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Leading Indicators of Online Learning Performance

Chia-Chi Shen

Abstract

This study aims to explore the key indicators influencing online learning outcomes by
comprehensively analyzing the relationship between common learning activities, behaviors,
and the well-known Spacing Effect, as discussed in previous research. To further investigate
these relationships, the study categorizes learning behaviors into "Navigation," "Input," and
"Output" behaviors, examining the frequency, distribution, and spacing intervals of these
behaviors and their impact on academic performance.

The findings reveal that students' early performance, particularly in the initial and middle
stages of the course, strongly predicts their final grades, with its predictive power comparable
to that of late-stage performance. This underscores the importance of early intervention in
online learning environments. Specifically, early performance serves as an effective early
warning indicator, enabling the identification of at-risk students for timely support.
Moreover, the study shows that the spacing of learning behaviors significantly predicts
academic performance. Lower task completion rates may correlate with better performance,
while longer intervals between Output behaviors and greater fluctuations in Input behaviors
positively affect learning results. High-performing students may exhibit more strategic
learning behaviors, such as maintaining appropriate learning intervals, selectively submitting
tasks, and investing focused effort. On the other hand, excessively long intervals between
Navigation behaviors negatively predict performance, suggesting that such behaviors, more

related to learning strategy planning than actual learning, are important for academic success.
v
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Overall, this study emphasizes the need for early warning systems and attention to learning
strategies in online learning environments, suggesting that future research should focus on
exploring learning strategies in distance education and improving the monitoring and analysis
of learning behaviors.

Keywords: Online learning, learning outcomes, learning behavior, Spacing Effect, early

intervention, learning strategies
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FHRAFAHN IR EARE S 2 FE L RN 4 > AT Exam = § p @ F ke
AN R o AERETFETRERTELF e Tk | ~ TP o
BIZLE | o Ra AR AITERY FR P L ERAFIEN AT RI R AP
HMEBRARE FIAFRT RS TERTFEAERL S B RAEFT - A0 IR T 1Y
MR B A MBS T 2 Y T AR FRBaS oD E AR ER T B

AR N LR S E S S kM TR -

3o i RART

FRAHEFLIEY FLEAMLEBEFRN Y 0 27 & OULAD R4-F# &
%&@J’@—ﬁ&?i@ﬁiﬁﬁi%ﬁ°E§%ﬁ%%§iﬁ?ﬁﬁﬁ?@ﬁ§

¥ %3 (Virtual Learning Environment, VLE ) ¥ enZh B (7 S8 735 2 a8 > g &K &

12

doi:10.6342/NTU202504281



BBV RrARY P 5 6 hE B SRR (LR e
== UL

d 24P 322 (module) ¥ 3t % = B #p (presentation) B3k o 5 3 ik 2|4

e

ST A o 4 K e £ L8 - ff = module_presentation > ¥ 5 Ff & IR
v~ % g5 (G4e "FFF 2013B") » * S 4 i g B AT E & .
S~ auAERTEEAAM TS B

L FRY PEFETN FEEL A RERFEROEY IR AT RS
~ PR BRPFE o RERSGRT IO 2 TR TRy BT sy 2 BEER

BN E-PBEIFEIE R AT 2REI T - HFETE D

¥

Sk
&

FRBLF o AFETARM DT R e Z T L

(- ) early score/mid score/late score @ 4 W3+ & 4 ficgr B Hp ~ ¢ Hp 21 (S Hp e
ZAZEFE AT HELS S FREL AT REY IR RARS -

(= ) completion_ratio : T & # F 4 F B 2 TEEWE AT B2 TEHEK
ZW B A= AR 0R 1 Bl o P IR IFERAR o

(Z)late ratio: 254 BRAFEFFHEIIE L pant bl 2- 42003 1 2 Fep
BF P UBEZFAFY FLP 2 BIMe o

R BEFLpM L BT

OULAD ieéring 2 g i3 5 thup S HE g8 > o7 BB (7 5 kypah ¥ p &

Whws 5 53 o Pdomif o d WAFFUFAH AT I FY L0l RFR 4
o G UE R AR T T & F erELIF P AT E 2 1348 - B AR

RAEY F PR W S F PRz B a Mol L84 8y iffed

FAPIT T 4 o FEAR T T Lt ] 75 (Y5 RRT 3 g EF

SHICI AT - 2 S e R e 5 S RN T RSBV
SRR H ARE AR OB A AR EE > UEES L LR AMT L R
oo SRR R T AR RS TR QS BTN F R AR {

PR kA RELF PR KD

13

doi:10.6342/NTU202504281



BT OULAD T & 52 A#H 7 » A B[00 (75 283 —Ye 3 4
(2022) 2§ E-learning Behavior Classification model (EBC model) - 12 % Qiu %
A (2022) #t# 2149 Process-Behavior Classification model (PBC model) ° 5+ —}'f O
95 Sun (2015) #“THER s+ B Y A2 2 % > B BV Ead s, ie B8

B IHEBEI T e E SR

(- ) 8% %% 75 (Learning preparation behavior, LPB) : % » T 5 ~ B fxzkfe

(=) @& 7 & (Knowledge acquisition behavior, KAB) : i# ff %41 ~ 5 82 % -

=,
RN
ETINS

% (Interactive learning behavior, ILB) @ %8 %3 ~4#%H &P % -

g
() &% #H7 % (Learning consolidation behavior, LCB) : # & i & ~ 3 = |
#%

oo A NI AR T S T B % 5 A (Hillman %, 1994; Moore,
1989) > & EnAE Y FREY 2 PIFEFRILTER 0 L { PRy SEAHE
Rimid g o Qiu ¥4 (2022) &- HEF > NP EERARBEL L HER TN

et A S RIERE S 2R AL S Ye B 4 (2022) PRI L LA HE B

=

SR AR LR TR R S E = s N O

AET A PRI HiF AR (- HBEFE o R
‘g:ﬂ e [LB & LCB & #f fﬂ‘ﬂ"ﬁi 128 by A F:x.x%« 1T BT ;ﬁ""@ & r—'.fr'%""‘;é_
F SR o

My FAEA O RERSEY F LTV EARY L LR

™
g

g
F_L
o
R
%
&

fed eI d s G BEREFER o b D KAB FRT TR TAaER ) 75
REFY H eF VA EF R G 2 R i AR
AL BES APRR G NFEAFEFT I AT ARE  RF I AT

MELENER RREs: dagh S & 2

u
*
ﬂ
N
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(=) 7

TR 7 % (Navigation )

PEELE RV EAES (LPB) bldcE
ME LS BEHART R R o d WREFLALFRE Y FHGRTROET
e % 0 ARG B Y PRRIE > BRROTREY F5 G R
(=) 4P~ 7 3 (Input) : #7175 > KAB #
P TR E
(=)

J’T‘_EJ'J
BE K E;J_:é_’ﬂgi _:‘th'—ﬁ,rra ‘Z),Pl{@ﬁ_r_o

Yol O FH B
2
* 75 (Output): & ILB & LCB- i@ EFF ¥ ¥ &
AT B R TS B {'@;?gr’gf%gﬂfﬁfio
p= e 4 BT
fioegy g

o5 g3 B
N S S

YRR IEE
HRF R FEHFTEAHAA PR LEREr B 0 o JETH
a’}g( 5
(- ) mean_clicks :

