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Abstract

A Study on Learning Behavior Analysis for Reducing Dropout in Online Courses

There is a growing trend to open up academic and educational information and
distribute it on the Internet. In this context, Massive Open Online Courses
(MOOCs) are being offered worldwide as online courses that allow anyone to
receive university—level education without limiting the target audience. The
number of learners on Coursera and edX, the leading MOOC platforms, reached
more than 30 million in 2016. In Japan, JMOOC has provided a total of 340
courses in 2019, and the number of learners has exceeded one million.

However, while MOOCs are expected to have a large number of learners, there
is a problem that many learners drop out of the course without completing it,
and the completion rate is as low as 10%. This is one of the problems that
should be solved in MOOCs.

On the other hand, in online courses such as MOOCs, a large number of logs
related to learners’ learning behavior (learning logs) are accumulated on the
learning systems. By collecting and analyzing these logs, we may be able to
solve the problems in learning. Research that attempts to solve problems in
learning and improve education by collecting and analyzing learning logs is
called Learning Analytics (LA), and various studies are being conducted, such
as recommending teaching materials according to ability, classifying learner
characteristics, and predicting learning outcomes
However, when trying to reduce dropouts, simply predicting dropouts is not
enough. MOOC learners are diverse, and it is not always possible to provide
sufficient time, manpower, and costs to support all learners. Therefore, it
is necessary to provide appropriate support according to the learner. For
example, learners who are likely to pass the course with good grades will not
necessarily need support, and learners who are likely to be Tasters, who have
poor learning activities in MOOCs, will not necessarily want support. On the
other hand, learners who are likely to be able to move from failing to
passing by providing support may need to be actively supported. In order to
realize such support according to the learner, it is necessary to find a
learner cluster to be supported from among many learners.

Based on the above background, the purpose of this research is to classify

various learners by analyzing their learning logs, to clarify their



characteristics, and to clarify a strategy for estimating the learner
clusters at an early stage of learning, which is necessary for finding the
learner clusters to be supported

The specific research tasks are as follows.

Task 1: Analyze the learning logs to determine which features are useful
for predicting learning outcomes (end-of-lesson scores and pass/fail).

Task 2: Cluster the learners according to their end-of-lesson scores, and
identify the characteristics of each learner cluster.

Task 3: Estimate the learner clusters of Task 2 using the learner features
of Task 1, and determine their accuracy.

The structure of this thesis and the outline of each chapter are as follows.

Chapter 1 summarizes the background of the research, and describes that one
of the problems to be solved in MOOC is the dropout problem, and that it is
possible to solve the problem by collecting and analyzing enormous learning
logs of learners. In addition, the purpose of this research and the three
tasks to be solved are shown.

Chapter 2 summarizes research on “learning analytics”. In addition, specific
examples of research related to “prediction of learning outcomes” and
“classification of learner characteristics,” which are closely related to
this research, are summarized, and the method used in this research and the
direction of the research are described.

Chapter 3 describes the preliminary analysis of learning logs. We conducted
clustering of learners using video viewing logs for a research data
management MOOC course, and found that outliers such as playback errors can
cause learners to be divided into many small clusters, and that the problem
can be avoided by counting the number of video views as one if the video is
viewed at least once a day. Based on the results of this chapter, in the
following analysis, the number of video views is counted as one if the video
is viewed at least once a day.

In Chapter 4, which corresponds to Task 1, we extracted the characteristics
of learners from their video viewing behavior and questionnaires of a
programming MOOC course, and analyzed the relationship with their outcomes.
As a result, it was found that learners with higher scores watched more
videos, learners with higher scores studied regularly, and learners with
lower scores started the course later. In addition, the effectiveness of the

extracted features was verified by estimating the scores and pass/fail at the
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end of the learning using multiple regression analysis based on the features
obtained from the start of the learning to N weeks later. As a result, it was
found that the prediction of the score was not sufficiently accurate, but the
estimation of the pass/fail can be performed with an accuracy of 80% or more
after the third week. In addition, it was found that the prediction accuracy
of the score from the start of learning to the third week could be improved
by using the information such as age and programming skills obtained from the
questionnaire. From these results, it is clear that features such as the
number of video views, video viewing interval, start date of video viewing,
age, and programming skills are effective features for predicting learners’
outcomes at the end of learning.

