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Difficulty Level Classification of Calculus Exam
Questions Using SVM s with Descriptive Features of
Symbols and Texts

Horng-Horng Lint  ChiasHong Su?  Shing-Lin Chang?®

Abstract

A new design of "descriptive symbol and text features" of cal culus exam questions has been
proposed in this paper. The proposed descriptive features of symbols and texts can be extracted
from various calculus questions and are represented by vectors. The high dimensionality of ex-
tracted features from test questions is then reduced by principal component analysis (PCA) or by
linear discriminant analysis (LDA) for finding a lower dimensional feature space that better fits
the difficulty-level distribution of test questions. Subsequently, a support vector machine with
radial basis kernel is adopted to categorize calculus questions into three degrees of difficulty,
i.e., hard, medium and easy. To the best of our knowledge, the proposed descriptive feature re-
presentation of symbols and texts of mathematical questionsis anovel design for difficulty level
estimation of calculus exam questions and israrely seenin previous literature. In our experiments
of difficulty level classification with 5-fold cross validation (CV), the highest classification ac-
curacy of difficulty level of calculus questionsin atest fold is 95%, while the average classifica-
tion accuracy of 5-fold CV is90.19%. These results are far higher than the mere 33.33% accuracy
of random guess. For the three categories, the upper limit of the 95% confidence interval for ran-
dom guess is about 42.69%. It can be seen that our result is much higher than the upper limit of
random guess by about 47.5%. Validate the significant effectiveness of the proposed descriptive
features of symbols and texts of cal culus exam questions on automatic difficulty level prediction.

Keywords: calculus, question description symbol, question difficulty level classification, support
vector machine, text features
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AR FE R SeH S B Y AR 70 S R (8 B B e 2 R H ) - Hrp BT 3-1
ke 3-2 [ BANE RIS - 30 1023 - HEIARLA 84 [ER = - BRI 16
ROAIEE - S 100 (EFFE -




J z-ca850-01.tpf-14 6/15/2021 13:16:25 e L

N

P

2T > 5 685 2 1

— ~ SVM B A S E ¥

B T SVM U AU S o SERS ) R (R AU 2 8GR E 0 B R
SVM HIRI{E - EE 28 - IEMESRF 28 C 8 RBF 28 y » & @ E 1
FrHI2 B s s g T 2 80EEETE - K » Ce{10%1074,...,10°) &
y€1107°,10°%, ..., 10°) # e 2 BRI - 3E @ A FH R 102 £ ki 5 7822
N E#E& (5-Fold Cross Vaidation, CV ) » DUHIGR S5 47) IE R i = By i (R -
5 A SVM KIGHY I fE2 %k C=1000 B y=0.001 - i £S5 EfER (B
HRETHIEE S MR ) Fy 46.49% - Syt IEMERE NEH BRI -
#LLPCA + SVM U ENIIBR 5 75 PCA FeAfE 22 N=26 £l - 13 IG5
SEH4) TF W SR £ 2 By 55.81% » X SVM C=1000000 £i RBF y=0.001 - ffij# LA
LDA + SVM fi§ll#k - E i LDA 22 N=2 #ff - A5 I8 P10 R
=50 88.19% » [ SVM C=100 g1 RBFy=0.0001 - [A|[it » DL |5l e
RS2 8T EE -

Validation accuracy }7
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1 06
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100000.0
1000000.0
10000000.0
100000000.0
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FSESFEFFET PP 94? !

gamma

1 SVM EBERISEERIE VRN E:EIFTES (Validation accuracies)

— +PCA + SVM & LDA + SVM k¥

EIRE A 102 SEEORL - 84 (EFFEINE R - HOhRlER S - T
73k 25~ 54~ 237 - LEBIRI Ry 12.5% ~ 52% ~ 23.5% - [Efksrple 555 - Hrf
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ABERANBRER - VTRl - BTN RS - 2 8AERE E o D%
AT REERERHAZ2E - Bl PCA + SYM FEfEE N=26+ SVM
C=1000000 £ RBF y=0.001 - ffij LDA + SVM H[&#Z%E N=2 > SYM C=100
£l RBF y=0.001 -
T T B A TR RV S RS - ANE By Rl PCA + SVM
J2 LDA + SVM K 5 FEAS N Barg i Ak bLig - 2% 6 Ry FlI A _Fift PCA + SVM 1Yy
WEZE - BT 25 R SR N Epag s - FE N Test S5 IR R i =m U AR AH 2K 2
o Hrr o FEFIREE RO SR RS E I IEE R /3 Bl Ry 53.92%f; 55.81% » #H
R SREPLE - (HEEFR 7/ LDA + SVM LUk - SEFIRIE [hig 7= - ¥ LDA
+ SVM TEFI R 6 R IR SRS 32 TE IR 43 Il Ry 89.70% ¢ 88.19% - [ 2 K [&l
3 rHlRER 7 FEEIUREATAIRRER R EE - (BE2EEMR PCA +
SVM #H[E -+ EjI SYM C=1000000 Eil RBF y=0.001 % - Z/ll#kEE & HIZk 1S
TEWEZR ST Ry 91.40% K 45.71% » JHIGASEE SR 2 - v] B2 HH)EEE LDA
+ SYM {REZ - 554) - ¥ PCA + SVM Eid LDA + SVM YR AE2 8T - {5
fold CV FEtEPk:E - 81T 25 K » 73S 2GSRI IE MR Ry 51.42%84
89.19% - [MIFHEZ Ry 0.046 B 0.045 » ] —RHE AR the ERFL pE~ 0
(EEE) - ZHEER - R EEAKE - LDA + SVM TR RN IEERE
[t PCA + SVM HEE S -

