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Abstract

The purpose of this study is to propose a framework for applying Learning Analytics
(LA) to clustering learning process data of different granularity of active learning in

ICT-enhanced education. It promotes instructors' "analytical activities" as a basis for
Instructional Design (ID), a scientific approach to improving educational methods in
which learners independently perform active learning tasks.

The spread of the COVID-19 in 2020 has forced a significant shift in traditional face-
to-face education. To avoid the so-called "Three Cs," i.e., Closed spaces with poor
ventilation, Crowded places with many people nearby, and Close-contact settings such
as close-range conversations, not only primary and secondary education but also higher
education have been forced to suspend face-to-face classes temporarily, and the effects
are continuing in 2021. To improve this situation, online classes, which replace face-to-
face classes with video conferencing systems or MOQOCs, and hyflex classes, which
allow learners to choose face-to-face or online classes flexibly, are being promoted.
However, in these classes, it is more difficult for instructors to monitor and assess the
progress of learners in remote settings than in the traditional way. Therefore, it is not
easy to improve the educational content by grasping the status of learners through
frequent formative evaluations, even though the summative evaluation through mid-
term and final examinations can be conducted.

Although the traditional face-to-face class style, based on teaching by the instructor
and applying by the learners, is efficient in terms of knowledge transfer, many problems
have been pointed out to guide them to a deeper understanding and establish skills such
as "learning how to learn." For this reason, the introduction of active learning, which
makes the learning process more active, is being recommended in the current
educational scene. Since active learning consists of independent learning activities, it is
difficult to assess the active learning results only by conventional examinations, and it is
necessary to pay attention to the learning process. In addition, it is not easy for
instructors to correctly grasp the status of each learner and improve the educational



method because each learner has a different way of proceeding and trial and error with
the target task.

ID is attracting attention as a practical approach for designing educational methods
adapted to these new situations. Among the various methods of ID, the ADDIE model,
which stands for Analysis, Design, Development, Implementation, and Evaluation, has
been put into practice as a method of continuously constructing educational plans and
materials as an educational process. Although many practices have been carried out,
there is no definitive method for analyzing the issues faced in specific educational
processes, and it is often pointed out that appropriate analysis has not been conducted.

This study proposes a framework for analyzing educational process issues by using the
LA approach for time-series data. Various data related to learners' learning processes are
accumulated in online classes and active learning using ICT. There are various levels of
time-series data that vary depending on the platform used for learning. For example,
long-term data concerning the curriculum that students acquire from the entrance to
graduation; mid-term data relating to the learning process of individual courses, such as
attendance, exercises, and examinations; and short-term data including learning
activities in each of the lectures.

In this study, the access logs of the lecture archive system at JAIST were first
analyzed to focus on the learning process at the subject level. This system provides a
form of the online learning environment. The target logs were 42,470 cases for four
years from 2010. The number of lectures recorded during this period was 5,389, and the
number of unique learners was 912. The access logs were anonymized, and clustering
methods were applied to the time-series access logs and the learner's attributes, such as
working students and international students. Based on these data, we visualized the time
of day and period of use of the lecture archive system and the usage tendency of users,
analyzed the usage style of the lecture archive system by students, and examined the
issues for the next system update.

Then, analyses of the learning activities per lecture were conducted, especially the
active learning process. Two experiments were carried out: a small-scale preliminary
experiment with eight students and a regular class-scale experiment with 32 students. In
considering the improvement of the learning process at this level, it is essential that the

learning activities of individual learners occur more frequently and require more data.



Therefore, to emphasize the improvement points, the instructors should pay attention to
when implementing ID, the proposed method aims to promote the effective analysis
process in 1D by extracting characteristics through LA's data-driven analysis. Clustering
groups of learners and presenting them to instructors might reduce the cost of their
analysis phase. To achieve this, the PC screen changes were adopted to collect the
learning process since it is independent of the application used for such learning. Since
the learning process is a kind of human behavioral data, the dynamic time warping
(DTW) method, often used in speech analysis, was applied to conduct flexible analysis.
In this study, the usefulness of this method was confirmed to compress the amount of
information required for analysis to make 1D more effective.