Chapter 5 corresponds to Task 2 and Task 3. In this chapter, we proposed a
method to cluster learners based on their quiz score patterns, identify the
characteristics of each learner cluster, and estimate the cluster to which
each learner belongs based on the results. By comparing the learning
behaviors of the clusters, we found that the clusters with the highest total
quiz scores watched more videos and watched them repeatedly at short
intervals. Next, we attempted to estimate the clusters to which the learners
belonged based on these characteristics. We estimated the clusters using
random forests based on the features from the start of learning to N weeks
later, and found that we could estimate the clusters to which the learners
belonged with an accuracy of more than 70% after the third week. We also
showed that we could estimate the pass/fail at the end of learning with a
high accuracy of 90%.

In Chapter 6, we conclude by summarizing the entire research and discussing
future works.

By solving the three Tasks, we were able to estimate the learner clusters
and pass/fail at the end of the learning with a certain degree of accuracy at
an early stage after the start of the learning. This allows us to predict the
learners who are likely to fail, and also to find learners among them who are
not Tasters, but who can be brought from failure to success with support. By
providing more active support to these clusters of learners, it is expected
that dropouts can be reduced.

On the other hand, there are still issues that need to be further examined
in the future. As for the generalization of the results of this study, it is

necessary to examine how to realize more versatile clustering and its
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estimation. In addition, when using predictions of learning outcomes in
actual educational situations, it is necessary to consider the ethical
aspects of LA.

If the results of this study can be used to estimate learner clusters and
provide content and support tailored to learners, it will help promote the

use of online courses
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2 EOfBlE T —oax2x 5L LT, FAEDODFEHOET M E TR ZITY, HRKE
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DEIERIEICHET 2HEROWNEZITV, ZTNOLEMAGDETCERRTHEZHD
v 2 AR— K EMODA ZBHF L TW5. Xu H[38]1F, 3D ¥ — A THEH LTS
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ELHD[40-42]. ZNIX, T A AD v a v 74 —TFLARFHREORY v a vk,
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Bk LB BORBEEN X — D VBB AERH LS 6 L, MiEO KRR 2k
ERRALEZSBAORBELZITY, Fuy X7 o ho#EICIE, o— A RBEIE
M THDHZLERLTWD. Gitinabard 5 [17]11%, #ZM OEEE O L EITE & &
HiT, TAAADy v arORLIZR> TVWINEORELFIAL TRy T ¥
NOHEFE &2 1T > T 5. Chien H[6811X, [NEPEHZES ], [V =¥ VAT 4
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ZEHEHBOEBEWIZOWTIL, Reich[80]1X, 9 ©2® HarvardX = — A& x5 & L
SO EATY, a—RAEBETTHILEAMNE LERAERCa—AE2MET L L
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WGl Limii 7T — 2 & H MOOC fE DR b WL, FEENHET — ¥ FHIC
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Bo4mE T — X Ok, XER, AT —FERET—~vE L, TER
AT —HAX = 52BN T D7E, T—25BHACHET LD AT ~T
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Figure 3-1 RDM training online course.
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Table 3-1 Number of attendants and completion rates.
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Figure 3-3 Job category of respondents.
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Figure 3-4 Whether the course was useful or not.
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Figure 3-5 Co-occurrence network (Job category 3).
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Figure 3-7 Pass / fail number in each cluster.
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Figure 3-9 Pass / fail number in each cluster.
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Figure 3-12 Job category in each cluster.
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Figure 3-13 Pass/Fail ratio in each cluster.
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Au LIeFEEORHEGEREnolclzbbBEZ2bND. (a)& (B)DORO, SEN
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mWEEBEZLND.
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4.4, RBEBLOAETOHE

4.3. DFER MG, BMBHEHETH» OGN HEEIX, FEEOSKEHET
LH1DICHHT A ENTEDLEEZILND.

FEKTREORBOHEEICIE, HYORGEES NHEMEZOL T ORREEL
W5, ROOBGEIEN S NBEMZOKRBEZ VWSS, Bh CZ#EL2 A
L7 E8EX, H2ORELIREE, FrEENEL LR VIREBIZ 2 225, MOOC 58 )% 0 55
A, T LLEENAHM L CEETI2DbT IRV NG, FHH T L ORI
RIEIZ Lo THEEEITH)> Z L & L.

1) A4 A5 T 55

% Unit OBGZ 1 B 1R ERZHEAICL, Tz 0 s LT, NEBO
AFEAMGRIERE Lz, Z2EEMIT 450 Unit THERSA TS0, BgHE
WHORMETARTT -2 LD,

2) B O 15 HE T B

B I1E, 2BERECAICHEED Unit OBGEZHRIE L8413 00, 28E RN
bOHHEZOFBICMBEZHBLELSIX1IBEE LTI Y Fand. ZiE
EHRICEOCER CHRIET 20, B 220 CR2DOMICRD. X432k,
20 AL EOBHEITIFIE O TH L7720, HIEHFEIZ0ORNS 19 AL TO 20 RLD

—Z &L L.

