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ACRBCE N AL Az (MOOCS) eh@de 2 2 > RE Y @R 4 Ty
B A A3 ERTERIFY Y AEL NN R AR R KESGF
PR L G B g T b T S AR F R Y F R F AL BV E
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WLARMAE T TS | LB A1Bw Mo BiEAFRITERE 4 BB
L3950 ST AR A bl KT TS Sl e e gy
BE A IRARAY 0 EA Y B B A I AR A T S e 2 2
(Silva&Roman, 2021 )< #km » p$fA7 5 e T B BE 5 B¢ 3B R R A L b s
WA FHF L e F VAR VR EFLIEASFE S v BERRE R TEY i
el M o IR A L e T o

BAT R ] 0 A2 3l r dr F A 45 (Topological Data Analysis, TDA) ¥ &3
Mapper =% > (F2 EE Y 72 ZFRHEOAITIE o 2 B2 2852 )
& w3 xdps] > Mapper SiEE R EFS v Bl 0 B3 TS TRER G FER
BHOREFIREZTAMTH G AL VL EERTEEURRECE AN
e AL TPHEEAEYVREDIRFE v o a @RI AL OEEATRL F S
AREVAZ2RL-FT A2 KR EHSE B PERTSE - A - H M
MBI FAFY AR D LA EEE A NP AR ML T2 R -
ﬁﬂ{fmwéﬁﬁépiﬂ”¢7W£“; T BR N E Y EEOER R T E R

LG RARBTHLER PR FY 75T A AU AR IR Y BT
?ﬁ[ﬁ}_ﬁ LT ik E A~ ik o

RIS

-~ FEATHRNAER

&% 7 5~ 47 (Learning Analytics) £ #p 52 v A3 MiiehE gL > S #3055 1118
REFIER AR BT L AR R PR B2 L2/ (Tinto, 1975) - 2
MO ERT ARG, AN BU I A K TERA YRS S Y REFIL IR
KFEIT & 210 o (8 RF I eanzb@ g 4 78 4 7] (Bean & Metzner, 1985) i = &
Tinto Wik AAl o HHABA L Pt By s o HABRF S ka1 7 jif
VBB EAMERTE o LA BRGAE I PR ERE ] R BRASYHFSE .

WFHAABE Y F ML Y e - R NIRRT I A DG AT
#ert g EBLgE e 0L s A s 1_3% FRE 7l B Y g pEE 4 > 3% A4 40 a A ik
E%igﬁﬁ@ﬁr&imn}@yﬁﬁﬂﬁiﬁPﬂ$Yﬁ B T LR
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PSR REET R w4 E AR EE Y 0 28 (Kember, 1989) -

otk T EY e R Tinto RN T E L - &R RGN 0 1
v A B Y B g S 'x}leir”é_@]F*J% (Rovai, 2003 ) * dp o B23R Tinto hEF 4
3% 0 1% Bean £ Metzner s iz 2B AE 4 A A HIEEE Y T 3L
FERFO LA K R MRIL LR Fle 7 LR IR 4 ik 7
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AR RE L EA S - B R A m)‘ﬁﬁ_‘i% v 2L H - pERF R R AR o
TR $ﬁgud’%%%§*uﬁﬁ§” BER AR I R R T 0 M AR
B 3 B R Y R HTED R A R o5 TS g B
i‘ﬂg“f"ﬂ’%ﬁ(pg fEAz? d 2% 9/:(1?'—‘?’“Fﬁ%"?“ﬁfﬁgé"iﬁ'%ﬁf—%;rév\%éijﬁ]
ﬁi lﬂﬁﬁv;}*ﬁgm%xt o gL mnﬁd_y =4 ¥ Lfﬁ— B IP R F) % BTl ek @ £
HALG BV 0331 & R AR X B a5l o BB - Eim R AT g 1
#- Mapper #t R IRz A A RSB BRI RLFY ggw\xﬁﬁvﬁ
KE N P2 3tk o

=~ ElaE = Sl

%?*&%ﬁﬁ?ﬁﬁﬁ%%’ﬁpiﬁﬁéﬁ*ﬁﬁ??éﬁﬁgﬁﬁﬂ’”ﬁ
BIEAEY 2B TER G oRF AL FUAFRTEREIEL AR PR R P
wﬁ PAKRAHEERAN CRBEER W - A 2 AR L TIRE
SR RIS P AR LV ERME RE S REIE S EHEKE 4 kR o
w¥ pt (Xing&Du,2019) # - ¥ R i B S iR { 5 £ & 5 FHCD
ﬁ/mﬂ%*%”ﬂﬁﬁﬂw&%wmA@Wb,&ﬁA%&ﬁu%wé—wmﬁéL

s 2

oo g o EELTT I A (Bowersetal,,2013) S IR E L STy P 0 AT Y R
P fion g a2 it HAp AR e RIRahAa AT AR AL o Do i S8 R A gkt IF%‘:-
ARAEEME I AERER kDR RS Ko