In conclusion, the clustering methods were applied to two time-series data with
different granularity to highlight and visualize the characteristics of the system and
learners. The framework to apply such the LA approaches to ID was also discussed to
improve the educational process. In the analysis of lecture archives for large-span
analysis, the results reconfirmed the significance of the system for providing video
materials as supplementary materials in a sustainable e-Learning environment. In
addition, the system was also used as a part of language support in learning that was not
the original purpose of its development. By applying this point to the ADDIE model, it
is expected that the lecture archive system will be updated more effectively. In the
analysis of learning activities in a single lecture with small granularity, clustering by
DTW provided valuable results for understanding the situation in active learning
situations. Especially, time-series clustering is expected to help compress the viewpoint
of analysis in ID by integrating the learning behavior of multiple learners.

Keywords: Learning Process, Instructional Design, Learning Analytics, Time-Series
Clustering, Dynamic Time Warping
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IT 4T 7=V, EE+T A4 Ay v a vl 27 Ly b PCIEAR, 7
LYy Tr—va vl EREO 4 FHICHHTEIEHBTE, TI/T7477—
SV IPMTONEFA—D T ==V T AR—ZATH > THHEPEENFTICLY

LRk BB ONMITERH 5 Z L BRI Tw 3.

2.2 Instructional Design: ID

ID &k, HEOHMEZ 7R LTHRL, T o % BRMICHEKT 2
(FHFA vT3) FERTHB[19]. 2D& &, BT TR, #
BELXVOVRSCT B ZHMEL, HE Vv R %2779 2Ty 7952
BIDDEFREINDE. [LVRVWEFE 7 nw 2] 2EBT 2720, IDIF [#
BMREED L], [BEEHOME LT3, [BEEHOKNIE2E® 2] &

WO BERTTICHRKINS.

221 IDOBEREH

ID T, ¥EHEOFEADOIRIE L FERDIRE, I oIz b DA%
KL, BE7 v A% L 72451 E D X 5 RRBIC R o -0 2l 3 2 F B &
TR T2 2B RkDOoNE. BHEVNRZH S 72 D1 1 FHEF B B EEA T )R
TH5., BHNC X 2B IALPLCEEHZT~DBEOHZ T ELHCZ L bFREH
RETHLZ, BET o v RARFBREORV X ET 20 THs L Ih, MR
WP HOZREEHT 21T I RIEmMBAH LTS, FHEDE
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REFHHE PEETOREBEIERIN TR LD TREAHE 70 2 %5
WMTHIEBTE D,

HBEEBOMELX ETF2 283, PRC»»PZ2aA 2T iCoRR
2. MLBAEMREZERT 2 -0ic#Hr2ax b zRoTcencEng, X
DRWHBICRZ ZLB3MFcE 3. czTcoaxbeid, A (i), o
(Bobh), Wl CAEIcEL TR, ZhoicBlb s FHETH L. X b R
OB L, Ka X MICHEHBELERT 2 TRERET S 2D, IDOHE
HirREITH 5.

HEEBOMS L 1X, TEEHLZV] 5201 [ o LU \w] EHEIEH
B - Bk Z S 282 2 TH B, INIE, FEEOBEMBMEICHE N
22LTHY, BEFuex ki e e FN—va v LUERFICEER
BWERD., HRCBIZ2HETIE [TE2L51Ch22, 90 hwn
ER-S ] Lo B AR O EENRL CFET 5 L DfERAH S, ZH L%
GHCIIEBHHOMNE WL IF AR, 20X ) GHRE2EET 5L,
[XHICFEL, bolRoThzlAhd]| LWHHE o2 % HEIICL,
Wt T 2 FERkOONE. ZORHTHEHERDOHR T 7 —D ARCS kST €
FATHD., Tnix, BELHYEOEMEEY Attention (7E), Relevance (B
i), Confidence (H{E), Satisfaction Gii/e/&) @ 4 TRICHFEL, FEHERK

EEOLTRERELTCNEHDTH 3.