3) B o BB 45 A

B AR~ D I H) O HEIE B B R O B &2 &2 R T8, FEMHARRT, BHE
MDOHMHEANRNGND., ZHIE1IRET —FThY, —EHHEBEN 220 VXA
BTl HEZFERAGA L L.

FEKTRO SR TN, EROBGEER (Vi~V4) D 4RTT—%, B
GALBERH bR (DO~D19. DNIX, NHREME T2) O 20 RcT —%, BB GHEH
W H (Start) O 1 WRIET —H&=Hbdl, @K T2 R LT —F¥EANhEL, &E

AT 2 W TFEKTRO SR E &S FERT 5 X5 I ¥R ER R L R E
THIETITo7z. Y= LT, =T =20k Y 7 FTHD R
ZRH L.

#4-31C, EBREYRSHT O REZ RS, KOOWRGHRIENS 1 HEZEOT — ¥ %
AWTHEE L EEREIRAK S E 4-3@), SHMZEOT -2 Z MW THH Lz
R EF R AR 4-3(b), 10 BB OT — % & AW TR L 725 17 B 1%
BRE 4-3(c)ThHD.
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#F4-3()F R AL, HOOMMGEHEHTE)? S 1 EE% T,

0 A5 6 H o1 R

f@ (DO~D6), MLt D HBEEL (VI~V4), MG OMTER 45 B (Start) @ W7 40 D 1R E R

FERBEEOAERLDIZR > TS, KT,
INOLBRREDOTHTHENRENZ EBTND.
K 4-3(b) 2 RBD L, HAOOBRGHEIE D 38 H % TIX,

DENPRKE <,

0 H2x5 1 B o LI b

(D0O~D1)

18 B2 5 19 H @ #HEE

filk@ (D18~D19), Unitd O Mg EIBEE (V4) OFEEREFHRELAMITHEE LR DI

o TWD., Kz,

THOHBERE D7) oEAKRE <, 3EHR TIE,

EOBD KL ORBER SO THIICEERLDLZ LR IND.
#F4-3(c) B A DL, ROOBMMGHEFELS 10 BE%IX, 1FI1F, 3HEM%ZEFRED

M2 H 505, 1%L EEIC,

WEWHSEP L R oD,

Table 4-3(a)

# 4-3(a)

H (A 43 Ak A (1 38)

Results of multiple regression analysis (1 week).

1 [ 2

0 H225 1 HOMEERIFE (DO~D1) D2 K =

H HEAEIE K AR ERE 0.326

46

e TIEI e tiE pfE

V1 -0.628 -17.394 < 0.001|***
V2 -0.452 -15.26 < 0.001|***
V3 -0.097 -4.914 < 0.001|***
V4 -0.069 -3.775 < 0.001|***
DO 0.528 18.767 < 0.001|***
D1 0.484 17.051 < 0.001|***
D2 0.240 11.951 < 0.001|***
D3 0.149 8.079 < 0.001|***
D4 0.160 8.934 < 0.001|***
D5 0.152 8.558 < 0.001|***
D6 0.143 8.074 < 0.001|***
Start -0.382 -16.978 < 0.001|***

*%% p < 0.001, **% p < 0.01, * p < 0.05,

p < 0.1



# 4-3(b)  EI[EIF 5 AT ARG 5 (3 )
Table 4-3(b) Results of multiple regression analysis (3 weeks).
H A& % AR EMRE 0.574

I CI Y tig pfiE
V1 -0.289 -9.058 < 0.001|***
V2 -0.216 -4.775 < 0.001|***
V3 0.158 4.699 < 0.001|***
Va -0.026 -1.462 0.144
DO 0.229 6.048 < 0.001|***
D1 0.256 5.949 < 0.001|***
D2 0.168 7.815 < 0.001|***
D3 0.115 6.651 < 0.001|***
D4 0.180 11.197 < 0.001|***
D5 0.146 9.407 < 0.001|***
D6 0.197 13.168 < 0.001|***
D7 0.268 17.446 < 0.001|***
D8 0.166 11.627 < 0.001|***
D9 0.137 9.763 < 0.001|***
D10 0.106 7.795 < 0.001|***
D11 0.072 5.308 < 0.001|***
D12 0.082 6.021 < 0.001|***
D13 0.062 4537 < 0.001|***
D14 0.052 3.877 < 0.001|***
D15 0.055 4.085 < 0.001|***
D16 0.069 5.140 < 0.001|***
D17 0.036 2.676 0.008 [**
D18 0.021 1.582 0.114
D19 0.002 0.118 0.906
Start -0.156 -8.555 < 0.001|***

**%x p < 0.001, *k p < 0.01, * p < 0.05, + p < 0.1
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Table 4-3(c)

%% 4-3(c)

= [R] 5 40 AR S (10 )
Results of multiple regression analysis (10 weeks).

