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Prediction of Correct Answer Rate and Identification of Significant
Factors for CSAT English Test Based on Data Mining Techniques
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ABSTRACT

College Scholastic Ability Test(CSAT) is a primary test to evaluate the study achievement of high—school students and used by most
universities for admission decision in South Korea. Because its level of difficulty is a significant issue to both students and universities,
the government makes a huge effort to have a consistent difficulty level every year. However, the actual levels of difficulty have
significantly fluctuated, which causes many problems with university admission. In this paper, we build two types of data-driven
prediction models to predict correct answer rate and to identify significant factors for CSAT English test through accumulated test data of
CSAT, unlike traditional methods depending on experts’ judgments. Initially, we derive candidate question—specific factors that can
influence the correct answer rate, such as the position, EBS-relation, readability, from the annual CSAT practices and CSAT for 10 years.
In addition, we drive context-specific factors by employing topic modeling which identify the underlying topics over the text. Then, the
correct answer rate is predicted by multiple linear regression and level of difficulty is predicted by classification tree. The experimental
results show that 90% of accuracy can be achieved by the level of difficulty (difficult/easy) classification model, whereas the error rate for
correct answer rate is below 16%. Points and problem category are found to be critical to predict the correct answer rate. In addition, the
correct answer rate is also influenced by some of the topics discovered by topic modeling. Based on our study, it will be possible to
predict the range of expected correct answer rate for both question-level and entire test-level, which will help CSAT examiners to control
the level of difficulties.

Keywords : College Ability Scholastic Test(CSAT) Difficulties, English Test, Topic Modeling, Multiple Linear Regression,
Decision Tree
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Table 2. Input Variable Candidates for Correct Rate - Flesch Kincaid Grade Level
Answer Prediction = (ASL x 0.39) + (ASW x
Flesch.
16 Kincaid 1 |11.8) - 159
No | Type | Variable | Count Definition mncai - The smaller Fleschkincaid,
ave.word paragraph is easy to read
1 frequenc 1 average of word frequency —]
fred point in the sentence - Gunning’'s Fog Index
— Y — - Reading Grade Level =
‘dlfﬁc(‘(lz“y 8?{ o 17 Fog | 1 [0A(ASL + %PSW)
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2 Wo€ddég 1 |ratio is greater than qZO%)y ;)a;lz‘;l:iaf)rl?ailsliazggé o read
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ebs' ' word.difficulty.90 and EBS (2) content correspondence
] Of the words appear in ES)O rrespondence) bul
o sentences, frequently ranking </ grammar, vocabuary
difficulty. . . . (Grammar)
4 30 1 appears in plain English Problem (4) inf £ blank q
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Difficulty 80-100% 18 (Hypothes|  type 8 | (BlankWord)
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difficulty. S (Sequence)
5 90 1 appears in plain Englis (6) paragraph summary
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90-100% (7) mood of paragraph(Mood)
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7 1 . , - 30 topics
common the high school’'s common is 3)
texthbooks - score point for each
Rate the words of the problem (2~4 point)
8 ex.high 1 |paragraph does not belong to 20 diff.point 1 - diff.point = each point -
the high school textbooks average point of the total
9 count. 1 count of characters in the ] problems
character paragraph - percentile point according
| Problem ..
¢ ¢ of pol lable( Atiribute to the problem position
10 |Paragraph C(ﬂl rllgl. 1 ;(l)un go Il)lo t})]l S}; abietmore 91 | (Hvpothes prob. || pear to zero if the problem
Length | SYfabe an o syrables ?52) S position locates prior, near to 100 if
1 (Hypothes count. 1 count of words in the locates the end position in
is 1) word paragraph the whole problems
19 count. | |count of sentences in the — whether the problem
setence paragraph .\ related with EBS contents
22 EBS 1 )
- - 0: non correspondence
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Paragraph paragraph o WFEe) Wl A% Aol ol5, A £, AL
Reading ~Average Sentence Word FA, T FA)A 2709 FAA 5YH Mg E AFES)
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SH ) i o] 2 oo wkgdt o]l Flesch
Kincaid Grade Level 0-100 Alo]9] level2 F-o5 &= 3k
olt}. T3k Robert Gunning®l <J3iA 1952\ 7Rt
Gunning’s Fog Index Reading Grade Level 4] o554
#d WEE A H17].

