustment algorithm that considers
not only the correct rate of a problem but also the time taken to solve the problem. For this, a
logistic regression classification algorithm was used of machine learning, and a reference
threshold was set based on the predicted probability value of the learning model and used to
readjust the difficulty of each item. As a result, it was confirmed that there were many changes
in the difficulty of each item that depended only on the existing correct rate. Also, as a result of
performing group evaluation using the adjustment difficulty problem, it was confirmed that the
average score improved in most groups compared to the difficulty problem based on the
percentage of correct answers.

Keywords: programming education, online assessment, difficulty adjustment, machine learning

% Corresponding Author: kimeunjung @pusan.ac.kr 2022 / accepted April 06, 2022
Manuscript received January 25, 2022 / revised March 17, 1) Fatoign wgFn S, A1AR, Al A2}

_11_



A study on the difficulty adjustment of programming language multiple-choice problems using machine learning

lo,
>
=
=
5y
£
ol
2
b

Kl of\ ol
g
=2
< o
o

=

o
o 2
L ol
= o
R I RS
o W bd B do e [

M o o o 2 o o m

g oA Yol
2 LMS (Learning Management System)
°of 2kl Folvt AAzE F(ZOOM)
Wol o]Fojxi glomn HIlAE
Algol  Wol AlgEI Qth 53

Zzady Aol e Hukld  Z7st

o o

Lo (Z

¢

477k BaHel ANE F Ak olFelA
Zzage A A4ste] HAS AFst:
A NE A= oeled e

woll g7rel e AL

e R I e R B
Al = LMS 71Rke] 7] Aol dAl #7t
oA ®wE  HFTs AASL vk
A A=

|stAY  ZhHlze|d 2

iy
o
il
N F}O r
AL
rO
o
N
N
il

Eigts

o uk

wEAzE Ay EA

ozl #A&goA ol mE AFEA
WAs T2 ARSI dolkd wE A%
A4 AoAME EAEHE EA dolwvt
sialol 7] wiEo, Folrtt A@PHola FAIh
WHoz FAe wolmE  #EeE Fo
Fastth, me w49l o] W Hubo]
N ] = I E o A = g 3 747
ojFojxa, ZF Fute] HyF FATE AR

= TR HhE
TAE TALYA AFoz FAGE

Ho]' =

Tedor deste WA tE A7 Bl
1ol ¢oH(D.E.Choi et al., 2000; K.Kyung-A et
al., 2002; L.Hyeon-Joo et al., 2003; R,HeeYeol
et al, 2004, L.Min-Kyoung et al, 2006;
K.SeongKon et al, 2008, L.ChoongKwon et

bt

al., 2012). T2 A}

A=

Sueta, WhE Bl dY LA AW
ol g3t o 3
59 4% 59

o
FEAQ dol= Ayt JhestH, oA
Bt =

o
= A7t

op
_C;L
rr
o
1>
rlo
iRl
—r
X
N
N

APl S5 o dol=E o

R
il
2
EN
o
_?L
k)
o
fr

A €]

Hsehel Be el GA ol g

s a Ak

b/ Y SV AT R N 4/
o

2 0 Mo Nl AL O 0ol 0 ooy

B o R R e ST

O o N R O o 3o 2 >
o
N

SU

_12_

B oEwdAE =R
}

o weA F oA G o

o [

X
o
2
i
:OL_I‘
i)
_OL
rir
=
>~
>
olo
QL
rir
B>

M1
2 9
=2
—V‘—]'
4
o9

g &
i)
e 2 > of
o,
Woox o 2

o
({4
Il
oo k2
N

o G
1o
LY

2

o TN yo
[o

Mo
d
)
W H

(e o
N
i
2

EunJung(2019)
b2 A ol A

I
)
ol
re
2
E .
)
e

g sty AaE BA9 f
A weste] 24 wA
Aol Foun Fesnn @

I o

A
o
- 1o
o
k
=2
2
rlo
o2
O
tlo
o
=y
2

Ml o
(oHr 2 b ME

()
tlo
N
=
9
¥O O byomy oW oM 2L orlr

o
rlj
o
[
ko
l Of
)
o
-
S
ol
rlr

i~

e

E
2

fr 2t po 19 9 o O Lo rr 2 4 o fo



Journal of the Korea Industrial Information Systems Research Vol.27 No.2, Apr. 2022 :11-24

oo TEDT WO TPRTTPTITMATFTFTTPFBDPET RFHTRPT
Eﬂfmqﬂf%%ﬁﬁ.i %mMé%%ﬂTmmoM&i_ﬂ_ﬂﬂ%ﬁﬁﬂ@%%ﬁréﬂﬂ%5Eﬂ