H B IE 3 2 P OE£R %K 0. 591

B R B m AR 2 tig pfiE
V1 -0.399 -13.533 < 0.001|***
V2 -0.419 -9.442 < 0.001|***
V3 -0.053 -1.449 0.147
Va 0.045 1.546 0.122
DO 0.410 9.703 < 0.001|***
D1 0.400 8.803 < 0.001|***
D2 0.193 8.411 < 0.001|***
D3 0.117 6.309 < 0.001|***
D4 0.175 10.536 < 0.001|***
D5 0.165 10.493 < 0.001|***
D6 0.199 13.042 < 0.001|***
D7 0.278 17.752 < 0.001|***
D8 0.136 9.546 < 0.001[***
D9 0.099 7.146 < 0.001|***
D10 0.090 6.674 < 0.001|***
D11 0.071 5.274 < 0.001|***
D12 0.063 4.702 < 0.001|***
D13 0.046 3.418 < 0.001|***
D14 0.064 4.836 < 0.001|***
D15 0.048 3.609 < 0.001|***
D16 0.051 3.829 < 0.001|***
D17 0.028 2.136 0.033 [*
D18 0.012 0.931 0.352
D19 -0.014 -1.032 0.302
Start -0.187 -10.937 < 0.001|***

**%% p < 0.001, **% p < 0.01, * p < 0.05, p < 0.1

48



X 4-5 1%, ZEHBEBEHO ORI\ ZRKE LTV o840 H EEER»
PRI O LA AT, 30 BB, 0.6 BifIC7e > TH Y, BR O BIITEIZ
bOHRE, REEHHATE WD LR GND.

0.8 1.0

0.6
|
+
\
\
\
|
H
|
|
|
T
|
|
+
|
-i_
|
|
+

N\

0.2

Adjusted coefficient of determination

0.0

1 2 3 4 5 6 7 8 9 10
Week

4-5 B HEEIEF R ERK DL

Figure 4-5 Variation of adjusted coefficient of determination.
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Figure 4-7 Variation of correlation coefficient.

Bl4-812, HELZABEEHWIEAGOMEM KL R . T OE CTIERAEN
70 REL BTG, 70 SREIEIAGKICRD. 20k, EEO RN 70 52 L
T, TRISNTZAEN 70 AL EDSE, B, EEOSEN 70 S KT, T
P S N7 BN 70 SR OHE, G, ReREzELIHHETCERLI LIRS,
X 4-8 # /5 &, 3HELUUMKIL, 80%L LOKE CAGTOHEEITZ TWD. Dt
RELTZ 2,415 HOEHEIL B THY, HMIZEELREGKLELESELIV LS
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Figure 4-8 Prediction of Pass/Fail.
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WE, BLO, A/ AAKEOMEN EOREREIN DD ERGEL 2.

4-9 I MO oM AT, M, FETdH Y, BEO AEY © 0 L 10 D[
X, 0Ll L, 10mRMICKIGT 5. BT v r— hTik, AFE2EFEZXDH L9512
o Tz, BlEHETH D 2016 ENDLEEEFI WA FEmME Lz, 7272
L, AFEIZONWTIE, BEZANL BN Th oo/, B L7 2016 4FRF L TO
EWRS 0205 100 K OFMHALIAA D RERRMEIZR>TND DN 24 b o772
D, TNHEEBRAL TOMERD TWD. BIEOFEHERIT, 46.9 M Tho 7.
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Figure 4-9 Distribution of ages.
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e Vo IRWREAE L DEANRKREN ER 5. FHRBIZHOWTITL,
W,X,Y,Z DAz, 29.6, 32.7, 51.3, 55.0 8 &7eo7-. Z OEEIX, EITHEWA
MEO7a 77 I 7HEELTHBELEZLO TH DL, EEICIK, FEs L2
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Figure 4-10 Age and score distribution.
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1%, 1,309, 597, 391, 118 TH Y, AFANEL R DHIZONTAEITH > TWVW5.
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Figure 4-11 Distribution of programming skills.
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Figure 4-12 Programming skill and score distribution.
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L2 bET, =V —-FOEEEOHIFEL L THWLA L TF-IDFEZFHE L,
EARZWIEIZLLTDO 60 ORGEAXEEL2F—TUV—NE LTERHELEZ. b
DHEEBEOHIABZ TN ETNOEFHEORKME L THHT .
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MAEBRLOLERSTWVWD. IRKEOTa 7 I I 7IZEHLTELEILDL R, [7
R IVITEEAELEZY] Lo RHIESERERKBRLIEbDEEZLND.
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# 4-4(a)  FE[EF AR S (1)
Table 4-4(a) Results of multiple regression analysis (1 week).