7V 2004 AAE EA 3 AEEAY] B 7d
4 H’ﬂ EANE t.ﬁii %i%rd CFA/A /AT, U

‘31”, “—3-‘%]7]", “ZJ%%OH” 87]-74% AmWEa AR89t
7ha 3ol AR AT g =

AL e A7 Ugd dg /7 a3ttt o
] AgstEo] EAsts 24 FEPE 2 X
BRE AAT EAsA 6
a8 (topic modeling)[16]S #-&3to] | Fo &
& dolZ wgtow 2 049 FAE =29 F, 7

o E FAS AYusR AN vpx e 4
oA AAE EF A oEidE wiH Aol A H
EBS <A &3 o5 AYRisR A&

B

32 EE & 22 3 It X ®

B dFodA e 7 7R A Y AgE 45

I A3E A8 A A g 2
218 3] 9 &4 (multiple linear regression

w3 AYgE AAE dFee 4 RIS FSESE

= éﬁﬁl?1-ﬁr s S8 75 e dA99 A

5 249 o5 AIEE Hristy] skl Table 3

vl 7kA9] A 37F ARE AR

A7 2 2HMean Squared Error; ©]3F MSE), A

247 3 (Root Mean Squared Error; ©]& RMSE) %

2 2HMean Absolute Error; MAE)E AA AHE

e 0115%1 AEE Alel9] eakE Hrkste W SHE T

v H A )& 2 X (Mean Absolute Percentage Error;

olat MAPE)= A4 AEE ] d3d AHE9] 24 1

N

=

Table 3. Performance Evaluation Metrics for Multiple
Linear Regression

Evaluation Definition

3

MSE= 3 (y—y

i=1

Mean Squared
Error; MSE

Root Mean

; RMSE = 1/—2 y—y)
RMSE ni=

Mean Absolute

Squared Error;
Error; MAE Ely y |

ni=1

MAE=—

Mean Absolute
Percentage Error;

MAPE=100%x -3 10=Y]

MAPE nZ

g0 FHE T AR

F A o2 2de AGE AAE dFss AR
old AHEES ofg&(difficult) ¥ #%(easy) T 7HA HF
2 FREI 0)F oZdte BF EES o83 Aol o
= 98 WA AYE 0%E 7R oy HAs BE
& FEEHeH, JAEAUF (decision tree)?] LF H
F % 39 YF(classification and regression tree; ©]3}

CART)E o|&3le] ¥/ RdS FZ3t)

CARTE ol&ste] &R/ EIE 75T 4%, FAF
(overfitting) = "WAat7] $Aste] £71¢] FAA FoFE,
Lo B715 3% H4 A (minimum split), o o
i Zlo](maximum depth) 5 o8] /9 dus v
B (algorithm parameters)”} &) ?ﬂdr 2 AFME i
dolHE o &ate] A ey H3t &4 ¢ =y T
%5 @ F, AF volHE o|&sty & *é%% 337}&
. dolx o33 e
fication problem)®] 4% A ] ‘%4—7“9} q
¥ WFE YO R Table 49 22 &

o] AAHH, olF nlgoR o FH HF
AToNAME T o] ZF WFe g

l

|48 & e, 2
A= (True Difficult Rate; TDR, True Easy Rate; TER),
A8 (Accuracy) ¥ T84 %= (Balanced Correction Rate;

BCRIE AHgstel 5 4% Brhsiath

Table 4. Confusion Matrix Generated According to the Actual
Difficulty Level and the Predicted Difficulty Level

) ) Prediction
Confusion Matrix =
Difficult (D) Easy (E)
Difficult (D) nDD nDE
Real
Easy (E) nED nEE
n n
TDR=—22  71pR=—"% ©)

npptnpg NgptNgy
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ESS A5t EY 2d8e R “topicmodels” 77
Aol &= o]9lE Latent Dirichlet Allocation(LDA) 7198&

-2 =3

o] g3t on LDA®Y E4E FA37] $8i4= Variational
Expectation-Maximization(VEM)7| & o] &3ttt 24 &
oA =& TR Fd3e i dojE2 Table 59 Y
Ehd whel A B AFoAE BEY 2dd] 48 Ao
T3 Wi(stemming)& FHA7] Wl dF HolE
oAu7t AAE FHEZ Yetes AE B 5tk EZ
a2 Ay, Ege s st FAE 7HA
7857} WA (Topic 4: ~E 298, Topic 13:
Topic 19: ), T 7HA o] AR FATE AFE
AE EY EAg) 2 AFoa e By g
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E
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'
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Table 5. Topic Modeling