LRI Y R A BN A o A g
FrETAE G RA
LAy oRE S BB 4 Y
B o d % OULAD % ekt B8 a0 7

REEF RNt AR

FAPEHTY § AT RS B

PEERGEEFD > IR BBy Bl B 5 00 LA i B TR ES

BeoEola T F1IS5pY $2-4p 573 108%F R

10+0=20> % x#s 5> FTHBEL 4-
(= ) click cv

LM EcE 0+10+0+
Q&? @:m%ﬂfﬁ’:@:’?rlﬁ1+§4"7}]ﬁ§”
R ER > REAEY BREARORE R -
X2 e T ioE

RS S S

PR SRR TR BT R

w4t 2w 38 mean clicks 4p e 2 48 F 3-8 3 50

(= ) mean_click interval : ZHE T
PG G B RIS O

DR e A -t g FEL R TR (X
Ho) Py T (FLH @ AR E mHé“F’“’:}‘ﬁﬁ- RIEARTE A 77 @ % AR S o £ 5 4p 48

o

¥

2%

ZF THENAREAKAGE
AR 2 AT P g AR
4 o T TS

Bl 3 Aafel kLR Y 4

2 +
£ |
F2 OULAD RsFdt s fhdt o

VER
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B A 195 assessment FAL A EFiETH ¥ P A Y E L (assessment_type =
Exam) 78 24 %4> (F5 A7 2 1A BRI PERRHE o« SRELEEBE 4959 53 2%
ko 3EZ LR DB Y A HHT > - HRD AT RBIFEUF AL F R
AR THMeae ) ~ T ne T e Z8F . 337 PITFENPARLE 2
# A jxp;g#%a LA TETFEABHEAS 2 B ¥HE 8L 3375 £ o

i RABHIRH G kR

‘&\
g]
&
0

hab 2 ARBCAT > R AHRGRT R HE 2RI
1) ﬁ)—*k’ﬁ Ref 0 LR RpdeT o
MR S ki
igmdesfr%ﬁ@ﬂ%%%ﬁ%f*%ﬁﬁﬁgﬁﬁ*”‘E%i'ié(ié O
REA S T TR A B o b weight BB A TR L 0 2 d A
Y AT R4 (Exam) = o 323220 £ oy
ERILPLS YR
S #AEES S ﬁ'f
date_unregistration (i P # ) 242 % W GAZE L B0 B TR (T F OTHEA 0 &
™ ;"J“ﬁ% °
2 TR Es%

date (3>E# 1t p ) & date submitted (ITHH I p ) BEEPFRF T > (22 BT

x\’1

-—»ﬁ-

£k oE L 100% 0 7 B TR

2 %5 late ratio F PRER {75 o FMEFL KM LAFEHARL o 4 g o
® s RREE N B

num_of prev_attempts # 7 § 24 54 B ¥ ks RAFFLEL 01 FR|E
AR - SPE ST S L S I PN E S A
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8% TRAR

b ERTERS > E- HRAFATRZ REM - d AT R R ED
5 FRERACIE o FSHTRY 0h At B2 R
2,819 & FH4 > (hw i A2 832% iFL AFY A4

ERE AT AT -

N IS L WA

RFECFERREE 2RV S Fl R e E MY > AP 4% OULAD F g
FIRRER BRI EEL TR EIRREA DRI AR A lHE (F A1
A o iE- HAF R E S AR Y A L4k (leading indicators) o ¥ EH Y 75 ¥ il
PR AP EEREN G AFTHEY AL I FEDS TS 2 DR o BT

( mixed-effects model ) £2 #g4¢ 5 % B 4i-3)] (artificial neural network model ) - 5 f&
HEBART RS RIEY  VDHEHF VAR RER {26 2 Fr LR
tiaS fAERC YRS TEERART K &5 AR ﬁ% 3] Base
Model £ Full Model - Base Model @5 » B 4 el & 4 v 23858 > : gender ~
region ~ highest education ~ age band ™ % & & {3 2 ALPF T X 15
module_presentation > ¢ i F RRE A » @V E R FRF TR FLALAFRAE -

Full Model B # Base Model fA#_ b ig— H4c » jiFd I HE Y (7 5 %38 0 H|dogL ¥
&

7e~TE= CREERMARE MR ERRS A AV AT 3 RO
A% o

% Base £ Full d s AH A A 32T 20 i 2 WV 8 Y iM%
THHITR A PFRARR - AT FERE L AP F R FIFLMMEE T F
oo HRPBERBEFEERE RARDLT FLBELPEARE BESHBUEY R

RSN RN 3-S5 W

17

doi:10.6342/NTU202504281



F ~ R &3 BB (Mixed effect model )

R & 2013 (Mixed-Effects Model » * fiFd & S 44 $503] hierarchical linear model
& multilevel model ) &_— f& vt e % ik L5 A 7 2R e SR
P ORE M BRI RIAEFY S xW RN R T RILE G A R
(hierarchical structure ) ¢ & 4F B £ (repeated measures) 3 #4473 o & HA] e PF
S~ Beoscly (fixed effects) 22520l (random effects ) - it 43 idf 3 SERE %58 B
Fenlppr > ERFFFMET PR T B L BRI T o R DRFER -

Y €3 OULAD ¢ z 672 R EHP B Y 2 FHRANF L T AFTE* R L
BAl T AR A3 2 > B R R R TR G 0 N BRI ET LR ®

|
1

SWLRARTE 5L RPN R E e > 2w i’—?—“r;a BRFARAET
min-max fR# > RHABEFFEF 0 2 1 2 F o il 7R/ Sl LT
W R R S A SRR E TR L R L e
= ~ RO

EAFTY 0 BRI R EF L AR T BPRE L Y 75 ®
B PR E T RS AR 3 FERFT ORI E SRR
(module) 22 B ZPF £ (presentation) > #* 5 OULAD F#l® Prgs e 2 g % o
BT AL R AL B E R 6 e ket T IR - R

F#E > RAIHEmDELHE LS o

Firr o AT R* RFZ? i lmed 2 EEFHABRESE > T é glmer() &
Hofpid -~ QRS fFehiR £ 0B HCA] (Generalized Linear Mixed Model, GLMM) >

MBS BT LEAEL R o

bz
4
F=1)
)
34
W
S
&
—
¥t
3_1
3‘
$
ﬁ
G
Hd
3B
T..
‘fxf
x_
By
¢
(ﬂ}
£
—=\
\
&
=
=
4%
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o~ i e g3 (Artificial Neural Network Model )