P BYELERERI AN REL ARTRI OB R EF I
MERTOSR I RS EF L G o TORF o O S FHT R TR
2525 H- &A% K - (Sedrakyan et al., 2020 ) i o SHWEY REF
TERRES Gt L B Y FAAFIRE R LR R FERE MR & F o

S BERTREAFERBEFR 2

Topological DataAnaIysis (TDA) Edp i Fpeks 47 TRk > 23 > 5 o
THARD A, o R AR ME RS BB T MR T 28 % (Carlsson, 2009) 5 A4F
FEFAA 47 Mapper ( Singh et al., 2007) =5 TDA P 29 % M1 B2 - » 3
Fgw ARG A2 @i L DAl Z R B R RN DAk #”*‘
PEr L mEI AL ’F?'!“i—ki’ﬁﬁi'!“imﬁ =7k o @ Mapper &2 @ 5L 5 5] 4 455 2
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PldrE 254 R R BES S ERRR R G A BT F LA RS
PR WS v E THEA FA e ERER S & T B A SR T R
O, E KA B A SRR AL AR SRR 5 L
PR Y AT SO RA LR O RBES 2 L F IR bl 75
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@ﬁﬁﬂgﬁﬁiﬁrﬁﬂﬁﬁﬂﬁ%ﬂ » @ Mapper PI#ER THHE L L
7 ‘*ﬁ”?ﬂ*l“i’@*f" BH cHRIEYELA T B2 EYEALLT - LERE - B
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RAPMA LS En T L A RRFET TR TR I RFLIFYREY T
EaN #ﬁﬁ—&’—é'}’?’\% B s FFLR HF %5 G ATERIHA L R F A2 thend A
FEo A UIRT R FL R FTHERELS 2R o

PO REER LA T I R R AL TR O3 BREFRM 2 L 447 D
i & P o (Madukpeetal.,2025) ¥ Mapper i {7 B4R 3% ch i Sl w g > 4p 3% 32 @
EEFAI S BV EREAFEZABRIIG RAMAL - 0 FF4ARRE Y - Mapper 4%
B R E R TS BT Feipaa it BN DirE pR el P
Tr i RApingM iR BF LB EL R OSRIELY a3 4@.,Hg?:
Mapper SIS (LW R s I e R SR AR R v U I e
fo e ¥ LA T 42 ( Goldfarb,Kwon & Snider, 2016 ); & % i 17 3 473 Mapper
L’as@#ﬁ%ﬁﬂ” BHOMFEREVHIP B LIFER SR Rp LA FEEE N
AE B fEE  ®E VIFERE Y A a1 (Jurek Loughrey etal. , 2024 ) -
@ #4 7 Mapper % & % inAz i i+ (Singhetal., 2007) :

() TR FEFHEEAFERE - RAILT Ao
(C)Faptolic: #3 a7 X PRIMNA4EZF R » 29 X 2 ReFRz
Fof 5k Sl
f:X->R €))
(C) 2Bz P 2 E QT ARATFE - 2 PEFAFHRU-
U =1{U, Uy, ..., U} (2)

N

RERw IR TRIR HIHEDRIS EE 5B fTUIRL- F s
ok S B T ARAT D AR
fFfU) ={xeX|f(x) €U} (3)
(2) BHpFHRHE B LT R E fUY RELFFREF 0T RA RIS R
# - Cj 4 BI"K R F 534 L - (Singhetal, 2007 ) -

WU = {Ci, Gz, .} (4)
(F)224pEB -5 -8 C; RE- BaZ> FELA &85 2 AR -
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E={(CjCa)lCjnCyu=0} (5)
He ERZAFenl & BM2 3hip ST G &8 F £ il 5 (Nerve) 47
&Ry
Mapper(X, f,U) = Nerve({Cij}) (6)
- FEiRwaxi
EEEEE
SR EERERE
BERTE

....... l

EEEEEY —— EBRUS —— EERSE

HEREEES R

Mapper Z#friEs8

B 1 EH AR R = B
3 =l ;fzﬂga H S BN TR RAG - HEP o

-~ FRREFIHE

*~ < ¢ * UCI Machine Learning Repository =53 OULAD (Open University Learning
Analytics Dataset) > B %7 * B T & - 2 E 25 Y 75 /Hfrf»;'i"v PERAE SRR
EFROBEAF 7 PER R 22 BREDE c FREBEFZFHALEL AT R (1
W Ed ) ik (LA TE ) T éf B 5 & (5 P E}é&*m@:) g S AL