No. Representative words of the Topic

averag, group, volunt, hour, zach, annual, rate, toni,

Topic 1 book, year

problem, music, suggest, restor, pollut, engin, social,

Topic 2 . .
D compani, atmospher, drive

parent, peopl, organ, moral, principl, complex, make,

Topic 3 person, child, children

speci, idea, stori, make, peopl, good, creativ,

Topic 4 ..
P communic, import, develop

risk, stoneheng, whale, ticket, crosswalk, pedestrian,

Topic 5 | ... .
pic o digit, interact, student

websit, prefer, product, type, audit, compani, coloni,

Topic 6 england, form, green

children, feel, time, lion, traffic, critic, parent, ride,

Topic 7 .
P stor1, room

time, peopl, experi, task, african, american, feel,

Topic 8 .
opice posit, mathemat, comment

peopl, read, brain, word, expect, time, technolog,

Topic 9
D chang, sens, structur

tast, citi, canton, lemon, experi, imag, receptor, solut,

Topic 10 .
sour, compani

fish, call, emot, school, femal, individu, sound, live,

Topic 11 ;
opic squirrel, complet

group, member, societi, myth, number, cultur,

Topic 12 .
season, particip, rule, peopl

=R2s
=&

HS
=

CHet

Topic 13

muscl, time, walk, peopl, chang, meal, start, power,
minut, mind

Topic

posit, mother, read, hous, year, didn, grandpa, work,
small, home

Topic

time, work, materi, peopl, sens, wood, camper, food,
read, high

Topic

world, blind, hazard, billup, book, dream, music,
school, watch, began

Topic

student, depart, spend, read, spent, actual, time,
alloc, show, advertis

Topic

dream, school, individu, tara, church, event, lydia,
time, TRUE, love

Topic 19

question, knowledg, scienc, answer, time, direct,
mathemat, mediat, role

Topic 20

peopl, interact, person, demand, expect, find, futur,
plane, anxieti, qualiti

Topic 21

live, popul, music, number, peopl, reflect, scale, trout,
fact, hour

Topic 22

music, time, sens, anim, memori, disadvantag, creat,
human, peopl, amnesia

Topic 23

write, chair, good, idea, object, make, understand,
concept, reward, point

Topic 24

anim, seed, fish, natur, predat, bear, school, seal,
larg, small

Topic 25

percentag, women, employ, nonagricultur, wage,
number, year, increas, africa

Topic 26

school, high, earn, lifetim, median, particip, footbal,
profession, subject, univers

Topic 27

chris, park, janet, famili, grey, home, piec, work,
offic, fenc

Topic 28

scienc, scientif, polici, inform, failur, social, busi,
peopl, evid, explain

Topic 29

peopl, success, lake, great, time, live, bottl, messag,

salt, thing

Topic 30

consum, camera, electr, generat, imag, earli, film,

radio, sourc, world

b3Ete] o]F Aot
33 o|F dlo|
Fovlg W 5
Hog 2011d5
Aoz Agstel 7o
014L4 EﬂOlEie Olﬁo}c’%