BORETRBAE F AR R LS SRR T iR T AN R R
HARJLg MM s v g2bmp 7 LN g B e g - a4
i (Artificial neural network ) #-3] » 2y i{%’”ﬁ?’ H

i
BRGZAPERG S B BRT L PR FEAEFE S 7L TR i e

BRI R
AFEL R L ERNCI S B4 H20 T 50§ L A SRB R

(feedforward neural network ) - & 1/ Keras & #2245 = & 244 S ept (Fully

Connected Neural Network ) ° -7 F e ‘ R R RIS R AR B TR
BECERE 0 27 S50 BA KA EE drﬁdﬂ:}%? ReLU (Rectified Linear Unit) ; &

b~ LI E R (A=le-5) > MEFLEHH S T HEFHER ﬁl?i".éi = H-AE
oo g * sigmoid S BB FZ A ARE (B4R vs M) A4 A Sl
binary cross-entropy °» B & i > j# & Adam - ¥ 3 H Brr ¥ (Accuracy ) ¥ ;5 i 4h
o

EHCAI R 0§ AT AL R FIE score (HW 1B A EEMRA L) HArg TR
w

AHL e E T R THEE B NN o B s BEIEERAY R T2
EEDELRE A

(- ) Bcie %98 55 min-max {R8 1 &J2 > # 8% & 0-1 hfeFIp o

(= ) #F %% 78 1 One-Hot g & (7 3% o

(=) ”'“F”ﬁ @"’/5@?—’55}?—*’5’ A - & 4458 sklearn 7 Pipeline * » fEiF < R %
BRI RIE TR - R
= s
FERHA 2 A s a4 > AFETHEY 5374 K 21 %#H (5-Fold
Stratified Cross Validation) - & - 372" £37H (7 T » AL 2 A & 25 > T

PFE RS (Accuracy )  BEITEMITR c RS RAKET PRI T ioE RS
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MR Al A B R AT - REE LR o
T HABRERFA LR LT
WA SRR ATAIRE AR s S bR A4 R E PR ARG TR
fy M ERESEE SR RSFERA LT DM o SRAFARY TRT
BT B REF Y Ay R 28 A 1A E (Explainable Artificial
Intelligence, XAI) = j# » 3] FpRIE (7w en{s K A 47 > 17 3 & 38 %38 $-305F
Rl % R o AR
B e XAl 32 & 35 ¢
(= ) Feature permutation importance : % B85 #8475 %78 K BLEZWA B i %
WL EL > Lk EEL f S B o
( = ) Partial Dependence Plot (PDP) : g %l % 38 22 3 ip| (&
W AR AR L
(= ) LIME (Local Interpretable Model-Agnostic Explanations ) : i% i ¥ % |4 3% 6>

o3
3
2]
[
1\
e
R
)
=
“

AT REPEFANCFEE > AR EHIVER Ry LaZHF 2B ¥R §F
e

(= ) SHAP (SHapley Additive exPlanations ) : - SR ROEL ( game theory ) ¥
Shapley value #£4 ° 5 B w5 R B ? B4 B a3 f3 8 2 /2 - SHAP = 24 4=
TFHRNEREE RS f@;%zﬁéfﬁfméﬁi&lﬂzﬁgkfgﬁvg W F o BT RIE

e )\‘J}“‘{_“WJ L’fr]hl"}:} Gz L‘ , 1\4

N
A&k
sy

G T SR T TSR BB L

> w82 < ] e SHAP fioﬂﬁ%lt",ﬂj;“%— BRE > FPR R - RI AR TR A IR

BRB SN PRt (RAAERIFRABEF) o

AEFEREET SHAP v 7R A 21 . 201 SHAP i 2 b f
mﬁ%$$¢$%§v$ﬂP%&ﬁﬁmﬁ—% FHTER S SR AT gy
B> EBEMEBRAOL BT SR Ht | E R s T SRR (3

DRTHEYSREF L PP R T L Aok TN S AL
TR R E A AR TR E S A F Y AR ) BT RAL e v
SHAP 7 @i # +0 8 — ki S FERIEH » ¢ B £ D 2R A ehT 30800
F BRI T B RS o

W T > AFTF T DeepExplainer £ #4373 % & 2. Keras 4] (7

94
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B8 P L EH SR LSRG AR EREASAEL PR

L IRINVE: $15 55 % PR & X1 £3 ¥ a0
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b
I
4y
k|
oy
ik
K

£

AEELLZZE R -FLTHAF > Yo GHEER YR ERILEF DA
%% o p Pyt i Base Model ¥ Full Model eh2 % Bk o % = & 5 &4 SR
A 45 % % > T #-Base Model 2 Full Model 4 % & £ & R348 = A % &

Z ¢ % SHAP = ;2 {7 afic 3|28 -

Fo &% FRELE

P - HEBEFTREDE I AP TEHVRERY AL A0 FF &
FYFRRAEFELT 47 T FEBP THES A0 FF A2 0 F 7

(- ) FAefi e 8% (module presentation) : A kp ? Bifefrez £ @
AR BP0 CCC 20148 5 % 5 -

(=) # % (region) : &4 kp EEL¥ » A FApsofge & 3 6152 South
Region ~ East Midlands Region % > % .3 5 F 214 o

(=) %75 # F (highest education) : ™ E & A Level or Equivalent % lj{t'*ﬂz 2
5 (A 1,400 ) > ALevel 5 FRF ¢ £isa & (Year 12 v 13) ehvgpefe
EFrFA A g 8 FTHRAEP - 25 HE Qualification » 4§ »t + 5§ 1}
o -

(= ) IMD 4pi% (imd band) @ &R 7 £ itk > » #3567 K LiRf kK
R B THEARD 3 PAASE =FF o

(1) 1% (gender) ¢ F4 (M) v 5304 (F) » 5 FHls &
B w2 AT o R AR EFRALL L A BEA T L BLRE -

(=) ## %% (age band) ™ 0-35 # 24 541 BFHAAFTEEFRLILS

* iﬂfg,r/\ % 2 ,%5 l.t fg.'z
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(=) 8% &4 (studied_
IYRE®RRF (50~100) -

W 1
FRERETA T AL H

credits) PERERL AT f‘,gtéfi@ 3 5}‘&\&‘; A5 1

700 4 350 4 1400
600 1 300 4 I 1200 A
500 1 250 4 1000 A
€ € | € 800
3 400 5 200 5
(] (] )
300 1 150 4 600 1
200 1 100 4 400 -
100 50 |—| —‘ 200
0 . . T T T . o ML L 0 . T T — ]
N B B AN D = B S S S S . JE S R R R S & L& > & <
e B 0 .0 Q010 V000 W70 0 o )
& e 'P{b = & & &Q\Q-‘b \@iﬁeﬁ@“&@%@a@%&&%@@ & a"‘sé V»"é \&{0 &
A 97 i D N - S N A N & @ &
&7 & ooo' & 000' & Qt-}\';-\b(@ 0‘\50\; o(",,x"‘@ v@::’&“‘\g% t}éie‘\{‘ d\qP‘ & ‘\‘@“ Qn‘@ &
i > & <8 o : LN & A o @
module_presentation %;»:,h\“‘ &,\C‘" of &P\»‘ A N & X & - b\;a"
N
‘ok;b & g - ~ 0&
. X
region &
highest_education
350 4 T 2000
- 1750
300 4 — ]
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250 1 1500
1250 A
5 297 5 1000 1 S 1000 |
S 8 8
150 A 750 4
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50 250
o H— o T T 0 T T L :
oo O o oo o e o o o o « & © o) #
G\’o '\9:1' DD P S A P P '@0 ender & ,,;i" 4)1.
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imd_band
0.012
0.030
0.010
0.025
0.008 |
0.020
2 =
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¥ & R & i

