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Abstract

This study examined the effect of an adaptive microlearning system on the achievement of
second-year secondary-school students (science track) in a computer science course. A Moodle
plugin was developed in PHP that divides the course content into ten microlearning units linked
by a concept map. After an initial test, each student is classified into one of three categories (fail,
pass with a need for remedial reinforcement, pass) and is routed to prerequisite materials or
targeted recommendations, followed by a follow-up assessment. A quasi-experimental design
with historical control cohorts was adopted. A random sample of 64 students was drawn from
each of four cohorts (2022-2023 to 2025-2026; N = 256). The system was applied to the 2025—
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2026 cohort for a full academic year, whereas the three earlier cohorts were taught traditionally.
A one-way ANOVA revealed significant differences among the cohorts, F(3, 252) = 13.52,
p <.001, n*=0.14. The 2025-2026 cohort obtained a mean score of 75.25 versus 68.45 for the
earlier cohorts combined (difference = 6.80 points; Cohen’s d =0.91), and the proportion of
students scoring 70 or above rose from 45.8% to 81.3%. Usage indicators (units completed and
number of attempts) were not significantly related to final grades. The findings indicate that
adopting the system was associated with substantially higher achievement; however, because the
historical-control design is not randomised, causal claims should be made cautiously. Directions
for randomised, pre-test-controlled follow-up studies are outlined.

Keywords: microlearning; adaptive learning; concept maps; secondary education; computer
science; academic achievement.

tdaddall .1
salfie Uasim (19-285€ dails o) b o bl ) (g J) (e L) Lay ool Bl ci¥zadll cumh
dala sy calaall 8yl Lalail Zpaal Alsyall Gl oyl a8 chpadil Lgulled daalyed gl aleill cloghiia e
grend 23 ) gl Gupl G Bendl) Blad) 13 b peiy [1] Baiads Aigye ST dsadad cojlas ) e
S L) alaty L) ) bl s L sty cagaled Clejurs gy Bl aghilas (s clgasis 8islly ALl

(3] <[2] 4l alaiall Gailiad Cauny aladl) jle CiSs 1)

Biea lang ) (gginall L33 e asty 3 ¢olad¥) 138 8 saclsl) Jalad) asf (Microlearning) (all aleill 32y
Daskl) 3 e alaialy Jaaill 138 as S L[5] [4] sgame dgmy saeal gy b Wajlad) oSe eBaraa Calaal
) Ll cluhall o e [9] (8] Lagmadll 4ng e danall Geall pilai (g (7] <[6] el aalailly gl
Blie Sl o Vs Bt gl il Caall Gl e Ay Loy ¢Gasd 5333n0 J5 Lo (gl aulatll b iyl
[10] daslis de ganas

panll dad 5 Lin Gag Shad laal] by (A eBal) )l S 43s) ol Le Bpiaa bl ) (sgimall gl i3 Vs
Seall haidl pasiey ESH g Y] aball Wl g3l of uball o3 ilgal e Ay LcSally A oy
dall) LalSY) 8 Moodle duaial d3lin) 53y cdaaydl jhe b dalhll djed) (gsied) 45201 (Fuzzy Logic)
panliall dands i) lalgd cdacel diaas Ll dupad) Gl ) 5SE) duhall sda Jang J[11] Ll ciladall
Ll DA (ol

o asalal asle e 853a3 (1) 10 gene <Moodle daial dilis) 3l Sl ) Jaall s dulpall o3y
aany 5l ol e Qllall Canieas (3) 5 ¢laagly ddlud) cililbiadl dasi aalie dad (2) 5 tAiis Clang Lde
Gl Sl Caall dulla Jpant (& JelS o ale ik ddudss A1 Gy Chiaail) duay dasliall s (4) 5 $ojle
gl Azl awds el iy Al ilady EDIA g jlaar o alal) ausdll)

Al Al 3 el impag cAluall il cladally (gl HURY) 2 ansdl) (i peiasy 1Y) sadl) e Gl Ak £ 55
7 ) \gilig (i) 6 audll ayess okl Al 5 andll &y ciagial) 4 audll Camny clgluasds Lkl
AL 10 aesdll 23t s cAabitisall JlaeYly laasill 9 acdl) adng cdahal) 2g0n 8 ansdll (g

974



Agilal) Adajal) Ll Juuans B sl ad) alast i
ralal) @)l clually il Uy .2

el alail) 1.2

b Eas dian Jp My ouipina Uahy 1ga Qi 5805 Bpia Gy (8 Al au ) al Dl
el ol Lalfial ademsy byl ailsling [S] o[4] L) (e J5V1 Shell Craiia M g S plal) b
BES o Laadlall pas ([12] anhasial g ls) lasal 138 3 cleaball iS55 [7] 1ana Gales Wigals [6] atesdl)
o o) alaill o G ) Aas gt A it (gl bl Wl [9] ([8] dunall (gl aided iy Lgia
L AT ) jie (g Alayal) o3a 8 ALY e ahe ) Aalal e Lo ([10] palill Cral) dlds Jrans