516 SEMEIHS=2A/AZER0 R HOIH &3 M4T HM11=(2015. 1)

W&ol SHolHE vA] mY &4y fdFgow 747 Table 7. Estimated Variables of Correct Answer Rate
70% 2 SO%E ke Badl 5 wMiAE sjyEE §o Prediction Model
gl X Ze Ao 2o Ao —
9 §o5E;TxL](OO O%If?) % A% ;]-:‘} S;quf éigji] - ) %—’;;’J; Variables | Estimate E:Sé(ir t value | PrC>[th) Sct)gdrgi'
Slo] HEA ol =YW NS TAEA coefficient | 0.6322227 | 0.0354650 | 17.827 | < 2e-16 | s
Diff. Point | -0.1224359 | 0.0191699 | —6.387 | 5.92e-10 | s
Table 6. Selected Variables by Multiple Linear Regression Blank. Word | ~0.1281933 | 0.0241374 | -5311 | 2.04e-07 | *
(T12, T14, and T19 are the Main Topics of the Text Grammer | -0.1209579 | 0.0277888 | -4.353 | 1.81e-05 | #*x
Discovered by LDA) Correspondence | 0.1597225 | 00236810 | 6745 | 7.12e-11 | ##s
, A _ Related Subject 0.0856779 | 0.0217560 | 3.938 | 0.000101 | s
No. Variable Meaning Variable .
Hypothesis T14 0.0846276 | 0.0350574 | 2414 | 0.016337 | =
diff.point = each point Mood 0.1283670 | 0.0393323 | 3264 | 0.001218 | =
1 - average point of the Diff Point 4
total problems Count.Word | 0.0011753 | 0.0003354 | 3504 | 0.000524 | i
5 |inference of blank word | BlankWord 9 EBS 0.0413038 | 0.0136917 | 3.017 | 0.009881 | =
3 | grammar, vocabulary Grammar 9 T19 ~0.0885829 | 0.0341309 | ~2.595 | 0.009881 | s+
4 | content correspondence | Correspondence 2 T12 0.1119184 | 0.0406167 | 2.755 | 0.006194 | ==
5 | subject, title Subject 9 Prob.Position | -0.0007376 | 0.0003301 | -2.235 | 0.026126 | =
6 Topic number 14 T14 3 Count.Syllable | -0.0004661 | 0.0002483 | -1.877 | 0.061442
7 mood of paragraph Mood 2
8 ;Z;J;grzéhwords in the Count. Word 1 é:i‘iéai F4 R xﬂ%;}—ﬁ; 0.628? #%ii_uﬂ% =ru &
FE oy o= AL FonE #AE %0}141*7 AT
- whether the problem B 5 gow HeEg BE WiEo] fol5E 01014
9 contents EBS 4 EAMeR FonE A3RE U &S 49T + 3
- 0t non correspondence th 7t Ayl AgE Alele BAE AHRY AYE
1: correspondence S UEE aQoRE i Aol “RIZEFEE FAI7, ‘o
10 Topic number 19 T19 3 o3 A, ‘199 FA(HE #HR)7 A AT 5H F
1 Topic number 12 T12 3 Sol waFHATh durA o wjHde A9 FAATL dolk
12 (Oflrikéi;n:) Ifgrsglggd) Prob Position 4 s asjA l"f*l}’a]'ﬂ; = w o) _%%fr% Ao v
A detvdes 23 AR5 F3sts dolwr) o= 4
13 count of poly syllable Count.Syllable 1 w AAE BaEdrn B 2 otk w712 Ao of
/13 EAE FIAAEANA S AR EHA dEH
ZF W4 AE 7Re] 308 jHE S S & 13709 AGAR A AGES HFe 82022 Uyt EY
Frouet WFSoe] AAEGon 7 Wey 9 #d spde 23S 38 =EFH 199 FAY E wol& ‘question
Table 691 YebS vle} 2} w4 Ag A3 3 Ax 71A ‘knowledge’, ‘science’ 5] lew o] F& I8t Ao
3 A £ T2 9 AME Tole] ool A #AE EASoIH, o] FA diMeE AEEe]l WA
v g 7R gl 7R Wt frovle Jlew ¥ B S & 5 ok #4 AX9 AS 5 HEd] wA
dEon = WA 7 FA4 F33 B-hsAE Azl  FALFE AGEC] WA YEyed, ol dRETH
FE ZA, /013 EA7, S AX/EUA BAT, T EAE E07t Algto] BEstAY AgFel adow A4
AN/AE/AA FA” R EA7] FA] A BFTE frefv Fol 2 Zlow FAHHEY Ed 54 £ ST E 9A
@ Aow WEET Al HA 7P AE WE o= AEEC] WA veEPES el
(FADeE #AAA= 129(AHE #HRA), 490 #-), 19 U, AHES ol SUEREE "W dA/EYA &
WG #A) FAF AgE Foue FFE A= A A, FAAE/AA S FAT, CEA7 EAT, g F
o2 yehgh v e R o] #MA P 23 £43% @ “EBS QA 77, ‘14 FAHE #4)”, “128 FA(AF3)
A= wid o], Al HA B EBS A ofF Al B #A)E Yetuth 24 18 5 W8 dA/ELA EA, F
BE AYEDR FoAv BAV JE AoR gotHr A/AE/A A FA, B9 FAE dUdoR e AR
Ay 4y HeEe s vEe=E A4 gFuoly wol5o] AgEo] EA YEbHTE SRS e A&
o &% HF veMysALs md Ag 2 FogdE AREE ©ole] 7 BEFE AgEo]l = Usdet
& Table 79 veRd viel Zow AA HEEH 54 ol o] F7F WolAl Aol AoAH AdEs FFE F
g Atole] AE L= Fig. 20 YER whol At REl Ax 9E W&ol o @ol 507t AHEC] =& F 97
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Table 9. Selected Variables by CART (T7 and T23 are the