AETG R RS § AR A v 3T 21 3qE (846 ¢ Base Model 0 TE X ERIE 4 3
MY e A B - A BV FEELARE A I 4352 Full Model >
UV R e R R B HRCAIE R B E R R R o

AR 3R 4 L% > Base Model <3 % 2] € % #ic (Marginal R?) £ i% 2 2] €% dic

(Conditional R?) 4 %] % 0.091 £ 0.173 > &g+ H 2 A A% F R0 2 7R RIF > #7)
o fAfR e £ 3 "o Apf2 T > Full Model 7 Marginal R? ¥ Conditional R* %2 ¥ #%
23 0.713/0.796 > 3P F e~ (T 5B AR 0 BRI EHERA < FH R 0 Y

EE TR R s PR

% Base Model * > > #cRMERFRE o Ok % 5 West Midlands 4 > # =
7 A F L (log-odds=-0.76,p<.001) ; ¥ 7¥ # R % Lower Than A Level #p >+
A% (ALevel) » # £ 78 ¥F# i (log-odds=-0.71,p<.001) > @ %3 Post
Graduate Qualification % % J.#F (log-odds=138,p=.001) ; &&= 3>%3 55 &
2847 kFEkHe 42 (log-odds=098,p=.010) ; FHE4 (M) fpR4 {1
w3 g A (log-odds=0.17,p=.047) > JEsc% 72 % » P 2330 - 0378 %
PERZEIFIRERSE L L

% Full Model ¢ - "$ T I P iR ¥ o B (West Midlands ) &2 &Y
% % (Lower Than A Level ) b » { % {7 5 &2 A IGIE R IR 4 o

B BE AR AR fTH F8 P early score ~ mid_score £ late_score 323
BT e IpRFSF o H P P B mid score g%k ki B F (log-odds=7.48,p
<.001) -~ early score » # =t (log-odds=5.23,p<.001) - late score B {5 (log-odds=
4.54,p<.001) - completion ratio P & ¥ f = g% 7 (log-odds=-0.81,p
=.053) » B - P F > RFH AN B AL ATTERT G R ERE S F

- H¥E3T o ¥ ¢ lateratio B2 & A7 ¥ > e log-odds 5 f B & - SKIEH o

2L# (7 5 7 > input mean clicks % & ¥ § = 78 F]+ (log-odds =-3.96, p
=.007) > @ inputclickcv ©2 % outputclick cv B 5 & v %]+ » o1 B LA R A B
BEALG ENEY Ak BU AFIRARM OB T LR Y B Tk o

Bk R SRS SRR A TR F AT 1Y o Full Model e Ap B thdic (ICC) i
0092 % 029 NA AR EHEF AR PHWLIR AL T RBE L P& -
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B g% (t0) 4 8 032 #21 1.355 3P 03] {50 ek & &koen

B

%

[y

N
-

1

EP BT A 1T B %

Base Model Full Model
) Log- Log-
Predictors Cl p Cl p
Odds Odds
(Intercept) -0.33  -1.04-039 0368 -12.56 -14.60 — - <.001
10.53

region East 0.02 -0.36-0.40 0.915 0.17 -0.43 -0.77 .584
Midlands
Region
Ireland -0.30 -093-033 0353 -0.17 -1.16-0.82 738
London 036 0.02-0.70 0.040 0.44 -0.11-1.00 118
Region
North -039 -090-0.11 0.129 -0.07 -0.87-0.72 .855
Region
North -033 -0.71-0.04 0.080 -0.55 -1.15-0.04 .066
Western
Region
Scotland -0.04 -036-0.29 0.818 0.10 -0.41 - 0.62 .694
South East -0.21 -0.60-0.17 0.272 -0.61 -1.21--0.01 .045
Region
South -0.13  -047-0.21 0456 -022 -0.76-0.31 412
Region
South 0.00 -035-0.35 098  0.07 -0.49 - 0.63 799
West
Region
Wales -0.14  -0.54-0.27 0518 -045 -1.11-0.20 176
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21 (%)

R RIS 1

Base Model Full Model
) Log- Log-
Predictors Ccl p Cl p
Odds Odds

West -0.76 -1.14-- <0.001 -1.25 -1.84--0.66 <.001
Midlands 0.37
Region
Yorkshire -0.11 -0.52-0.30 0.586 -0.38 -1.00-0.24 232
Region

highest HE 038 0.17-0.60 <0.001 0.08 -0.26 — 0.42 .643

education Qualificati
on
Lower -0.71 -091—-- <0.001 -0.62 -093--0.31 <.001
Than A 0.51
Level
No -0.12  -138-1.14 0.854 0.56 -1.96 - 3.09 .662
Formal
quals
Post 1.38  0.54-2.22 0.001 0.69 -0.64 —2.02 310
Graduate
Qualificati
on

age band 35-55 0.09 -0.09-0.27 0.333 -030 -0.59-0.00 .050
55<= 098 0.24-1.72 0.010 0.20 -1.04 - 1.43 753

imd band 10-20% -0.02  -0.44-0.41 0941 0.09 -0.59-0.77 791
20-30% 0.41 0.01-0.80 0.046 0.33 -0.30-0.95 305
30-40% 0.01 -0.38-0.40 0.951 0.04 -0.59 - 0.67 908
40-50% 0.08 -032-0.48 0.690 0.03 -0.61 —0.67 928
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21 (8)

R RIS 1

Base Model Full Model
) Log- Log-
Predictors Ccl p Cl p
Odds Odds
50-60% 0.17 -0.23-0.57 0.408 0.12 -0.53-0.77 11
60-70% 0.19 -0.21-0.59 0.348 0.20 -0.44 - 0.83 544
70-80% 0.37 -0.02-0.76 0.065 0.08 -0.54 -0.71 792
80-90% 0.36 -0.03-0.75 0.071 0.00 -0.62 — 0.62 .993
90-100% 047 0.08—-0.87 0.019 0.29 -0.33-0.92 356
gender M 0.17 0.00-0.34 0.047 042 0.15-0.69 .002
date registration 0.08 -048-0.65 0.769 0.31 -0.58 - 1.20 494
navigation mean 3.28 -0.64 - 7.20 101
clicks
mean click -2.14  -7.06-2.78 394
interval
click cv -2.53 -6.43-1.38 205
input mean 396 -6.83—--1.09 .007
clicks
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click cv 2.55 0.69 —4.41 007
output mean 2.18 -0.26 —4.61 .080
clicks
mean click -1.68  -7.03 -3.67 .539
interval
click cv 2.13 0.01 —4.25 .049
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21 (8)

BETRHA A AT %

Base Model Full Model
Log- Log-
Predictors & Ccl & Cl p
Odds Odds
early score 5.23 395-6.50 <001
mid score 7.48 6.17 - 8.79 <.001
late score 4.54 3.66 -5.42 <.001
late ratio -0.55 -1.47-0.36 235
completion ratio -0.81 -1.55--0.06 .035
Random Effects
o’ 3.29 3.29
T00 0.32 module_presentation 1.35 module_presentation
ICC 0.09 0.29
N 6 module presentation 6 module presentation
Observations 2819 2819
Marginal R? / 0.091/0.173 0.713/0.796
Conditional R?
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ﬁ\' ~ Base Model
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A IES e full model v~ IR T LRI F R A