#& 6 PCA + SVM 5-Fold XX 58585
PCA (N=26) + SVM » sk#u3&% B : 80% training set
EFEFE 1 2 3 4 5 Sy
Test 50% 50% 61.90% 60% 57.14%  55.81%
Training ~ 54.88%  53.66%  54.32%  54.88%  51.85%  53.92%
PCA (N=26) + SVM » jm A 324§ : 80% training set
EAER 1 2 3 4 5 3
Test 50% 61.90% 60% 52.38% 65% 57.87%
Training  56.10%  54.32%  59.76%  51.85% = 5244%  54.89%

S LBETest FHELEE A TrANNg FH EEE > T ERNESFETRE
Motk AREFBAAHED - FERAZ W B 25Kk 58T Lk & Test
FEER A 51.42% 0 B 5 UL E o
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LDA (N=2) 4+ SVM > ko348t ; 80% training set

E R 1 2 3 4 5 3

Test 85% 90.48% 85% 90.48% 90% 88.19%
Training 91.46% 83.95% 87.80% 95.06% 90.24% 89.70%

LDA (N=2) + SVM > im A 3% Bt : 80% training set

R 1 2 3 4 5 3

Test 90.48% 85% 90% 90.48% 95% 90.19%
Training 93.83% 92.68% 91.46% 92.59% 95.12% 93.14%

=2 0 2
D1

2 R7DPEOEHGIREDRE
EL 2 393 ARAAS b B -

0 2
D1

B3 xR7DPEOBHONHESHFE
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= e AR S B T e AR K

ELL B #H 102 &K} - fIARIFI B ME% 4L 100 (MR i E s - 185 67
B=AEAIEN - IAGRAIEER PCA + SVM K LDA + SVM HYHIEASE Kl
TREAE T - (EF RN 1~3%YIEMESR - AT DARR AN 14 0 R b 8 5
H T2 BB B - SB40 0 7E PCA + SVM [y 51k » ZTHE 8 S N=32
R > [FIBRRY 2 B ] RIS SR A S8 IE =R Ry 57.14% - (B FoA2 N Eps i IEHE
I T1.43% » THHISEFR =R ERR =029 » ¥f PCA + SVM BERSERYAE SR » H
HIERHIE SRR E M (confusion matrix ) 2172 8 ik «

#& 8 PCA + SVM BRAEI400 R &R

FRRIME
R XA % ki #
B 1 2 0
THRE F 1 12 0
# 0 3 2

o kAR AN D B AR AT B

BEIR AR B LB B B - TR S PCA 4+ SVM HE HD A ZR 1B M 3
Ao T EILE R - R THRETER L R T R EREC W
A SRS O TR » HURFEIAERE 98 - i PCA I 1] 124 - BL5R 61y " PCA
(N=26) + SVM - I AGERRIEIE o it - 2% 6 [b3e 9 Hy G RGN 6.44%
HYIEMESR - HLATE A “TERR B RN -

F&9 PCA + SVM BIR T RETEM, R " ZB1E8L KHEEY 5-Fold RREEEZE
PCA (N=12) + SVM > #m 384 i 15 : 80% training set
i A R 1 2 3 4 5 Sy
Test 4286%  4286%  4762%  6190%  6190%  51.43%
Training ~ 6049%  5556%  5432%  5185%  5432%  55.31%
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Wi - 708 T ASRETT R ROEESCS T RERRPIR KB E S, o TOEBERR
FCH B ) FERERESERET - AR LR BRERE S - — by
i EE b SR E A MR EE S E s EN B ER R -

At T RERIRFREE SR R o BRI SE M 26 RBF LR EE
7 "8 5, SESE - BEEREVR - LDA + SYM TR HIEIRYIEESR
HHE S PCA + SVM -

TESUBRERRT FT A » ARWFFEPriR iy "R R aR B R RoRip =
RN IMERAFFE R BT YRR ER T - 78 5 A Eped G T~ - HE
HIE SR 2 a5 B 7 7308 > %38 LDA + SVM 15 A JEHYL 9591 IETifE
K 1 5 FERSEEE RIS IERERHm] 3% 90.19% - B s HIE S 8 S iR hE a5
HJ 3.33% - & fR #& Muller-Putz ~ Scherer ~ Brunner ~ Leeb Ed Pfurtscheller

(2008) zHR¥ 3{EFER » DAASC 102 jEHY 2SI A 0 34 ([HE15
FIH NHE S EIELIER 95%(E f8 6 i _EPRAITE 42.69% » 1] FH HI AW 4T 5 iEH)
i o e IR EL G R 47.5% -

He—F 087 EEFREZ2YT - LDA + SVM WY IEMERERE ZEF| 85%
PLE » {H PCA + SVM WY IERER AR 7S - ATRE IR A & AR AR A
% ({# 102 @) MR =E 100 At - EEFEIEF 2 ryE B 8K 5
B BB TR ERE AR - (B ATREE R M AR R S (over-
fitting) AYAES

Aise R SCER STm] » BRIEIGINEGEEE N - W E— BT HE)
{LRE B R AR B T3 AR e AE Bl BEHE I AR A B2 U7 2k A e R AR Bl
R REES - RS THEIMERE - 5500 - TR EEAVE EPEY - FE T E
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B
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