=] o o Main Topics of the Text Discovered by LDA)
0 g 9P 'EQQ"
o 8983 e No. Variable Related Hypothesis
@ g0 ;Oa% o2 Sc’m 1 Diff. Point 4
© o °° d;s o&‘ﬁag' T0go© 2 BlankWord 2
© o og 3 s¥olzae-vr
% o com 7B PF Engvs 8 wd’ 3 Grammar 2
@ @ 0@ Y000 8 g o
é' g ] 8 6‘28 ano (Emﬂiﬂg(?ﬁo “b’) ° °© 1 Summary 2
% 0@ g o0 & %o % 5 Sequence 2
2 2980 0. ° 8 "% ° 6 T7 3
o &Lo a. °
g -4 @ o c') 5 7 T23 3
CARTE olg§ste] Wol= 7 Edd 753 4, F
=l : : : : 79 2n Wl AdEdon g WEES Table 99
02 04 06 08 10 et vle} 2o A AENTGE g2A A dA R
Actual_AnswerRate ol B4 = AE do|ro g wHese Munx ¢
Fig. 3. Actual (X-axis) and Predicted (Y-axis) gtor] wA g #eE Wk e 50% olds A
Correct Answer Rates Aste AS =& F Atk Table 102 AF tlojHe] gt
CARTY ##/F A%< Ued Aolth H3s dolge] &/
Table 8. Prediction Performance of Multiple Linear Regression nds AL A3z, CARTE & A4 dig A=
—— (TER)+ 087502 YehllH oy Al Ag=(TDR)+
valuation - - -
Indicators MSE RMSE MAE MAPE 0852924 olx9] oy FFo] dig oF HLEe
¥ J- }o 3loldk 2= o] A
Values 00224 | 014% | o011 | 1597% PAZY A vebds SR F °l%= Accuracy St

oS
BCRAME &Qld ¢ A= ARL
o)
w

N TAA CARTE ol&3dte] 75 &7 R doliel #
= ek .
. Aglel 4 3 olde B 48xs vehle ez
s d@ AL E o] 8F GHE 5 A= Table selsole)
g vehd wpeb gk o b4 Wk AE F Awdem
olal & & = AE= MAESH MAPEe|™, MAEZ} 0.1281 o .
olg= AL WAAow A AUEI o8 ATE Apo| Table 10. Classification Accuracies of CART
o] 927} 1281%2A A3 4 FEo 9L du :
o SAHI2BI%E IS A TEE AT E Bvaluation TER | Accuracy | BCR
AeS & 5 Yrh £} MAPE7} 1597%2 Heh=d], o] limdliezifors
= AA AEE WH Ak &) 1597%eks ofvlelH o Values 0.8529 0.8750 0.8571 0.8638
T A AEEe] 80%3 Al haiA 69~93%2] W=
ARES 45T & d5S vtk
CARTel efsf 54 wol= &7 oAHEA W= Fig
43 CARTZ 0| €% HolE of = 4ol vpebet mho} k. o)E Fa| Al dol:me] of¥R/4
= WAz 7£23 o= mde CARTE o83t & woll e 2AE =22 5 A dE 5o, 2"A 7t
M2 AT 247t obd Wolwe] /3t Wale BB T 95 9 = A4, F 176wF0] E=d &
ot} vl s £4E MAHuse FHUSF Ale] Alell v A (Diff Point)7b S, ¥4 32 Rz &
o] WA Aoz A= Aoke] Ay wWio] BH g A (BlankWord), ©1%/°1%] ZAl(Grammar), 8.°F A
#AE FRFuA e BAR A2 Az gg Age  (Summary), B Fe] S8/EM/AEY Sequence)ol obd A
Agstag s B4g BAd Pt ofn #F ¢ T °F 8% AER AREasy) AR FAAS Wz 2
= Z|A CARTZ Adatgith. 2+ 2o e g "ol Mg o8 T e Aole T 4w ¥l 3
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