H H B IE 3 2 P E£R %K 0. 355

PRI R 2 HE pfE
V1 -0.577 -16.103 < 0.001 |***
V2 -0.416 -14.041 < 0.001|***
V3 -0.088 -4.528 < 0.001|***
V4 -0.064 -3.543 < 0.001***
DO 0.472 16.732 < 0.001|***
D1 0.454 16.026 < 0.001 ***
D2 0.232 11.673 < 0.001 |***
D3 0.135 7.377 < 0.001|***
D4 0.145 8.086 < 0.001|***
D5 0.149 8.520 < 0.001***
D6 0.128 7.289 < 0.001|***
Start -0.368 -16.431 < 0.001 [***
Skill 0.136 7.764 < 0.001 [***
Age 0.099 5.646 < 0.001|***
Turs Iy 0.024 1.347 0.178
AR 0.032 1.879 0.060
s -0.013 -0.723 0.469
a=E A7 N 0.030 1.675 0.094
Al -0.010 -0.561 0.575
Hntt 0.006 0.344 0.731
AT 0.007 0.419 0.675
P 0.007 0.427 0.669
FRN -0.007 -0.442 0.658
B4 -0.001 -0.059 0.953
galk 0.011 0.609 0.542
HeAs -0.008 -0.471 0.638
EEG 0.014 0.854 0.393
il 0.001 0.037 0.971
FE -0.017 -1.007 0.314
[ 0.007 0.408 0.683
fih gt 0.027 1.584 0.113
fHH 0.027 1.551 0.121
Bk -0.004 -0.264 0.792
LI 0.031 1.863 0.063
1 0.011 0.613 0.540
E2=r/R) -0.023 -1.379 0.168
L 0.011 0.668 0.504
B 0.036 2.063 0.039 |*
il 0.021 1.213 0.225
TERL 0.012 0.704 0.482
HAN -0.002 -0.137 0.891
R 0.006 0.384 0.701
HN 0.020 1.165 0.244
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(AT~ —T B HE<)

A¥ -0.002 -0.113 0.910
2 -0.013 -0.771 0.441
Sk -0.005 -0.323 0.747
M -0.011 -0.639 0.523
o -0.025 -1.500 0.134
5 0.016 0.956 0.339
HHR -0.020 -1.207 0.228
Jiik -0.015 -0.886 0.375
A 0.018 1.068 0.285
etk 0.016 0.949 0.343
feiiy 0.003 0.192 0.848
hinhod = -0.001 -0.050 0.960
kol 0.033 1.990 0.047 |*
T -0.023 -1.069 0.285
Fh -0.012 -0.696 0.487
S -0.011 -0.639 0.523
AT T 0.014 0.742 0.458
iz H -0.021 -1.234 0.217
JieE -0.023 -0.967 0.334
S -0.018 -1.072 0.284
S 0.007 0.393 0.694
s 0.009 0.522 0.602
A 0.023 1.334 0.182
B 0.013 0.759 0.448
Eli! 0.031 1.337 0.181
[ 0.003 0.167 0.868
Ny A 0.005 0.314 0.754
il 0.051 3.013 0.003 [**
el -0.006 -0.368 0.713
7Y -0.015 -0.875 0.382
T 0.021 1.249 0.212
%k p < 0.001, *kx p < 0.01, *x p < 0.05b,
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# 4-4(b)  FEI[EIF S HTRE S (3 )
Table 4-4(a) Results of multiple regression analysis (3 week).
H & E® AR ESRE 0.577