® 2
Base Model SHAP & 4 47.5% % B

High
highest_education_Lower Than A Level —

module_presentation DDD 2013B Semmm—

"""""

highest_education_HE Qualification ‘

gender M
region_London Region —
module_presentation DDD _2014B —
module_presentation CCC 2014B
region_West Midlands Region Se—
gender F
module_presentation_ DDD_2014]

module_presentation_DDD_2013]

Feature value

region_North Western Region s
imd_band_30-40%
imd_band_40-50%

imd_band_0-10% —
age band 35-55
highest_education_A Level or Equivalent
imd_band_90-100%
module_presentation_ CCC 2014)

age_band 0-35

T T T Low
-0.2 0.0 0.2
SHAP value (impact on model output)
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module_presentation_DDD_2014]
input_click_cv
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SHAP value (impact on model output)

33

High

Low

Feature value

doi:10.6342/NTU202504281



input_mean_clicks (ﬁe?]% A FhnT o8 F = fic) TR E » SHAP &4 %
D ORI EARF ok MR TRRIR A E‘m?cfjfﬁm%\'”’\ PR RO R P E&«‘?%}"i’]
TRT e A sy LenE Y (75 o @ input_click cv (I3 # 2 ek d A2 R ) Bl E
REw TR MAEFE R I TRFEFENSIRE GRS LG A
BAFERE AP o - AT R AAEFR 2 A M Eﬁ%%fﬁéﬁi&ﬁ&ﬁﬁi %

TP EEE S T EEREE R ORE o { B3R LR 2

BLE D GARR AR N FE R AV indg HEAF IR E (T 4 e

B 1 > output_click cv = output_mean_ click interval f & &t v F]F » P Frphid
PEAPRFOFREEFAVAIBNEY R A > X PR RABOEF LSS BED
B o

et R B T SRR 4

i

HF
EERGF RS REBPROIHEE T2 3 piplanE Y 75 ¢ BRI FiE
RO EY AR MR R AR EFEFEN - R

h

WRAFAERG A AT ITE R SRR AT AL T

B oo oI {T L A
T RAE R e
B4 4BV EmY ik A EE

191 % %> Base Model * £ 3 B B 484 o A v 38 (4
highest education_Lower Than A Level ~ region_ West Midlands Region ~ gender F % )
& FullModel ¥ » %4 ¥ %7 SHAP 6+ i 0 Fem BT - AL (545 » F phit

EERFRMEG - UFMLE - LA BY A EARTHE  HpRHDETR

48 m % > Full Model ¢ SHAP ~ 4781 @ fAlFpple U F F i 51 #Ee
RAREY AT PEME IR AR AN BE LR EN T S A B §
For A T ERP 3 el AT R R R

34

doi:10.6342/NTU202504281



AREAZZE B SR AF LR RARTERE TR B2 SRR IE
5 e

Y
%

2272 > B - FHEP AT AT NARFE v NEEHEEY

oy

\\Xr
e

$- 8 FIERATR

o HEF o D BIEERE Y hS P TR

AFTRRHET  F2EREARY P PR FH RSPV ARG EELEEY H ot
BRDp g o 4 0 B B - RS- iR FRE LR =
Bo e @A P A5 EHAIY GERY BRI o AP ST ERET
ke TRk o BRI S PR DA F o A TR £ AR F R A
PR o

AT HSE TR N HEY ARFEE S EREL G RTBFS o A @
M HAY B h e o KKV R TEE A AN FEFEE TR L0 E
Brig o FPF A RAH AR IR FARI ARG FRFARIERT DR T > Bk
FERFATMGRE R TERREST L R BEE Y RE oot - KT EREF DA TS
> FIELe g 2 L EARZ PFRF R AR > S RARERL D KL T @ 52 g Y Ee
b A BENFRT RS > A AR AR e o Fla TRY I, R
PAEEE Y > EBL AT R E RIERE Y PRI OE B BT RER T A R
/% (Figueroa-Cafias & Sancho-Vinuesa, 2020; Z. Wang %, 2024; Azimi %, 2020) - & it **
SHREIFREY ARTEF KT F U7 2 3 bR 0 bk BT 4

A

35

doi:10.6342/NTU202504281



O~
[}
g
4
=i
R
N
=
IR
LS 1Y
.
AF
R
iy
Y
oy
i\
>
4
m*:

TR RS S Y SR s P L

FELA -
BRATR R RFHY ARV RET L SEBE TR oy FREFE LR

FERHI KRR FFEFARDOTAFL - Fa > R EFY T o AP TER L
BRI RO ierlt s W T EA AL e FE Y K anEE AR S S HFESBY

R IELLE T A o
FoBEFY Y AR FIHERE

FEY WA ERAe TR BT
B4 a2 757 0 —ﬁ%?ﬁ%°ﬁi’ﬁ%%$§ﬁ$jxﬁﬁﬁ%ﬁé?$
o B Y B % 7 £ R (Cooper ¥, 2006; Morris %, 2005; Wu % ,2024) o X @ &7
B BRFFAOREALANEY AR LR IAE I FhHIEd T M
LHRER P B AL > TR ¢ FAMAAIER o B2 AT B o B E ) BkPE )
PERGTERE TR &a PEFY S2x0 7§ nitEd Va4 g4 o
FE IR RARRE >V EME Y B4 ¥R E Y 2 g(Chin &, 2022; Guo %, 2024;
Nufiez %,2015) e 25 H T 3 A HEA VAL FZ M IEY T LF AP AP 0
R PR HE R ER R IR > AB SRS RE Y RS o i
TRFHEEY BPFEINT L VARG HIRE S MR Ll S o WP B F S
TRt R RS R M RL ORI AR A AR R g e
ERERNS R EARIFRFRIFNRELHLTERET > 2R R
FEFREFApEL B Rn MR Ed AR

TR (T L AR M AT R B 0 IR (T L S IOR M s f 9 TR T

FORPEBNFHIEICL T E G R 0 0 B L2 ] F R (Hadwin £,
2007; Misanchuk & Schwier, 1992) o 8 ¥ *»xcfe @ &8 4 7 - 2 § B (TR gk (v F
MK ARG ERMERTFY & E 0 BER T L2 B (7L DT T IR n
HEY A 0] 2ol 4P R Laphs i @r > NS ELHRERDELT
Fr ke odong o o o TRETH S 2 THOFRAEIPIRE-BT 0 - 3R
BFEA G R T AEL AFAN A R FTIRE 6 2 B B0

- BEBARTIRER 2 e RPE L B AP EF T S F Y 55 MRS A G

ETTRN

36

doi:10.6342/NTU202504281



W PEY R, hEE - bR FRATFLZZABEATERL v BE ) A8
TiA BRI TG g Y e R BRI R £ R P
SRS EE R SR T AR SR SRR
KB RO RE TR AR M A 275 AR EY Sk
2