2.3 ID ®EF : ADDIE 7 /L

ID 1%, k& 221 0HERICEKSE, HE Vv R2NETL2FETHL L
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5. bk, BhWAHEEROFED OICHTRER G Z #H L <
BL, <D ID ETAPRMBINTEL., RifECEZodh T HE R
ADDIE & 7V % #4435 [20].

ADDIE &7 v & %, Analysis (43#7), Design(sxal), Development(Bd¥),
Implementation (52fifi), Evaluation (FHli) DX F% & -7-% DT, #hEHIC
HAEHESCEMNREHE 7ot 2 e LTHALT, EiL, FHiziTy, <
NEIHICHIT, HEFLTHEL T EWIFETHS. ID DEFE vk X
KFE %, ADDIE D% 7 = —RICafEL, HBEIISLCTHEVERT LT, XV X

WHEB 7R E T 5. ZonzXA L 72d D23 Figure 2.5 TH 5.,

Figure 2.5 Gagne 5@ ADDIE £ 7T )L [21]

2.4 Learning Analytics: LA

ICT ZIEH L72BEHEBIEB 5120 T, HEICHT 2T —28ML <
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W3, ICT ZiEH L 728 E/TiEOHIE LTiE, Web e a v 7 vy 2 iE

LC¥EE%Z T 982 e-Learning *°, Z DWW ZEHT L LMSDE K, WO T
HTHEZTHHITRB TR FERI LR TE LT VAV EEMOELGERTH
% MOOCs 7z E AT b 5,

ICT iEHEE T, FEHBREIELINE L IC X VRO — XD
BHEBELHRLTA 7Y 27 FOBEICHE, HEEL &V 282 ik
TO 2B TES. £, HAEPHBRBZLEFEH VT YV LTHRIRTE 3 4
TATHHEMT 22 ik, FHavF v IRV 4KIchoTns, 35
i, 72O LHBRFREERT LI LICLY, RALT —ZBEHETE
5. PIZIEF—KR—-Fr=v ROEEEREZz0 7L LTHIST 52 LA TE 3.
O LRtERTELLC, ICT ZIEHA LA a v vy, 8 icBhES
24797t OFRTRFHEPHEICEEST 247V =7 F OBERK ALY, &
ML DEEa Yy 7 vy~ EZF DR O T 27— 2 & LTHUSL, &
THILHHAREL o T3,

ZNICHEY, EBRHINTZBWRERET — 2 %2EHL X5 &3 % Learning
Analytics (LLF, LA) LW OMIRSERIHAE L. LA &, [7H, #HEICE
F 27— ONEL T 7r—F] LwIEKREINTWS, 25X
B 7= DI, 2010 4FIChA2 4172 Learning Analytics and Knowledge (LAK) [EE&
MOBZ oI TH L. ZOEEREORMEICL Y, LMS % e-Learning 7 & T4

AHEINE T =2 EERTE2H LT 70 —F OWFFEEENN LG ® 72[22].
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241 LA & ZDEF