YR RN IR R 2 tE piE
V1 -0.274 -8.565 < 0.001|***
V2 -0.192 -4.223 < 0.001 |***
V3 0.151 4.488 < 0.001|***
V4 -0.033 -1.778 0.075
Do 0.207 5.454 < 0.001 | ***
D1 0.254 5.894 < 0.001|***
D2 0.168 7.758 < 0.001 |***
D3 0.104 5.978 < 0.001|***
D4 0.176 10.785 < 0.001|***
D5 0.140 8.910 < 0.001 |***
D6 0.194 12.847 < 0.001|***
D7 0.258 16.629 < 0.001 |***
D8 0.158 11.043 < 0.001 |***
D9 0.132 9.334 < 0.001 |***
D10 0.105 7.582 < 0.001 |***
D11 0.070 5.103 < 0.001 | ***
D12 0.079 5.766 < 0.001 |***
D13 0.058 4.201 < 0.001 | ***
D14 0.051 3.771 < 0.001|***
D15 0.054 3.938 < 0.001|***
D16 0.069 5.130 < 0.001|***
D17 0.031 2.296 0.022 |*
D18 0.018 1.298 0.194
D19 0.004 0.296 0.768
Start -0.158 -8.595 < 0.001 |***
Skill 0.095 6.627 < 0.001|***
Age 0.007 0.490 0624
Turs Iy 0.002 0.112 0911
PR 0.007 0.477 0.634
] -0.006 -0.394 0.693
A= R0 N 0.028 1.916 0.055
aHE -0.015 -1.088 0.277
] 0.001 0.084 0.933
YL 0.003 0.197 0.844
P2 0.011 0.795 0.427
PR 0.003 0.222 0.825
H4r 0.013 0.935 0.350
Fask 0.006 0.411 0.681
JeA -0.001 -0.102 0.919
= A 0.002 0.130 0.896
Tl -0.016 -1.140 0.254
8 -0.005 -0.380 0.704
s 0.010 0.697 0.486
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5k 0.017 1.216 0.224
LS 0.010 0.738 0.461
Bl -0.003 -0.184 0.854
L 0.013 0.942 0.346
& 0.020 1.418 0.156
& ot -0.011 -0.808 0419
L 0.002 0.159 0.874
Bt 0.032 2.268 0.023 |*
] 0.013 0.922 0.357
1Ehk 0.005 0.375 0.708
ExH 0.004 0.257 0.797
RER 0.002 0.112 0.910
#N 0.010 0.754 0451
A% -0.005 -0.304 0.761
23 0.005 0.376 0.707
S 0.004 0.299 0.765
N -0.007 -0.495 0.620
e -0.024 -1.757 0.078
& 0.009 0.658 0511
W -0.028 -2.066 0.039 |*
Jiih -0.012 -0.878 0.380
NG 0.022 1.630 0.103
Rtk 0.022 1.609 0.108
il -0.006 -0.410 0.682
hiph R4 -0.002 -0.120 0.904
kot 0.033 2.404 0016 |*
T -0.002 -0.094 0.925
Fh -0.004 -0.297 0.766
e 0.005 0.331 0.740
AT T 0.011 0.730 0.466
I -0.006 -0.418 0676
Jiee -0.035 -1.828 0.068
#ES 0.005 0.346 0.729
s -0.001 -0.048 0.961
fan 0.004 0.289 0.773
Al 0.013 0.924 0.356
i 0.001 0.089 0.929
P 0.017 0.896 0.370
(S 0.014 1.049 0.294
YA 0.000 -0.008 0.994
il 0.024 1.707 0.088
g -0.011 -0.837 0.403
77 -0.002 -0.167 0.867
#ET 0.024 1.799 0.072
%k p < 0.001, *kx p < 0.01, *x p < 0.05,
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= 4-4(c) E[EVF PR R (10 )
Table 4-4(a) Results of multiple regression analysis (10 week)
H & % A EMRE 0,594