o m Mok R R R T M e o o ?%ﬂ ®D oy wR
= m N —_ N — == T = o —~— = =
~ N ool = Ty S Nomb < X T = X owE o N o oy N g M
FENE BT om wad TR e PRmgn ) dww BRI oUTE
ok TN R ﬁﬂmmplﬁ,awr.legL oo PR oo ﬂM?ﬂ.ﬁﬂﬂéE
) = o 9 = T F T BN 4o o= ROy p BT 1% % 3
T i 3. s W m B T o %
o N W i) o m_/uﬂrmo = - o g R = &) ) gl ok T @ Ty
P oy ey R N R I T A R
]U%%]FELIHT%OI T 0 o) o BTGy Mﬂ_n,mololﬂ o Lutﬂ S UT_;OLLL
T — X N X o 1 o :.L — N ‘OI T = <7 0 Eﬁ = g i o Er.c [y jo
W T g z#uzﬂmﬁmeiw_HF@%HE%J%EV% 30 © HHLL#M% o
o - M o N _ < T Py S = S iy moo < PR T | Hlo
JN_‘WZT M ﬂu,w N oo H R ,Dlnme i ,uh.vﬂ_ ﬂ!WOL BIMM,NLMHEE Ewo Hoant X ﬂﬁﬁd_zﬁ@@
e w5 o~ 70 B prai oY G e N e
B T ol g T T 0T R TP Gt TR Py
ﬂm:ﬂ%WiEgﬁﬂ%ﬁwg%ﬂ@ﬂ%oﬂmwlﬂwﬁ% ﬂ%wﬂ_pﬂagAﬁDﬂ%%m_%%
w o rET T E TR TE = XLy T RN To P RE oy
figies o o sPE PN Ty Tgae W T R X o
TR MM R "oy xlg N 4R . Ow oo E T oo
PHABTT T T HBE T %%%Hﬂmﬂ TERBREDR TR AP B o
TG oOBWRER NHWTo ATRG NG W ddrlr T ET OB g
W HREFTET VT HIFPTIHRRARRDT® Yo @t hRIT®a BT o W
oG S S R S - e e - e i YR E S PP T N REG T A
BN T A E Y TR . NeE do U M R U Lzﬂpu;l%m H%%?imﬁAATﬂ
W oT N T O TETAT WMo No WE W o B S 8T ok ®X ¢ %R o
ST I T T GEC) ~ TR BT o B
e T BRI = A m Fo 3 B o wa =8 TN g
Titsark JTETTa gl CLiERsEivIr-5T 270

— - = 0 -
‘:L ELWLHOAM‘U!WLG‘_Aﬂoﬂéuﬂﬂﬂoﬂim_ OE ‘wu\l QOu.mmW HE_&.E ATKL.O‘mW
w T W %o o W .o 80 ST _wRMZ
T T2 M e g N 0.~ 00O 39X =
=" _ 2T e LT = B o 3§ B X 52w B o
L ay = B2 - ol o = 2 E = p & .guﬁi__olu%ﬂ k3
Tl NTE T RE Xy T g SR B
! ) < o X 1]f.|l LD < !

w2, d%%%%ﬂﬂ%ﬂ%ﬂﬂxw w1 R N R LR AL
ﬂedl.%}%ﬂm ol T W oo F N SN —- ® 8 M@ = A X
HOoEES T ® g R W TREFas “Sdagoa =0T
u@&f7ﬂ%aﬁmﬂ 1@%%2mﬂ%ﬂ 9] WS e WA B g N B F
~ jadl%f N ﬁ ° or“n_tu;o o < - o I ﬂe =U) Jlr(f\ﬂowa m“q eﬁaﬂwE ;ﬂ%ut
CI Nm o X° O < — =y Mz X X o = ! WoR 2 Bl
T CEETRTLITETNES . BN E IZo gz ER Eoagiwg
X & 0 RO oo = B = B ~ . ST R S =2 B |
- N R o L) o TR ER TR Ty ﬂmw
TENT HYP T ag@momoww moF PT 8.z _®maw S
WITHMETo o YT el R ) PPTFRTASSMUERRTT I
To o H T IE g HRT TN R o KN ®mESSHE NETWRTZ

Al
- 13 -

=

FSA ot

i<

Al

=
=

14

o

&

T o



A study on the difficulty adjustment of programming language multiple-choice problems using machine learning