Tl AT BRI R RAET ] K MR BT

‘sh“

PEMBOEL PR

W] 75 PEAR o

FoRIEYEIOLH

AR -FBATOREYFLA R RDFLRE REWRE TS
LoyanE gt A e TR EER | DG o PRI AR EYERRY o F2
Hp L8y AL (B EREEl > SRESY AL ERE Bl L8
By amE & FE - fHEOF LRI EATALRZ LA ;T EY 7507 F
LRE TR > FR A RFAUPEY 75 2TV ERY HF* BV R <2k o

B A TRE-HRBTEYFLAREOEEY - BEEEYFiwmA TF
R %, (Navigation) ~ Ta@ags-7 % (Input) fo MA@k * 75
(Output) - 2P i 7 5 DO IR EHE £ X 2B 85 977 F oo bldo > ok
B i TR R ke R L% iR e M & FRATE 3 OFIRBE DG
@—k@rﬁﬁ’?ﬁgﬂé%kﬁﬂ
Fafarckip #&4 KA g2 7 B BRANL BN o Flpt > St E pair
ﬁ%iﬁﬁﬁ##ﬂﬁ Rerpcs £ 8 0 0 589 ocds & £ 3@ 4 g p 55 o

RERW o AT RE
PRl 0 RAELT BiLiE
AL & o

foe R M o H MR R

W

F TR

- R omenfel o ME Y F LA SEFE N A4

P}

AT A AKRE Y FLIATHET { F Aae

F TR

-8 FT

AL HER LR R R B AEA SR 2 > T 0 SHAP R S #
BIA BT RBEOFY SR DT S R ARDEY 55 ke A

WAL 5 T U] Mt S GRS BN A KT et e 0 R

37

doi:10.6342/NTU202504281



(T Pl A I G ra e R - N R L T
Rl =AY

AR g i % 22 OULAD TR 8 5 #F R %E &0 Open University #7ik e ¥ 4
FRERTAE > B - TR E T RE AF L B a TR (secondary data)
FRICE 2RI 2 AFE Pk - 4 FARISERF S 2013-2014
o T ORBRAPFTREF IR EYRE TEL SN NEY F R TR
R RD ] RE R R RFEREBI S P ETEE o L 0 THE Y R
AEHAER T IR TR  ERAFPT NP 2 FE AL PR U LSS 2B
B

¥ ¢ > OULAD #73eék2 8% 75 18 5 VLE B Tl » S gh 9 & grpe i &
W ivk = P enEREYy o rEF RE A TR DR Y R (L & F PRI RAR
Boo#bolam 2 BELTRIBEAZFPIERT LT ROBT > MGV ELY
FRSEAZRE o P> OULAD mp iv i SR HE = Fpt A Hrwff g4 ¥ pp
SEY EIEN AT REA T BAD) TR

CEPCR AL A AT S R REEF L R T EE 0 5 { RO A B %
B (P BRgER s ERFHEES) TR S kék? vEREmHE B L 4o

HEFTTRF B BRERESTRE B (25 Y 5 W
£ R E AR RE

=

itk

F_w.
p
=K

R BRI S AT SRR L G B RN KT R AR 0T

o R SRR 0L B U AN B R T (T8 HARP B SRILE 4§ §
FRRR LT R RN T L RAEEY ST AR A AT e e T
ﬂ@%igiﬁ°ﬁﬁy’ﬁﬁﬁﬁﬁﬁﬂﬁi%ﬁ*ﬁéﬁJuE&MP@&&W
A AEP R BHERE %D FERAIL o bl4e 0 SHAP & 3K 417 0 2 41k
) AR R EAR R e BlBiE S A S HE S TS o
prk s AR TR Y 2 B fr (oA M R R Gl BY TIRE) B

WHBEEHRE LM E AL TREHE > A EENF P B Y 7A8E

38

doi:10.6342/NTU202504281



BAA T U URIE R NS AE L R N hF R A LA Y &
KRBT R A AT RS S A R W R U
B R T AR S E T

FZ8 AXEBY

ENEZRPFIEBH

ﬁiﬁﬁ’?i&?###ﬁﬂﬂﬁﬁ?%ﬂ?%ﬂiﬁﬁiﬁﬁ%ﬁﬁwﬁ

4 - FRRDEDFIFARIERT Y DERE o K RPF YT LB e
P S OE Y AREFHOTER > DRFARE DT IR TR E MY

BNDL S ATEY TR Gl Y FARS TR LE- HRF Y
TRl Fr s o S HOR| T FTEAREF L 2 PF o~ G kB FERNE Y P R AL A R
an R ERsREE I

ARTT IR RO P IE R R ARIERE Y vk > - B IFH L
LTI E R 7 B Y A R AR o blde AT RenF 2

FHH (R TF R AR RE) G A ROFIFRE A FOE PPN FRAE Y AN

FEBLPF s QBLFENEFE- H

&ﬂ’%@ﬂﬂﬁjﬁ?i;ﬁﬂﬁﬁﬁﬁﬁﬁ%wﬂﬁ”*% BE AR T
E B T SV B EIF R E DA MR R F L L > pEeg RS2
oV RpF L DR RAFE S BRAPTOFY I ELI LR DEY TR A
Puf o Bp R B Y BB REFORT DTS S 0 T RS 22 f K2 EAER
FRE A HEYHEPEI AT Y ERBRR DTS - XL B354 P apisd)
TR BAKETOTEIRFERE N > IFRFE G
NERTARBEFTAFMLE > TR L T ERF S S F R4 T
A By (R T

o]
e
3
1
A
4%
e%
S an\

39

doi:10.6342/NTU202504281



B FErFARERYGT S

SR RV RGFE LY ERY ERY ) A H LA FREITE R
ﬁ*ﬁ’%**Pi?u@—ﬁﬁMﬁﬁzk%?%aﬁpﬁgﬂﬁﬁmm%°p
£ ¥

Lo BV RYFLEEY S WM n G - HSRE o A KB T UK
EHF T o FrEREYRIGL ALY EE BFU L AS Y X G (A RS BT
BEY G T FOLREY F R4 R ﬁﬁ?kﬁ?&%‘#%ﬁﬁ
VR BB Y R R PR e bl BV F R I P RR RS SR

e

PRERELS TR EHEFRRE P A Y B PRIFIETRIT S 058
G BHATE S AT AR L 20 RS Y i A F Y RIF S g ok

Ha o ARFIVUERAEYRAGFZ A REY T oAV Thim o g
FROEYERESEYPEL 2 ARV RET R EHTY FRBF A2
PR ERMAR BV T LR K FTREIA N IBHHANEFET 0

B Y Hdom 78 Y RG] o T ARG LT LR BT SF Y A A
P AR e BUEY T SR RS Y R DS REE
Bofe » BV RPN G LB RIS EA KT - BEL > % o GFF YR

Fh BEFRL ’_;‘#??%’—*‘F fo AR F R E R F RG] 2 o A K
AT T T O e BT AR o B Y R o BRI R ke
FYFRAIREAS - GHEFLTIGEEI RIS AHE Y Aouni L ©
p