EEHE R AR 2 tfi& pfE
V1 -0.381 -12.815 < 0.001 [*¥*=*
V2 -0.390 -8.689 < 0.001[***
V3 -0.051 -1.382 0.167
V4 0.039 1.296 0.195
Do 0.381 8.945 < 0.001 [*¥**
D1 0.390 8.521 < 0.001 [***
D2 0.190 8.185 < 0.007 [***
D3 0.109 5.848 < 0.001 [*¥*+*
D4 0.171 10.080 < 0.001 [*¥*+*
D5 0.160 10.062 < 0.001[**+*
D6 0.195 12.682 < 0.001[***
D7 0.269 17.010 < 0.001 [***
D8 0.133 9.280 < 0.001 [***
D9 0.099 7.048 < 0.001 [*¥*=*
D10 0.091 6.647 < 0.001 [**=*
D11 0.066 4.897 < 0.001[***
D12 0.060 4.455 < 0.001[***
D13 0.042 3.152 0.002 |**
D14 0.062 4618 < 0.001 [***
D15 0.046 3.425 < 0.007 [***
D16 0.050 3927 < 0.007 [***
D17 0.024 1.798 0.072
D18 0.010 0.790 0.430
D19 -0.012 -0.900 0.368
Start -0.185 -10.766 < 0.001[***
Skill 0.094 6.727 < 0.001 [*¥**
Age 0.018 1.295 0.196
AT A e -0.002 -0.138 0.890
PEAR 0.008 0572 0.567
Wi -0.008 -0.592 0.554
FA=E A N 0.014 1.013 0.311
i -0.013 -0.965 0.335
FERE 0.001 0.090 0.928
EIE 0.014 1.026 0.305
P 0.012 0.894 0.371
FRE 0.001 0.077 0.939
B 0.007 0.535 0.593
Tk 0.004 0.283 0.777
A -0.006 -0.432 0.666
GLi 0.010 0.738 0.461
i -0.007 -0.500 0.617
T34 -0.007 -0.543 0.588
Al 0.006 0.481 0.630
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s 0.019 1.416 0.157
[LLES) 0.006 0.435 0.664
Bk -0.006 -0.428 0.669
B I 0.008 0632 0.527
& 0.017 1.225 0.221
ERey /Al -0.004 -0.330 0.742
Ll -0.005 -0.341 0.733
Bt 0.027 1978 0.048 |*
i -0.001 -0.084 0.933
1Rk 0.014 1.006 0.315
ER I 0.011 0812 0.417
R 0.004 0.285 0.776
#N 0.008 0608 0.543
A -0.002 -0.113 0.910
=23 0.000 -0.030 0.976
Ak 0.000 -0.022 0.982
N -0.009 -0676 0.499
{1 -0.024 -1.839 0.066
& 0.012 0936 0.349
W -0.008 -0.615 0.539
Jiik -0.004 -0.328 0.743
NG 0.004 0.289 0.773
4 0.026 1.952 0.051
il -0.003 -0.197 0.844
ERT AL/ R B -0.004 -0.285 0.776
ki 0.034 2574 0.010 |*
T -0.015 -0.865 0.387
FA -0.005 -0.403 0.687
SR 0.006 0.457 0.648
AT T 0.010 0656 0512
e -0.004 -0.272 0.786
JeE -0.029 -1.532 0.126
& 0.007 0.555 0.579
S 0.011 0.802 0.423
g 0.011 0817 0.414
L 0.014 1.002 0.316
A 0.007 0532 0.594
=51 0.026 1.420 0.156
2N 0.012 0910 0.363
s a -0.015 -1.118 0.264
Heilt 0.025 1.838 0.066
Pedir -0.002 -0.172 0.864
7Y 0.008 0613 0.540
T 0.019 1.459 0.145
*kk p < 0.001, *kx p < 0.01, *x p < 0.05,
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Figure 5-1 Decision of the number of clusters.
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Table 5-1 Number of learners in each cluster.
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Table 5-2 Eigenvectors.
PC1 PC2 PC3 pC4
Unit 1 -0. 4380009 ~0. 87650596 0.1990193 -0. 01684579
Unit 2 -0. 5336600 0.07636845 -0. 8229807 0.17910201
Unit 3 -0. 5152636 0.31671212 0. 1955049 -0. 77199394
Unit 4 -0. 5078046 0. 35439892 0. 4948453 0. 60964256
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Figure 5-12(a) Mean decrease Gini (1 week).
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ARMEOmWWI ZJAZOFEERLORREZ 7 +— 7 L5 ETRET LIV
ELBZOND. HAxOBBIIE LT EDMMPONT R — FRHFHFETEL L LD
MOOC 2B 2D Ry 77 7 hOFRIND 1 2E LTHETF LN DI 67] DI
LbHIRFTE S, £, FEREOMBHBEITHOENTOWVWTOT —Z B b
(G LIZANE, ZOoBGEZ TR TVWET) oz iflaiiid s b
T, FEREDPLVDRNCFR A2/ TH LB AREIC R D.

Flo, KFRORFIZEL Y, BEBHEEA F & L7 MOOCH#HEIZHE W T, B o
BEAr, MIEERING, WEEBHLA A, Fl, AF L VoM ER, FEHFOEEK
THONREEZ THIT 57D HENRHEEETCHL ZERHLNTRY, ZThiX
Ak D MOOC FEFMEZAER L, FEHEOFEK TRROMEZ THIT OO & L
ThbAMERDEEZOND.