LA X, av¥¥a—23 4V, BHEFE SERBY, BELYEREOR
e LYEMPRET DMAEHEBTHY, T 2OICEIWTHBICER 7
4 =F RNy 7 %fTHEDBHMER> TS,

R DB Y ICT ZiGH L2436 Tld, BEz2ET 2 2 L Ic X 3 EET DT
R T -2 LCNETE S, InkiEL LT, LA O8lms» b T — X bk
AICIER LTt L, EEEFEOKEEZ THILZZY, BEICAMNART P54 2%
HL7zhF2iAadbaancws, flxiE, Paulo X7 v 7 v 7 0#RE
ICBWTHEBEEDa — FEHE 70 25 5 &R %2 FHI L T 3[25].
F4: 370 AD 154,000 D 2 — F 2> A EIC X o TEE AN X -V IR L,
RO EZ THIL CE 0, RBoMEL v 27 20 FHNCTTWHHEI A3 5
Sl e PE I N F7z, Nazmul iF PC ~DXLFASIOF - r—2
2 O HFE ORIE # #EE L CTH 0 [26], Jaccard FELLEZ V72~ 27 b L2 e
TNAT, F—=Rta—2hORIET ) OREE 0% ER L7z L& L T
W5,

L2L7%adb, WETZ 272134 0GATYEICHCET 7 ) r—v
= v OERICHKTE S 5. Learning Analytics IC5- &b Lo ZDINEICDOWTD
WE D H 525, o TXTHRHERMK & LTRE I N 22 3B R Tl A

TdH 5[27].

242 ZFEWMREROTIL—LT—7

U S23, =7 v RICESKHEHE - FEMEZITI 201, EHEI N
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7eT — ZOREHLH S, KEIOWE L Z ORE» O ET AV EWET LT 7 —
FH2AHN X7~ Figure26 DX 5 7L — L7 — 27 ZREL T3, Zhid, B
D LADT 7u—F23, [FEE], W), MEEE] o — 7 ieifsL 72
bDOTHY, REAOHEIrLET NV EMET 2LV IF LIV — T DHKEET 5

Zlicky, FHRLEEBMTH 2R »OBWINICEZ S LA TES L
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W) FIRTH 5.
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Figure 2.6 RIIMLHE - FEWME 7 TO0—F [24]

243 T —XROHETE & INE
LA ICBWTREARL 2 o2, ¥HiEEcE 37— 20llEE

FOREL, z2oBMTH 2. FENRITEICE TR, REICEI T —



ZOMEXRITH BB TH L. LA KB TIE, HMEL T TR, KA
Ry AT LR LR AT — 2 IEL CHHT 5. IEI LT — XL,
FEHEE XL LTHEIN, BANET — 2083 BKIn 5.
T—=RDY—AF, HEICE TS ICT OFKICH>THEML T3, ZDY
—AFFEEEF LT LT 2BHBRTELED0THNIELEDL I D DT
bANEROFREMEA B O, 7Y ZAVEMZ T TR, FHICHWZ ICT #io
BEOERE, FEOFR R kA ThH D, 72, ZHICHWOLNS ICT HERd,
TAZ Py 7PCR/)—FPCOALLTZTL Y bR~ —} 74 v, LHIE

WBHFTE LY 2T 7T NT AN A ERERIEN T 25605 5.
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F£3=

M DKIE & Research Question

FE T a e 2RSS U CEERD D, RO O5NZREICILU 20 %
HET 2 RN EE INS, HlziE, FHELFRHOBMBHIRIC & 1ciotis 3
D, HEE1a~T IO TE2DORICE o THEA Bk L &R b Ll

L., RKBETIZZDOHOREICOWTHERS,

3.1 TFHFYUT A TADETILE LAVIES

FEOFEE L PE BT AR I A YEE L EZ B LB TE S,
Table 3.1 i, RH[24]ic ko THEEINAZL AV ERT. LA YIX EfLicEH
HEARNDAT ) FEIEE A ME DT SN, ZOTIICHE oY EE & F5E
ERHE VI LA YREEST 2. 2 ORERHIZ, I ioL 4 v¥THD
HHOA) F 2T AL TTHFA vENLZDIDOTHY, KEOHFREIIE
TEZEICEoTEMEINDG., ZTNEND LA VITIRERESLHE, 27 4%
EOEEEENCHWO RS Y Y =R LTHEAET S, 20X )i, FHEHD
FHREVAVIMESFZLE, TFI T4 7RIt THHATHD L&
na., iz, (1) 7—2°oMERPMEDT LN LA VHEHFEICK S
LT, T—2FHOMHRE 7a —2\MEICER S, (2) TFHY T4 7 AICH
LTV aERA Rl P2 S CBEREILEL T2RF ¥ 77 ) L X DX
a—7xFCTE 2, (3) 7—2ofHoHIHZNTKICL, 774 v —%
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Bd LT AMGHEDOY RZIHHZ 2T ENBTES, LunolzfREFons.