‘ first. Database building and manasement

i

second. Building a machine learning classification model

v

third. Create problem table for eroup evaluation

4

fourth. Re—adjusting the difficulty level using for each
question's correct rate/required time/prediction
probability value by difficulty

v

fifth. Registration of evaluation questions using
adjustment difficulty
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Fig. 6 Logistic Regression

Table 2 Difficulty Prediction Probability

i)

ki
Lo
S
u
-
Ay
e
£

L
Z dly
o
[>
2
2
At

e g M
Lyt

o
b 2o

[
ko
>,
"'r:i'
:\Qﬁ-\jﬁl\l

©
1
it

0o it
2 1o

oy
dm A o tg e o

e > o> oo LW

o3 =2
o !
A
rol

2o
)
o)

N
~
to i

[0
B o po et

o,

[

2

S

o obo oF > mt my
QL

Mg
2
—_
o
=

2
fiu)
ro

L
°
H
'
OB ob O pd ooy M

Voo AL R 2 ot @ @ o b K

Table 2+
who] = 9] 3
A A A A= Ht
920l AHAEE

rate—difficulty) 7}

e =2

S A .

Hodfr b = oo R S ope
o]
ol
M
2
O

M 1> ko

ol =
Itk WA,

(turnaround-time)©|

ta
i
2
2
>

o
>~

2
o >

X

SH1)
stEgzto R o=

(correct answer
FEAZ 94%9]

e ol ‘BFE ERHAZIT Al WA oAM=
Value(example) raAzie] 21691 AUE  wolw  H1)el
independent variable dependent variable ALZ 57%9 o= gdEFgo=m s BHF
correct Prediction Difficulty HoJATL, ol 2169 AQAZro]  dol:
t d . N
ur?g;?gn ail:tvev?r low(1) | middle(2) | upper(3) =S R ¥ TLow o=dvh Y dHA
(seconds) | gificulty | prediction Probability Value olFe dAdNE AHE dolET FQ)
9.2 1 ]0.9433066 ] 0.04330309 | 0.0083853 o] AU (B) AR 40~50%tHe] o=
5.7 1 0.9654015 | 0.02999257 | 0.00460593 BEor Yoyl EERAL Holu
21.6 1 0.5746423 | 0.32408445 |0.10127324 olth. olx o]l 'Eol AL Aol A e
43.0 2 0.09081527 |0.58038558 | 0.32879914 _
2 = Dol = oF =
376 2 1025720099 |0.45331377 [02sodsaoa| | ROl FEIRE AelE meld %] i
45.0 3 0.0376284 |0.56647224]0.39589933 o7 dFHH
58.3 3 0.00886629 | 0.48743953 | 0.5036941
: : : 34 2UtdH HIIE s AIHEHM HOI=
M3l Lol =™ &gl E
7]_;(]}_—. EEH/\E T":_L‘[E‘r‘?l'q TAH 3 ol Y| ot 2|
AR delguo]lzdl= AgEol 7ukg
TR R Al s = FPAAF e 7 aLA
2 gAel WolEs Z4 A @F 28 = AREE St B8 7S
2 asd HrkeE gk A EA4e
Akl Aol Qvh o7l AW wAe L e -
Wi aaAUs ARl swe wgopwe L IEWAN ARuEEE AA%A ATEA
Hol&E=w A4 g < IwH7IE
FRWAE B Sletel mAsg my o oe ATHR Table 38 AR
Table 3 Exam question table for group exam
gggrvsg; ggggg turnaround| Prediction Probability Value |, cdiction|adjustment
category |question | -+ £ rate- —time o T
12;5 difficulty (seconds) | low(1) |middle(2)| upper(3) |difficulty | difficulty
A ql 89.0 1 9.2 0.94330662 | 0.04830809 | 0.0083853 1 1
A a2 71.4 1 33.4 0.16700763 | 0.5613263 |0.27166606 2 2
A a3 51.0 2 43.0 0.09081527 | 0.58038558 | 0.32879914 2 2
A q4 385 2 476 0.18720099 | 0.55331377 | 0.25948524 2 3
A a5 135 3 39.0 0.03762842 | 0.56647224 | 0.39589933 2 3
A a6 29.6 3 19.7 0.61464231 | 0.29408445 | 0.10127324 1 2

_17_




A study on the difficulty adjustment of programming language multiple-choice problems using machine learning