A platl) 2.2

g [3] (2] iy 4l ) 135 dlsisey slatal) (allad ga slsas (gginall daclye ) S alall Cing
Late Jabs Bla¥l oda e V) Caaslly ([13] el blal Gy (ZS Lghe cclld 8 Baanie Sllie cindield
Caueny S Auhl) sda adiad iy cofinlll Gu (3li pase alaill Lalal e slae¥! Jlas .[14] Moodle
L) G Y Y lgady dailod) 48yl

A ) sl 3.2

Ladeil) 3)lsall dagi 3 (Cold Start) S el A5 dulyy caalle a8 ¢CiSally 85l c Fa Jlael Cinen
sl sy [16] (al el (8 dagilly Chiaglly Aaill il dasle iy [15] LS Al dagial
S My 171 35S bl Aadail sl Gaula 1310a) Jay S alailly gelihaall olSH) ey of ) Gnal
18] saaeidl) il s b Cpnala Alls deli b e lilaal) oAU aseaall Sall alall sy

) cilibiial) Ao Aailal) duagilly ashliall Laild 4.2
oo 5aame Alanjd S Sl alas b aasiidy [20] ¢[19] Walidley Ayl gy Jial Ay 8ol aualeall Laila 34
A Lpagill & Cagad) Cuntigiy [21] Aie) AASH Lismaa (po (o) Lol dalyy Lo e caddad s 3 il 43
leias [22] a3l ol Lgaly Lasg ecdUall asith ol Lo (3 1) dpalell C3laaYL sy Lo Lgiad R bl e
Gihb ciel 8y ([23] £AKI Adyeal) Al aleid) @Dlie) e of b SN Al Sluas of K5 L
Badsa autlie Aoyl caZgill e N Al dahal) aticds [24] Ldjeall asnll e G daslaad) cilillaial) adlanay

el sginal il

:Moodle dais o i) 5.2

Shless algh Al lgie thae CESE Sleg e b i) By (i) sk miy yaadll dagite Moodle dais
[26] (Y1 Lpnalal Ayl Al (sad ety ) ARW) aedsh Sl 40 llase el ALl ([25] Al dpads Audy
Gapadll desaaall Class cupulall asle e (8 re b 102 o LS Al i gl Asjal) i
W) Lo L6 g S ol 8 JleeY) o2 e Wl calidsy L[1] daliall desenall o el asii Jacigia
SlalS Gy Ll iy eiSally 250 (g s Ll by calatl) bl e Y clibanally dalud)

975



Agilal) Adajal) Ll Juuans B sl ad) alast i

:halll Gl 6.2
oy Loy 5oLl wilas 8y 5 25 (pay cdlalall I dos Lagana (il ) yal) ecanll Aplas ) A5l 5,58 aties
Sl Qo) a7 (s Baseial) Lailesslly Jlaill A3yl 8 (Segmenting) &) fae (g [27] dsdall ecael)
Ghic lo agiid daghi Bale] & dadle Clang ) agansiy lllall Casias Wl [28] Lgints b aleiall oSany ohial b

1291 s Lo ) Q) o) b olisy) (ks Ja iy s LEdM ol

sddianl) §gadll 7.2
LSl o) (ol gralally (gigally aeal ) Loyras (Bal) pladll e duyel) A1 el of o Los sy
psle e A Anlud) bl e 23Ul CESilly A5al) o aeadl o WS L[1] AL &gl dlsyall 8 Moodle sl
Bl & dbilae duy o (ledlal sgan 8 i aly LIS luhay By o JalS il ale (g2 Lo salal

Bgadll 038 (e eix du () Auhal) aus Ua (e . ol

tlgilua b Lgilindy dafal) A<in .3

Ayl A<iia 1.3

Gladicd (8 gl slsas ccugalall asle Labal LU Aplud) 4 jeall clillaiall 8 (sll) S Coall Bulls csliny
QI Aasi Ady .5asly Syis gl jRall p38 Ly cdile Jabe B a38 ol daconl A CLal ) daalu) s lidl
o3 dallee & KU Sl aleill U alge] (520 Auhall Jolims aadUl clesngall Gl (3aa3 Adjes Clgd
ranill e elly LulSalg 21SA)

sdal) A 2.3

oo (2026-2025) Sl Sl el ol lgde 3k ) dxdal) dalal Al daal) agie ciling da 1o
fazld) SO Cilzdall Gilla gia

daw il daddl) oy (Sl 805 L3Sl 705 ¢ Sl days 60) Juantll iligine b Al G CaBaS o 120
L) Ciladally

Aol Jaie s o(@¥sladl 220 Baiall clangll aae) Hall bl can sl Lkl alastil o L 3 AliSiu) 3
gl

Al clua 3.3

e dedy S Lausie e 0.05 (giwe vie Glas) Yo GS) Gayatl) Zedall Aalgl) Aoyl dawgie Cabisy 10
Ayl dedall sllal G (5 o adsts caiaall Lehangio e Aalud) EON Cladal