Table 3.1 7+ UT 49 ADLA X ET—5DH [25]

L1 FEE #A BRI > X T A
#— "X
[EPN TET T T 4 HMOE, H BRETHHT
v 7 REM, R, %7 DX %
WEDEE - TT7 4 v I DM
FsAR JEME,
Z¥EFRH KEOHEE ER, #E, fHRITHWE BEPLF—
B, MEXIT AT e v B®E ~
DOIWHTE - A, RELNK
g7 EDhy T WA,
il V7L 2733
N
D boHIY X BB, O BMETHWE FEHMA OV
ZLhlZBITS BR%K, BE M- & AT I
F¥AR, Do3AR
FHE DRI
BIFDH/NT
—< A
ek R, =B f&81&, LMS, e
F, NFH&, R—hr7xV
B, KT v
¥, KEH

3.2 WETAHB S OLIHLSDOES

ID ZHWHE 7 r e 2A0UEEICE, BIEOKZ X0l kv. $hbb,

HEMWBEDAEDLLETETD [A)VF2aT7LL_0] ODEVAASY 2L, B

FH Lo [RIHLRL] ORX, B oT [FHERL L] x5y OlE

¥ C, FEOHEHARARETDH 5.

Figure3.1 IZBEHE 7' m v A DK E L HRERTH 5. HRDOKZEICHIT2HE

®HEIC,

HYF2TLLL, BIHL XL,
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Figure 3.1 ¥ 70t X DHE
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ICT BT 20 TFEEILA RSO DBD LD, ZOWEITHICIZT TV 7

—va v TR 7LDy —Ra—=FREPRBELIN, T—X2bIhb
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WANTEZ EOMELE N w30 ERH 5. ML, BT —%& ICT #éss

RHNIIM T OB TE B L nH 22 iThL, ICTHAA2 —MoBEK

y=f)

E LT, AixeHihy, WHARTZEEICERT 2LELED 5,

ATNTIEFIC ICTIERIZEICE T 2 ICTHEOr /T — 2 e K—F 74 )
A EORMICET2E YT — &, EFaAY FaEPREME LTHAHTE
5. —HTHIIE, SWMoFEELRT2IL T, MERETCIIREINTE
FE» S, INFTIChPo7ZRADDDETHOLN D AHEELRD 5.

CDLEREEL L S>TKDIDONRT—LDA M) v 7 LCORETHD, &
DEIDHE 7 v A2 WET LD, ZOHEBE /v A2 WET 57-0I1CT
DX BED, YOXIBiEERFIOT — X BUE O H % R 5 0EDH
b5,

Bl 2 EANBE DAL T — 2 %03 256, ERANRTHLIEHIE, FTH
FOT—2ABRETHL. ZOT—X13 ICT HERFPUIETE 2 X5 ICKiET —
ZICEBL, IHOICHFELAEZT -2 LTEBINEDDOTRTNIERD R,
Bl z1E wave 7 7 A MR ER DT — 2 OfEELORETH L. BT B ERIC
FHICHE L, ST TiERL, AR TERSBETH B, FKiit
R oE RV ERICER L 7208 TH 223, ICT BRI ITEE B 2.
2D, WRLBELZHEFROFHELZELZDLDEVWLI T XD A ) v 7 %E
#L, ZNCAEBLEBEBEB % BhabirnX ), T2 ~OEHBEKRD b

na.
24



FETu v ZOHICHVE T — 2 bFERTH 5. FE 7 v I3
IGLCEBERH Y, FoliflororuwRcEHL, 2070w 2 2dET
21T EDIIRNEICERL, FOXIARBOT -2 BMBETH 22 & iat
TORENRD L. BREEOFE AT 5 IIIREDORE ot 217 5 LEHRH
b, VT4 aEOECEHRZFHET 5 1C1E, K 1 a~vEBL o hED