(4rdhdE ~ = F ~Pl%) ¥+ 3 L 8icdy - 2 OULAD T & > & - dfet T agAe i 5+

Bas w5 F"Y 0 27 EH CCC-2014) #Arit i 7 ¥ % » CCC it STEM
(F-58 ~ $~ 142~ 35 ) ’?Ff“méﬁtﬁi & \‘:xé%%i“ WE Y ABLE ) Bk AR T
FenB 2§ - Rl 0 P TR RS SEELED LT AT B
BER ] ,l‘zﬁbgéf#ﬁi H4 T x ,pﬁafk‘g:ﬂh HiTame o WEREA 4FY
PEGTVEARY 2 PR B Y B 50 WL W 2§30 9E R SRR
FRAES AT T ATFALRE S KSR REFLHE LA

S AREEARRC Re R LA

AT HE A FLEBR L SR ERES ) (& SRk P FRF R e
Bl) * o E R Ee BRAYREEREL S DREFL PR (B THE)
BREEE (9EF) T8V RUARZ IEL s FAFET T (week), F5 pF
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BEREAE R RMEORN A S Z APt X §OH N E R ROFEH SR S R
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FESH S RIRETAREAA
(C) S RRBFRV EER LR CIRT RIS ZIBLAIFLE RGTIREL
BFRAFTHEFRELEEPIRL TR L dd #0031
M i (& P
L TR J( SAE )AL BHERG T R SRARARS DR -
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£ % B OTiRf 0 T £ LR AL Mapper A47Y AR HRE -
“ﬁ

w

(

It
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R i'J*FLB RIS FIFERA FPRRERIEFLIIT AL bwﬂ;é»m‘sﬁi&gﬂ o

- 41t Mapper # € 354 F AR ERAIT B LR 2T FehdE 0 A iR
THAREY Xz B FreEAN G 72— %12 DBSCAN &
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BT EAERY o

B ERRERE
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%

)
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*“%ﬁ"*ﬂ”ﬁ HAREL TR RATRRG BT RAR G - R ¢ R
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PR EE FLEREATIEAIR AT ER - RS AR R EHELE S b
R FE R S ARLG A WA A ﬁ’¢é$ﬁﬁ&ﬁ$ﬂﬁ§ﬂ
LT F AT L R Bl A ST 2 ﬁ—xgﬁiﬁmﬁﬂé% £ 5
BB AR B RS R R AT T AR Mapper # 5 #8 f#zfz;,g\; s
Gl pE o E - B E S BN RGR W R 2l S i

N

~F 7 # % KeplerMapper ¥ i Mapper ;7 &2 1 £ » 5 B r« Python 3038 & > 3%
g% BB Y B ke Mapper w2 R it p# A 2T 58 HTML &%~ 4 & (van
Veenetal,2019) > B® & 8Lpad ikypaBp 4 2 i9E W HEFFS o B ARE N £
T AREY TERGARF o AT FAUB2 WA FETL SHEAR R TL R
BA72 BT oRBITADEFRT Mapper HEHRATER 44 “*fﬁﬁi;ﬂu A BB
BB AL AT ENEITAT S BRAP AT IONF X G hp B gl A 4
BRI g o RA o d AP R TTREIFFEPARF I IR ARG LT Tl
BRI T A RAReD AR S

CCC—2014J Mapper (A_baseline) CCC-2014J Mapper (B_declutter)
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Abstract

This study investigates the structural characteristics of student learning behaviors in online
learning environments within the field of learning analytics, moving beyond outcome-oriented
dropout prediction. Mapper-based topological data analysis is used to describe branching and
continuity in high-dimensional activity traces. Using the Open University Learning Analytics
Dataset (CCC-20141J), each learner is encoded as a “week X activity type” interaction vector.
UMAP serves as the lens; a multi-scale cover with local clustering yields a behavioral graph,
and role stability is examined across cover resolutions. The map indicates pronounced
heterogeneity and four recurrent roles: early disengagement, assessment-driven but short-lived
participation, sustained engagement, and isolated activity. Dropout follows multiple transitions,
with intermediate nodes marking behavioral shifts over time. This structural view complements
conventional models and supports the development of structure-aware features for explainable
learning analytics.

Keywords: Topological Data Analysis, Mapper Algorithm, Online Learning Behaviors,
Learning Analytics, Student Retention and Dropout
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