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In this paper, we consider curriculum mining as an application of process mining in the domain of education. The basic objective

of the curriculum mining is to construct a registration pattern model by using logs of registration data. However, subject registration
patterns of students are very unstructured and complicated, called a spaghetti model, because it has a lot of different cases and
high diversity of behaviors. In general, it is typically difficult to develop and analyze registration patterns. In the literature, there

was an effort to handle this issue by using clustering based on the features of students and behaviors. However, it is not easy

to obtain them in general since they are private and qualitative. Therefore, in this paper, we propose a new framework of curriculum
mining applying K-means clustering based on subject attributes to solve the problems caused by unstructured process model obtained.

Specifically, we divide subject’s attribute data into two parts

. categorical and numerical data. Categorical attribute has subject

name, class classification, and research field, while numerical attribute has ABEEK goal and semester information. In case of

categorical attribute, we suggest a method to quantify them by using binarization. The number of clusters used for K-means clustering,

we applied Elbow method using R-squared value representing the variance ratio that can be explained by the number of clusters.
The performance of the suggested method was verified by using a log of student registration data from an ‘A university’ in terms
of the simplicity and fitness, which are the typical performance measure of obtained process model in process mining.

Keywords : Curriculum Mining, Registration Patterns, K-means Clustering, Fitness, Simplicity
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<Figure 1> Unstructured Registration Pattern Model(Using
Default Option of Heuristics Miner)
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I 2011-1 Mathematics 1 | Mathematics and
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Science System
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<Table 1> An Example of Registration Record Event Log
(Preprocessing Completed)

b Timgtg;tamp TimeEg?amp Subject

1 | 2011-03-01 0:00 | 2011-06-30 0:00 mathematics 1

1 | 2011-09-01 0:00 | 2011-12-31 0:00 | Programming for Science
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B, DPIFIN 7 4oz TRAAL ole 1349 A Rokz trith 74 AT fopd A
g 57HA] w408 A5 3 vlo]E|(Numerical Data) — #5- <Table 2>9F Zth & AgolA= 4719 g+
¢} W53 dlo]E(Categorical Data)® Y& 4= Atk w3 13709 A 2okl el Zzbe] ko] oy
L 242 12 BN FPsE AT dF 5o
. . KeR i i I Al aLgl B
Categorical Data Numerical Data <Table 3><> Creative Design #}=0] 7B} 4Fd23} ok
A 24 3595 UERd™, Data Analysis #5& 5
. ABEEK Goal _ =
Subject Name Nt 857 ool AF WYL vhehile 57449 Wk
S 42 dlo|Eliz <Table 49} Zo] Hela 4 rk
ass .
Classification Required Semester
{Table 2> Academic Research Field Classification
ResearchField
Research .
Field Subject
<Figure 5> Subject Attribute Data E-business Service Engineering, Product Design
Technology Strategic Management of Technology
A% dolEQl FHAF BE YRS Agolse | Mmgoment |IP Managemen
[ = oo = . P i 1, P i 2
e A%HQ F2 TH} ARSI etk 58, | Manfacuring | oo on Ssem 1 Production System 2,
2ool= By vl ARLe sojna o Facility Engineering
e o Tk /\E%O“L“ “T':LO:’ ]H °© "]'_’ o ;" o Logistics Logistics, S.C.M
o H 4]0 B3 o] o e~
o 37HA Al A ow e ¢ glom, A HAel ) System Analvsi Engineering Economy, Cost Engineering,
3 23 dAEE 05YH 271K 9 A2 gddn) § yste aysis System Engineering
Aqk IpEY SR At Hokol 7o Y dlo] Human Factor Human Factors, Work factor
Eilr: 1 X}-iﬂilﬁ 7__“ —%]:§:1‘7]_ %7}"‘3“5‘]—13% Ta_‘_)':__a_] H] O] Ei% HCI, Usablllty Engmeermg
- - N Information | IE1, IE2, Database, Corporate Solution
ol o]Fol &35 A WMZ=3 glolEl: A > [E2, )
T o]—] | D:l_ %iol—‘:} mebd Mg dleld System Information System, Programming for Science, B.C.S
Z 232 AL o 3 > vl
§ wAske A8 7 oslon ol ek dAjezt = Optimization | OR1, OR2, Optimization
Al 'UEJB-E]'EHS] Computer Manufacturing, Manufacturing Process Control,
HEE fo]y AAd+ oS3 Zo] Fsict WA p Automation Systems, Digital Manufacturing
B oot giakel Atistu AFdFska) 1239 9] S o) Qual‘ity. ’flIld Degigr% ‘of expe.rimerlt, Quality Engineering,
73 427) W RG] UlEF EWo RS Ay iy v l;ehabfllty . Eellab:nyl E‘ngmeer;lng — —
- _ athematics an ata Analysis, mathematics 1, mathematics 2,
A8 = B ZIH 0] olal 7} o AL8s OF1- [oi%
P el o4F flow AEEA o Statistics Engineering Mathematics, Statistics Application
FTEE O FAARE Ao WA FFE AT BE [propability Model | Simulation
4, A A9, 3, AFHAE 45 59 4R Etcetera Industrial Creative Desien. Capstone Desien. Internshi
o]FoJAq ). AF Fobke 7t uEI AFdH AGF Engineering g, Lap &n, P
<Table 3> Categorical Variable Binarization of Subject Attribute Data
Subject Research Field(13 Attributes) Class Classification(4 Attributes)
E-biz Math and Stat Etc. |IE Major Req Major Sel Math Computer
Creative Design 0 0 1 1 0 0 0
Data Analysis 0 1 0 1 0 0 0
{Table 4> Completed Data Preprocessing Completed
Required ABEEK Goal Attainment Research Field(13 Attributes) |Class Classification(4 Attributes)
Subject .| Collabo- Self . Math Etc. | Major | Major
Semester i ! - .
Expertise ration |Conscious E-biz and Stat IE Reg | Sel Math |Computer
Creative Design 1 12 9 12 0 0 1 1 0 0
Data Analysis 4 6 8 0 0 1 0 1 0 0 0
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Wy © Within Sum of Squares