5T IR a\uxﬁ,\ﬂbﬁmgas_ﬁ B AEYIRE Y FHEE E i o
Y& By RH

AT D AE A Y SoraMith i BU RSV FLESEAN

Z b BEAPEAR Y IBGEL 08 FIFERHINE TREFYEFLI LG

"FRETE 5, (Navigaion) ~ CaeptseiF i (Input) & Tapfk? 75

(Output) ZEHF = 4 > A WliFd=% s Ao AT 2 RARIE - B FREY 75 eh

§EHE LS FHEOTRE S 0 B A0 2T KBRS Kok gy i3
40

doi:10.6342/NTU202504281



B blheii f BV RIS EREOITERL o
AR S YA R RS E R R R A TR
Bth® Y 7 LA 4 A E A BB ATLATER Y 0 R N5 DS B h R 2R

BB %R 2R Y REY S HF e g2

41

doi:10.6342/NTU202504281



34

Azimi, S., Popa, C.-G., & Cuci¢, T. (2020). Improving Students Performance in Small-Scale
Online Courses—A Machine Learning-Based Intervention. International Journal of

Learning Analytics and Artificial Intelligence for Education (iJAI), 2(2), Article 2.

https://doi.org/10.3991/ijai.v2i2.19371

Babhrick, H. P., Bahrick, L. E., Bahrick, A. S., & Bahrick, P. E. (1993). Maintenance of Foreign

Language Vocabulary and the Spacing Effect. Psychological Science, 4(5), 316-321.

https://doi.org/10.1111/j.1467-9280.1993.tb00571 .x

Bélanger, P., & Tuijnman, A. (1997). New patterns of adult learning: A six-country

comparative study (1st ed). Pergamon ; Unesco Institute for Education.

Carvalho, P. F., Sana, F., & Yan, V. X. (2020). Self-regulated spacing in a massive open online

course is related to better learning. Npj Science of Learning, 5(1), 2.

https://do1.0org/10.1038/s41539-020-0061-1

Cepeda, N. J., Pashler, H., Vul, E., Wixted, J. T., & Rohrer, D. (2006). Distributed practice in

verbal recall tasks: A review and quantitative synthesis. Psychological Bulletin, 132(3),

354-380. https://doi.org/10.1037/0033-2909.132.3.354

Chin, J. M.-C., Lin, H.-C., & Chen, C.-W. (2022). Homework and learning achievements: How

much homework is enough?  Educational  Studies, 48(3), 408-423.

https://do1.0rg/10.1080/03055698.2020.1766423

Cooper, H., Robinson, J. C., & Patall, E. A. (2006). Does Homework Improve Academic

Achievement? A Synthesis of Research, 1987-2003. Review of Educational Research,

42
d0i:10.6342/NTU202504281



76(1), 1-62. https://doi.org/10.3102/00346543076001001

Credé, M., Roch, S. G., & Kieszczynka, U. M. (2010). Class Attendance in College: A Meta-
Analytic Review of the Relationship of Class Attendance With Grades and Student
Characteristics. ~ Review  of  Educational  Research,  80(2),  272-295.
https://doi.org/10.3102/0034654310362998

Eren, O., & Henderson, D. J. (2006). The Impact of Homework on Student Achievement. SSRN
Electronic Journal. https://doi.org/10.2139/ssr.917447

Eren, O., & Henderson, D. J. (2011). Are we wasting our children’s time by giving them more
homework? Economics of  Education Review, 30(5), 950-961.
https://doi.org/10.1016/j.econedurev.2011.03.011

Figueroa-Canias, J., & Sancho-Vinuesa, T. (2020). Early Prediction of Dropout and Final Exam
Performance in an Online Statistics Course. [EEE Revista Iberoamericana de
Tecnologias del Aprendizaje, 15(2), 86-94.
https://doi.org/10.1109/RITA.2020.2987727

Grodner, A., & Rupp, N. G. (2011). The Role of Homework in Student Learning Qutcomes.
Evidence from a Field Experiment (SSRN Scholarly Paper 1892173). Social Science

Research Network. https://doi.org/10.2139/ssrn. 1892173

Guo, L., Li, J., Xu, Z., Hu, X., Liu, C., Xing, X., Li, X., White, H., & Yang, K. (2024). The
relationship between homework time and academic performance among K-12: A
systematic review. Campbell  Systematic ~ Reviews, 20(3), el431.

https://doi.org/10.1002/c12.1431

Hadwin, A. F., Nesbit, J. C., Jamieson-Noel, D., Code, J., & Winne, P. H. (2007). Examining
trace data to explore self-regulated learning. Metacognition and Learning, 2(2), 107—

124. https://doi.org/10.1007/s11409-007-9016-7

Hillman, D. C. A., Willis, D. J., & Gunawardena, C. N. (1994). Learner-interface interaction

43

doi:10.6342/NTU202504281



in distance education: An extension of contemporary models and strategies for
practitioners.  American  Journal of Distance Education, 8(2), = 30-42.

https://doi.org/10.1080/08923649409526853

Jacoby, L. L. (1978). On interpreting the effects of repetition: Solving a problem versus
remembering a solution. Journal of Verbal Learning and Verbal Behavior, 17(6), 649—

667. https://doi.org/10.1016/S0022-5371(78)90393-6

Johnson, G. M. (2005). Student Alienation, Academic Achievement, and WebCT Use.
Educational Technology & Society, 8(2), 179-189.

Joksimovi¢, S., Poquet, O., Kovanovi¢, V., Dowell, N., Mills, C., Gasevi¢, D., Dawson, S.,
Graesser, A., & Brooks, C. A. (2018). How Do We Model Learning at Scale? A
Systematic Review of Research on MOOCs. Review of Educational Research, 88, 43—

86. https://doi.org/10.3102/0034654317740335

Kim, S. K., & Webb, S. (2022). The Effects of Spaced Practice on Second Language Learning:
A Meta-Analysis. Language Learning, 72(1), 269-319.

https://doi.org/10.1111/lang.12479

Kizilcec, R. F., & Halawa, S. (2015). Attrition and Achievement Gaps in Online Learning.
Proceedings of the Second (2015) ACM Conference on Learning (@ Scale, 57-66.
https://doi.org/10.1145/2724660.2724680

Kizilcec, R. F., Pérez-Sanagustin, M., & Maldonado, J. J. (2017). Self-regulated learning
strategies predict learner behavior and goal attainment in Massive Open Online
Courses. Computers & Education, 104, 18-33.
https://doi.org/10.1016/j.compedu.2016.10.001

Kuzilek, J., Hlosta, M., & Zdrahal, Z. (2017). Open University Learning Analytics dataset.
Scientific Data, 4(1), 170171. https://doi.org/10.1038/sdata.2017.171

Latif, E., & Miles, S. (2020). The Impact of Assignments and Quizzes on Exam Grades: A

44

doi:10.6342/NTU202504281



Difference-in-Difference Approach. Journal of Statistics Education, 28(3), 289-294.
https://doi.org/10.1080/10691898.2020.1807429

Li, J., & Xue, E. (2023). Dynamic Interaction between Student Learning Behaviour and
Learning Environment: Meta-Analysis of Student Engagement and Its Influencing

Factors. Behavioral Sciences, 13. https://doi.org/10.3390/bs13010059

Macfadyen, L. P., & Dawson, S. (2010). Mining LMS data to develop an “early warning
system” for educators: A proof of concept. Computers & Education, 54(2), 588-599.
https://doi.org/10.1016/j.compedu.2009.09.008

McDaniel, M. A., Fadler, C. L., & Pashler, H. (2013). Effects of spaced versus massed training
in function learning: Journal of Experimental Psychology: Learning, Memory, and
Cognition. Journal of Experimental Psychology: Learning, Memory, and Cognition,

39(5), 1417-1432. https://doi.org/10.1037/a0032184

Misanchuk, E. R., & Schwier, R. A. (1992). Representing Interactive Multimedia and
Hypermedia Audit Trails. Journal of Educational Multimedia and Hypermedia, 1(3),
355-372.