DI AT 5 BED D B,

3.4 FrR9 T — &

RADHDORIYICHh LT —21%, BEE LD ICELT 20D L\,
Pz 1, AimPxUER EORRIR, KilivhEL — b2 ORFHR, Mt
PRI L Vo ERT -2 ETH D, DX, KL &b IcELT2H
ROFLFDIGRINT — 2 TH 5.

K25 T — 2 DT %, RERINGHT LIRS, RERVIGHTIE, KeRIIT — X %,
ZOZEE%E b 72O T HEROMCZ OFERD Tl &% HIVIC, BITHD 2 \»
BRI TEEHCTONT 22 TH 3.

RIFFETIE, HHTONRE LCGREDOH 2 2 SoMICFEEST %, Billh% £
2T =2 %S, Thick b, FEEOEECHET 2THORHE(L % ¥H
TueAD—2& LTIRZ, KRG ZITI. ID ZHCWZZHE 71t X DKL
TICDT LAWNT 7r—FoREL LT, ET—F2EHVT 2 DORE DK
RO FEML 7. —21%, FIEHEZ@EL 2R EDOKE ott, —DoI3#
21 avzenRELENEDOD/NI BOHITTH B, BIEICOWTIE, RECEN
TERAIN TV IHERT —h A4 TV AT LD KA T — 2% L CTolr
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TEILT, BET ATV AT LD e-Learning & LTOHHMZ ML 7-.
BEICOWTIE, BRI OFiED—D2TH 2 B RIfiELEZ 28 7o &
ZDHNTICHEA L, RECBWTH#EI W Z#RPICA LN EEEDOITEI O

TIHTEAT o 77,

35 Research Question

AWFFED Research Question 1%, 1D Z#ZhEMNICEEZ 27201, LA DT —
ZICH DL OFiEL ID ICERHTE 2w, TH5. ID ICX YRR
B70 2 RAOWELITI 2DICEEMT 2HBICL o THMBBETHY, %
BERL WG ID 2T 2 HEAEL WHEIC, [TORITNIER SRy
FeEHITRET—2DL IR Ly 7ICh b, % TARIFFETIE, LA DT —
ZICHD L% ID LflABDbE LR, RBBT -2 %22 X7 L0DK
HE X WREO/NS RN OEEGENCER L0 21T\, @ Research

Question IC[AIZF 5 Z & #Hf5T.
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BELNLOFET At X0

KECIE, RIHLRADOEE o 2045 HE LT, JAIST iCBW»-CEH X
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WRZ, FERT —HA TV ATLEFIWNAHERZ NG L2bDTHY, v 7
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L, FRNTEMINIERCHE SR LEOHEBEY—vE, WE - FF0TY
ANT =2 LTERL, RRIICER - i3 2d0TH 5. JAIST IcHT
LEEET — N4 7L, WA T T 2B L I MED T L ko T
%[30].

MR T —NA T VAT LICKD LN BEEECIEREIX, A Y F 2 T L 0Z L
Wi i o B8t v, Kl &b I3 3[31). &7 —HA TV AT A
DN HHER AT T S FEERE L L TR R D L5 X5, JAIST Tl
RO ST FET v r— bR & ERML, 4 FIC—EOHE CHI 21T -

T3,
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BT a v ZADPHTIE, HEERT A TVARATLDT I Au Z LT
o7, WRERZ 02, 2010 FEE DS 4 FEB D 42,470 1% X RIT/T 7R - 7=,
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