7 R A
ate]  EFE dolke A
HA o=
% (prediction  difficulty)®= 3702 4=
EToAAM M = gEgow EHRIE
Zhetch ol A WA FUhE =
o] & (adjustment  difficulty) o] o}
AGEYL Halgd 2d9
o= FEFS 2ol g
& AxzAste] Frhgch
< 93t EAEel A 3719
RE AEHES SN
t}. Fig. 7914 570 319
Atk A2 FAE
Hol &A= AEE(%)] 0720
WA 4176001 ', 81710001W SR
El sl dst=d  AMEStE

oo T

Ja 9
k
il

ol Iy

i
Ton
>
flr

>
7
T2
Mo

=

ox
~
ofy
~
oft
=
tt
o Y
Shid
w
2

Lo 2 Loof fo
°
H
2
BN
oxl M

, I
Wi jo i
o ffu
o
>
4l
A

& S o 4
u-\_{
M
»

_10
fru
rl
2y
Lo
2

ol o
my K o e o

SO R

617801 74 -l =
AE @ wAN2
n#ete] AR ek

question bank correct answer exam question

DB rate(%) table
—————————————————— _166—_________________
— 90 —— low
low
L 80
----------------- — 10 —{ readjusted
— 60
middle —— 50 —  middle
— 40
----------------- —— 30 — readjusted
upper (I
10 — upper

Fig. 7 difficulty ratio

Fig. 7914 ARE(%)°] 21~409 7$-¢
61~80%1 A7t dol=E AxAsE Tolt)
AEE 21~30%0 S0l AHE dol= A
dFsii= Weloly] wEe dolm oz
THEE dF FEite AdANTE TEoR
BRsla, AYE 31~409 A= AYE
dolk 'Fo] sdete WHomz dolx
TR ERHe AF FEFGY dAATE
NFEow BFst gy AYE 61~709
AgoE dolx 'For RFEHE 4=
gEFe  dANE VIR ERFeh,
AgE  71~80%0 AgddE  dolk  FHE
EREE A5 FE#H AANNS VEe=R
BEREt. o7 dAANE G =T Ee
71 QAIge st Alte® At
Table 29 dAA"H 378 oo Fgx=
BRete vd BEFdME o FEFS
M= B4 S92 ®R30 o] 45 3719

AFol &

FHETAM 174 FEF] FHF
Holwx 54 SYL=

v AA Febe A= 2SSl wEel,
B oETdAe A4 delked TE dA#S
(Ha Fsg-"#A4 gdEHLZ = Atsto
heiany

Table 3ol dol=7F "dH1)?1 gl &A=

A8 Aol 92%0lm2 EFEUAA 94%9]
we FEgoR HE TRAAT. =@
Aergol 89%0l7] WEel Al IYE

H'R Adrh @2 BAE ARE 714%<
T BAR AeARE 3340 o8] 2R
Lo " (2)er TReAT. 2 Ax
T aEskE ek EAlelnw ske] o=
SEH ANLE VIELR AQAF 334%
T@e2  2AdIY. g4 A= AHEE

385%¢ 'F FAlolth. AL A7 47607 Q3

o 4

BF EddAs dolk 'F(2)oR &
AR, e dS SEFR dANTE
eoz AxARSdH 0oz A Ho

Ao v o6 BAE ATE

29.6%<1

_18_



Journal of the Korea Industrial Information Systems Research Vol.27 No.2, Apr. 2022 :11-24