By : Between Sum of Squares
Tss = Wt Beg

B.
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<Figure 6> Formulation of R-Squared Value

{Table 5> Results of R-Squared Value Calculation

Number of Elements for
K Bss Wss RSa Each cluster
2 551.417 | 1089.417 | 0.336 | 6, 36
3 826.417 | 814.4167 | 0.504 | 16, 18, 8
4 | 1121222 | 519.6111 | 0.683 | 9, 10, 18, 5
5 | 1199.078 | 441.7556 | 0.731 | 9, 10, 10, 8, 5
6 | 1277722 | 363.1111 | 0.779 | 10, 9, 5, 3, 3, 12
7 | 1312.244 | 328.5893 | 0.800 | 6, 7, 5, 3, 10, 3, 8
8 | 1338.804 | 302.0298 | 0.816 | 7, 4, 3,8, 3,8,6,3
9 | 1371.530 | 269.3032 | 0.836 | 3,4,9,3,5,4,5 7,2
10 | 1401.586 | 239.2476 | 0.854 | 4,7, 2,3,5,5,3,4,6,3
Determining Number of Cluster
31 ~ad of7;9_ “os "’5"8’1;’775-536' -
0683, E|bow Point

(] g' /
=]
2 //0.504
©
9 < |
© o
>
53 0336
o

o~

o

o

o

T T T T T
2 4 6 8 10

Number of Cluster

<Figure 7> Determining Number of Clusters Using Elbow Method
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<Table 5>+ T38| 7ol wel ¥3}sl= R-Squared
3 4 Ak ANFE e o) & THEE 1
dsll BW <Figure 7> #o] £ F 55 7FoE I
g0l Z7bol W&l R-Squared kel T7F Zo] F45A 7
23leg 23 MEEK)E 52 ZAAZIT} o] o] g3
K-means w335 433 A= =g A
S, ATt ool wel YERIY <Table 6>~<Table
8>3} zrr}

<Table 6> Cluster Attribute Values for Semester and ABEEK
Goal Attainment Level

ABEEK Goal Attainment Level
Cluster | Semester Expertise | Collaboration Sel_f
Conscious

1 0.600 0.89 0.26 0.02

2 0.675 0.55 0.52 0.00

3 0.388 0.17 0.00 0.02

4 0.863 0.00 0.59 0.38

5 0.650 1.00 1.00 1.00
<Table 6> a5 3} A3 T o]st7| e &3
AT F3E AR T £ BghS vEhd A
o7 o8| F4lo] 19 NP ASFE sF ol
&3 WAL o|FEY|7E 887 TP IvE A
(W5 HA F97] o]g wHE)S s, FAilo] (]
IWHASE F R &3 waEe] o]er|7t |
g71e 7R A(uS 3 27] ol waHn) &
oju g}, FEQIT Ha 9% gk 1 ghol 14 71
A% Y Tl £3 w9 g5S B3 Y
FEAT HEE AT F ks S dvsie, 09
ANASE BR SRS} dolthe AL ot

<Table 7> Cluster Attribute Values for Semester and Class
Classification

Class Classification
Cluster | Semester i i
Aequred | Selacton| Mt | Computer
1 0.600 0.889 0.111 0.000 0.000
2 0.675 0.400 0.600 0.000 0.000
3 0.388 0.100 0.300 0.400 0.200
4 0.863 0.000 1.000 0.000 0.000
5 0.650 0.600 0.400 0.000 0.000
<Table 7>& WoHE P8} A F o539k &4
TR FAL E2 e Aok TR S04
% 34 ol 1o MH9ASE g 2o aRgEe
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oM vehe MBS o3t 53], <Figure 8>2 13t

ARl FAR ZR A R FH 3}

<Table 8> Cluster Attribute Values for Research Field =A AF7F 09 o]
- 1=

Research Cluster | Cluster | Cluster | Cluster | Cluster

Field 1 2 3 4 5
E-biz 0.000 | 0.100 | 0.100 | 0.000 | 0.000
;Zi};zgﬁfzt 0.000 | 0.000 | 0.000 | 0.250 | 0.000
Manufacturing 0.000 0.200 0.000 0.125 0.000
Logistics 0.000 | 0.100 | 0.000 | 0.000 | 0.200

- Activity
System Analysis 0.000 0.100 0.200 0.000 0.000

Human Factor 0.000 0.100 0.000 0.250 0.200

Information

0.333 | 0.000 | 0300 | 0.125 | 0.000
System
Optimization 0.222 | 0.100 | 0.000 | 0.000 | 0.000
Computer 0.111 | 0.100 | 0.000 | 0.250 | 0.000
Quality and 0222 | 0.100 | 0000 | 0.000 | 0.000
Reliability
Math & Stat 0.000 | 0.100 | 0.400 | 0.000 | 0.000

Probability Model | 0.111 0.000 0.000 0.000 0.000

Etcetera Industrial
Eng Subjects

0.000 | 0.000 | 0.000 0.000 | 0.600

34 22TE 2Y =&

2 ATelM e ks 2 7 #AE 2l e
O ]9
R A=Y

H
93l ProM AZEg o] E o] &3t 21]. ProM

ofe] T2 A2 vholy duelFol F
Hol L2Hx 2l TE3 =5d Zdf o A
A 7 (AT E AL Z2A 2 A F)S Algeit) 2
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<Table 11> Activity Link Frequency Matrix
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