6.2. WIZEDORA L A% DORESE

AWETIE, Fuy 770 FOBBOZDICHELRD, YR— T REEE
HO AL ERVWHTEOOHTKERGNCT LI EA2MEORMELT, £0
RAEZATVY, 6.1 THRATZ LS —EOMRZE EIF 52 enTE. LLan
5, A%, B, REETNEHRELE-> TN 5.

1O, FHOYVR—FORRIE, 5B TCHERLI FAZ CLETLEEZEZ TRV,
EWOMBTHD. bETHRE LIZMOC a3 —ATIE, ZEHEELZI TAX AND
77 AL DETOADIHHL, 7 TAL N 7 T7AFZBIZOWVWTIE, FIEEHK
LTWalew, Fry 77y ba@RT2EKRTE, FR- FPELERZNTH S
YEEZ, e, 7IAZDIEZOVTIL, BEALEEEZTDR Tasters ([T
JSL, BT LY R—FE2LZATHRWEASA) LER, VI7AXZCEYR—FD
HRETHDHELEE. LrL, ZF7AZBIZHOWTH, HiFZ TRV 0D, K
BREPZENTVD . E72, FHNRREL 7 7 AZ AMTHENTRNZ L0 b,
FEHORNMS 2RI 5LV EHRTIE, VA —FOHRICEDDLZELERLD
nWo. £z, Z77AZCICRBRTL2FEEAEOR TS, PEHITHLRRILGEIE, &
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ERYR— IR EboTL 2 iELH L. HEORKL, AR —FDHMEW
STEHLOLBELT, COFREI IR EZRNGLEL, EOLOCHFR—1+T5
MEZEZXDZEHBULEILRD.
Fo, Z7I7AFCIZK LT, KVECHWRYR—N2TE5 T 25546, 77X
ZCIZONWT, LVFMARREEZHALONCTILERDHD. ZNIZE, 77 A%
R 5FEED, o MOOC FFEE TOFEEITE 2 A2 MHATE 2R H
L. el ziE, 7R ZCOFEREFL, KOOI LEFFEFEHEZITO OO, &
HCEBFEHEZLODTLES>TEY, Lo MOOC #HETHLRIBEOITEZ & > TV
LHARMERH L. o, BEICENTETORDOFEEEL &> TR, TNLHOD
AR OEH16] 72 EH, 7T AX COXVFEMBRRHEERLNICT 272DICFH
TEHAEERSD. Z D7, HE O MOOC 5§ HE % %t 5 & L7 %8BS 0 5
MLE LY, ZhiX, SBOBEO 1 LS.

AKWFFED R D —fRALIZ DWW T, HIZHRAET 2L ENH 5. — K D MOOC G JFE
ERGE LSS, TLL, AMEOERDOL IR A4S0 T AXIZHETE
HERRLT, o, DEEINTEIZ TAXOBELLT LHLRKICRD EITRL
. Tl xIE, 77 AZBIE, BIEOETRELWI LB T/INT A MO
BRELDT s FALZLEEFZZILI, MEOETHRIIEKF LI A2 LEZILN
L. —HRIZE, FEENREOLIR I T AXZICHEIND L, EEOBHSLE
TRM, MHES, rREMHFICIoTETZEZEZLND. —FHT, [2.8. %

HHERFMONE) TR LHL, FHEDOI T AZITIE, bIBREOEHEES
b % [18-20,82-84]. Z D7, ZEOHEEITH LT, A& FAKRDOMAEZ AT > T
W ZET, KOVIHEDE WY T RAZ5\RLEDOHELITZA D AIREELH Y,
CORIZOVWTHASBRRGEL ER TV .

F 7o, AW TIX, MOOC FEEN S D 5 Mg o HEE S, HREMNE, 15 44
H, i, AFLEVoBEELZHWT, FEKTROMELZ THIT 2 FiE%
RELEN, HHDOMOCFHEEZ R E Lo xiT 5> 2 & T, Wi, 4o s
BaHIHT L T80 REIZEDOSLVORFHBEEAB VO, HEEZ X5
B, CORMTRUL2ONBRONOMNE, FEEOKEIEZED D Z LN TE A
BREPRHY, ZORBEHOREICRD.
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LD, FEHITEDN OO/ RO EHETIRE, HBO5VWIIRED Y 7 XX &
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EHR L TWS LER D D.
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