Moore, M. G. (1989). Editorial: Three types of interaction. American Journal of Distance

Education, 3(2), 1-7. https://doi.org/10.1080/08923648909526659

Morris, L. V., Finnegan, C., & Wu, S.-S. (2005). Tracking student behavior, persistence, and
achievement in online courses. The Internet and Higher Education, 8(3), 221-231.

https://doi.org/10.1016/j.1theduc.2005.06.009

Nunez, J. C., Suarez, N., Cerezo, R., Gonzalez-Pienda, J., Rosario, P., Mourdo, R., & Valle, A.
(2015). Homework and academic achievement across Spanish Compulsory Education.
Educational Psychology, 35(6), 726-746.
https://doi.org/10.1080/01443410.2013.817537

Qiu, F., Zhang, G., Sheng, X., Jiang, L., Zhu, L., Xiang, Q., Jiang, B., & Chen, P.-K. (2022).

45

doi:10.6342/NTU202504281



Predicting students’ performance in e-learning using learning process and behaviour

data. Scientific Reports, 12(1), 453. https://doi.org/10.1038/s41598-021-03867-8

Reynolds, J. H., & Glaser, R. (1964). Effects of repetition and spaced review upon retention of
a complex learning task. Journal of Educational Psychology, 55(5), 297-308.
https://doi.org/10.1037/h0040734

Schutte, G. M., Duhon, G. J., Solomon, B. G., Poncy, B. C., Moore, K., & Story, B. (2015). A
comparative analysis of massed vs. Distributed practice on basic math fact fluency
growth  rates.  Journal of  School  Psychology,  53(2), 149-159.
https://doi.org/10.1016/j.jsp.2014.12.003

Sun, Y. (2015). Characteristics of on-line learning behaviour in distance education. China

Educ. Technol, 8, 64-71.

Tawil, S., & Locatelli, R. (2015). Rethinking education: Towards a global common good?
https://unesdoc.unesco.org/ark:/48223/pf0000232555

Vlach, H. A., Kaul, M., Hosch, A., & Lazaroff, E. (2022). Attending less and forgetting more:
Dynamics of simultaneous, massed, and spaced presentations in science concept
learning. Journal of Applied Research in Memory and Cognition, 11(3), 361-373.
https://doi.org/10.1016/j.jarmac.2021.10.007

Wang, A. Y., & Newlin, M. H. (2002). Predictors of web-student performance: The role of
self-efficacy and reasons for taking an on-line class. Computers in Human Behavior,

18(2), 151-163. https://doi1.0rg/10.1016/S0747-5632(01)00042-5

Wang, Y., Zuo, M., He, X., & Wang, Z. (2025). Exploring Students Online Learning
Behavioral Engagement in University: Factors, Academic Performance and Their
Relationship. Behavioral Sciences, 15(1), Article 1.

https://doi.org/10.3390/bs15010078

Wang, Z., Koprinska, 1., & Jeffries, B. (2024). Interpretable Methods for Early Prediction

46

doi:10.6342/NTU202504281



of Student Performance in Programming Courses. A. M. Olney, I.-A. Chounta, Z. Liu,
O. C. Santos, & L. I. Bittencourt , Artificial Intelligence in Education. Posters and Late
Breaking Results, Workshops and Tutorials, Industry and Innovation Tracks,
Practitioners, Doctoral Consortium and Blue Sky (115-123). Springer Nature

Switzerland. https://doi.org/10.1007/978-3-031-64312-5 14

Wu, D, Li, H., Zhu, S., Yang, H. H., Bai, J., Zhao, J., & Yang, K. (2024). Primary students’
online homework completion and learning achievement. Interactive Learning

Environments, 32(8), 4469—4483. https://doi.org/10.1080/10494820.2023.2201343

Ye, M., Sheng, X., Lu, Y., Zhang, G., Chen, H., Jiang, B., Zou, S., & Dai, L. (2022). SA-FEM:
Combined Feature Selection and Feature Fusion for Students’ Performance Prediction.

Sensors, 22(22), Article 22. https://doi.org/10.3390/s22228838

You, J. W. (2016). Identifying significant indicators using LMS data to predict course
achievement in online learning. The Internet and Higher Education, 29, 23-30.

https://doi.org/10.1016/j.theduc.2015.11.003

47

doi:10.6342/NTU202504281



e

£ 1T

AF

ors

0.030 4 0.025
0.0175
0.0251 0.0150 0.020 4
0.020 0.0125
. . . 0.015 4
£ £ 00100+ 2
2 0.015 o o
8 8 0.0075 8 0.010 4
0.010 1
0.0050 4
0.005
0.005 0.0025
0.000 o 0.0000 0.000
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
early_score late_score mid_score
0.25 239
0.25
0.20 1 207
0.20
0.15 4 151
2015 2 2
= ] ]
g g g
& & 0101 & 104
0.10
0.05 0.05 0.5
0.00 0.00 4 0.0
5 10 15 20 0 10 20 30 40 2 4 6
navigation_mean_click_interval navigation_mean_clicks navigation_click_variance
1.4
0.14 0.14
124
0.12 0.12 4
104
0.10 0.10 4
> > = 0.8
£ 0,08 £ 0.08 4 ]
é é g 0.6
0.06 0.06 :
0.04 0.04 049
0.02 0.02 4 029
0.00 0.00 4 0.0 q
0 10 20 30 40 50 60 0 20 40 60 o 2 4 6 8
input_mean_click_interval input_mean_clicks input_click_variance
0.10
0.06 4
14+
0.08 1
0.05 124
q 104
0.06 0.04
> 2 2
Z Z 2 0.8
2 20,034 2
& 004 8 8 06
0.02 4
0.4
0.02
0.01 021
0.00 0.00 0.0 4
0 20 40 60 80 100 o 20 40 60 80 100 0 1 2 3 4
output_mean_click_interval output_mean_clicks output_click_variance
10 4
1754
1.50 4 s
1254
6
2 1.00 4 2
@ @
2 S
8 0751 8 4
0501
24
0.25 1
0.00 1 04

0.4 0.6 08 10
late_ratio

o
°
e
[N

0.4 0.5 0.6 0.7 0.8 09 10
completion_ratio

48

doi:10.6342/NTU202504281