ol el wAR, A8 AR 1979 whet Hole] VE dANRE VIeem T A
B A= sH)'E EFHAT. aa HoleE AxA 3ot
Azg Fool sigsts A BAmE
d= gEg dANNES VIeeR AxAIdS
W, F Qe xgwolt 4. M8 ZT W 2N
Fig. 804 wolk  Axd dudss
e em dgsta glrt 41 Z2X|AH 37 2d FHI SHE
@ load the question bank database. - ‘ — o o
@ independentvariable = turnaround-time L oﬂ }‘1 Xﬂ }\] Eigil ik E] == 7541 %‘é&i‘ ILH,
dependentvariable = difficulty J Tl = g =z12 B AF
@ model = Logistic Regression Classification Algorithm BE=E 11’_]'0] }1:_7]' Oﬂ ks 7ﬂ }_Zé El T X] = W O]' 7]
@ modelleamningindependentvariable, dependentvariable ) A8l IolH sH HAZHYoA H-E5HA
 Upper/Middle/Low Threshold . N -
= (max(Prediction Probability Value) +min(Prediction Probability Value))/2 /\}%?—} T 9\;]\ - & 7H 2&<l /\}‘ o] 7)1 A (scikit-
Upper/Middle/Low threshold time = Time required for each threshold =
® [Exam Questions] Create table. learn) E}O] E_ﬁ 1—"4 < O] % O]— 21 E} /\]— o] 7/1 ?j
(@ Prediction Probability Value = model, Prediction Probability Value(tumaround-time ) i o] Ald aLsl= B = o) =0
* Prediction Diﬁicultyty: model. Predi(tionDifficulty(tumarf]yund-time) JH?] X]A d o= Eoﬂ /\ﬂ Zﬂ o of= Ela] B=
(@ Repeat the following for the entire problem. 5‘?4 ?ﬂ' Ti_L ﬂ] Z_\_%Oﬂ /ﬂ LogisticRegression 'EéL 31 -/—\—EET
if comrect answer rate<=20, Adjustment Difficulty='upper - = =
if comect answer rate>20 and cJurrect answer ratté; =3PDP‘e /\]——8—’6}—04 tﬂ /\\_]_ H 16] 5 Ej:]% ‘?%3}‘3\ T:]' -1 ‘:q al
if turnaround-time >upper_threshold time, Adjustment Difficulty="upper fotd 3 gl Ao il =
else Adjustment Difficulty="middle’ LOngthRegreSSIOl’l = F/H .__—4 = ]:H Uﬂ R
if comrect answer rate>30 and correct answer rate<=40, .predict()—% O] %—6]— O% Cxﬂ %E] = b
if turnaround-time > middle_threshold time , Adjustment Difficulty="upper’ = . = -
else Adjustment Difficulty="middle’ T-8kaL,  predict_probaO=  ©]-&3te] S
if correct answer rate>40 and correct answer rate<=60, Adjustment Difficulty="middle HolEE EHYE &S 3
if correct answer rate>60 and correct answer rate<=70, - = - - =
if turnaround-time > middle_threshold time, Adjustment Difficulty="middle’ A Xﬂ T':Xﬂ = EH At —/JK—-Q—}\] Zl"ﬂ]' 7{3 %‘g oﬂ
else Adjustment Difficulty="Tow’ 71838 ol o] AFIAZS B A7 o] 3
if comect answer rate>70 and correct answer rate<=80, ] - ]J«I] e 7:” = O} ] ‘14 o]‘Oq
if turnaround-time > low_threshold time, Adjustment Difficulty="middle Table 19] TrE_LXﬂ 23 Eﬂ o] Ei Hﬂ O] 229 }‘1 = HES
else Adjustment Difficulty="Tow’ o] T o ‘ Z 2~ 2~0] (2 ==
if correct answer rate>80, Adjustment Difficulty="low’ A TAQAIZHY FEHEEFR dolRE FE5)o
- — - - =3 FAS S 45359
Fig. 8 Difficulty Adjustment Algorithm T s w2E Fhwehsl
O A SPollA BE HolHE ¢lol =5t 42 HEE HolEe of & ol 24
@ SRS 22473 FHEF5e do £
FEIT. Q@ 2Az2Y 37 EF RS wAZHAA 2FHEE A EAE 9070
TEAL. @ SPUFS FHAFE olgste]  FEalo] [NAEA] HolRS TASAL oy
EdS SEAIH ShgE HdeA AQ g ke AdE dolke TsH-EA
Al 0258 60xAtoldl A 05x% HAS=E 7}t 3070, 'F - A 3070, A 3071E AHSHA
ol o2 HEHS Ta olF olgste e FA®  [NFEA] oo
doln a/F/stel J1E QARE FEE, R8Nl wste] sued  mde
27kl A1F QAGel AFHE ANF QA dolmE  Tael AwE  dolms  wa
ARE ARt ©® ALY dolguel A  BAsd.  wWady  mded  d%@
wAE FEe] 2F H7E AT AEEA Wolw=e] = Table 49 #Zoh FolA
HolEs AAdIH. @ [NAZA] EHol&9 Bol5ol AgARte]l tiE dolE it
QS o] gstel wAlEd RHdA o= Ay R A= oS dol=E e A9
dolmsh RHE A% dF FERS Tohel  delmg 3 EAlel welEm ol RF
Az FEoz FrAgth ® AA BAN  HAL ot welm Fol dgsi: we
sl AYEEI 2eAN g A/E/E BASe 2QA 7] wolm a mi A

_19_



A study on the difficulty adjustment of programming language multiple-choice problems using machine learning

A zeAw Fole] Twd  wH
Aolg mold 2ee AAF & Yk

Table 4 Number of Prediction Difficulties

correct answer
rate difficulty

prediction
difficulty

low (1) 30 38
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