Al laally Aunatl) Aabal) o Giloaa] V1o BDS) Jeant (ggine JS o cploalall b)) o (ias 220
Ayl Aadall adlal G sS of pdss

LA Al gy Al lledg (Aaalat) Locayd 4l § L Da 3w L

tduyal) dsaaf 4.3
Aasall 6 Al clllid) e S caSally Al o pead) A e Jlase daly aai B Gl Al aged
S ¢ reaall dagide duaie Lo e Al (aiiie misel a8 Blee agediy ALY g U5 dlsye s cdsilil)

976



Agilal) Adajal) Ll Juuans B sl ad) alast i

5l leasiag 8 dealye plias 8 S gl CadS AUl o i WS (Al @l jie B bS5 Caalaally ol

ddufal) dagia 4

)l pnacai 1.4

Non-equivalent Groups with ) 4:3.)0 lalsia xe 28K e Glegener ol 4d el duhall Gadel
o il iy o S S el o ¢ salll) el osld sa Jiieddl il L[30] (Historical Controls
100 (e el b Aglgdl) da

\giie g dual) adina 2.4

Aloe) & (Adlaay Bagill) dugaall Al dusyre B (oaladl andll) (gl SN Crall Al e Al paina O3S
Gglsde daphy (Wls 256 gsenal) Wla 64 dady S (e Lid) .2026-2025 ) 2023-2022 e Gashyal
(AT alee ) Al e ale IS Ab Calisy 3 ¢Aliias p)Y) Ciladally

s obiadaally aall 3.4

cCml Olead e 12550 SIS Gy Lile Siasg o galell pusdll) (gl S Cocall bl o) opualall asle ) i
(legaads liabeal) a¥) el 3 ) Cgag W Aagililly Lolae) il el 3 Al Lgaea€) Al Cijlae dajiding
coladal) o aleall A als e 3ay 631 e

& al) dallaal) 4.4
S 2026-2025 dady Wi LAadall dashll aal (2025-2024 ) 2023-2022) Y EDEN ciledall Cays
) 2l Jlsla Moodle duaia e i€l ) Jatll pUas lgle 33k

s bl clgdl 5.4

Lla) zisa 385 laball maen B DY) Ghsl ey aaaill Lalda (100 ) el dslgil) daall cindel
3a) E¥glaall daeg ¢ pdiall Clasgll e Biaiall Glaagll are ik asg A jail) dadally LBy mosal julaag 23ga
(Vslae S il

t Alasy) Julall 6.4
sty a1 cledall ciygd L (Levene b)) cplal) uilads (Shapiro-Wilk lasl) &llsey) Lyl Uand
) Lghacsgiars Al dady S Laapail) Zadall Cuysiy (Aand) lilaall Tukey HSD sl ae galaY) lal
OASS e Cany ldg %95 A& 558 e (Cohen's d) 5V aas ol [31] Alkied) ciliall Welch sl
WAL 51 ¢lS e ol iy L ilall A6l Land Mann-Whitney 5 Kruskal-Wallis sl sals <[32]
N @hlaadd Bonferroni gpsaais (OR) Lsa ¥l das les pe dadgidl @Sl jim e Fisher
0.05 V2 (ggise adicly .culayally aladin) clydse w4kl Jilail Spearman Jalee axiiuls (0= 0.0167)

-(SciPy 4:<4) Python &y cBlalasl) e );\3 ccylall A0l c))ladl

977



Agilal) Adajal) Ll Juuans B sl ad) alast i

:ABNAY) clacy) 7.4
DAY ad A ladlgall Jiadhy L Allaall UL paen 8 Bisg) Alsgae Aot ol Ll elacd 3]

gkl AUl .5

:4adl 4L 1.5
Al Uil egisg PHP aly ginldl Lgaa sy Moodle olaill 513 Ziaial (Plugin) dilis) 8ysm o oUaill ke
iy (S \Slly gl 8 Gald cilassll Al

el alatl) clasg 2.5

S Gsghe Bang IS ol Al el el mgiall (o Aealitie Hall alaill Glasy jde aUail e,
(RlalVly cAamylal) aabally (oSl ¢ gl alaliay (gagealll (p ssinall jaa iy Al awlie desens
Arra oSG sas gl Al sale) lUall iy Les ¢85keaall clyliaa¥lg ¢ SVl

tduagil) (ghaiag ph aal) Z\.E:UA 3.5

(Graph) b aey S J3ads gsase JSI dblall bl (o skl @lis€d (Mind Map) aslie dasa cu
S Ly abul b llall Blia) xies (BT Lindlee i L clein slae¥) clile aedlaly anlid) sdie Jic
ALl glliiag shal) ety dagipell el aleill colas gy aUaill gy o5 cAllaal) aalidl) shey i) L

aladl) 5935 dallal) Chyinas 4.5

Ghiall Ll L)y (e Lealiad iidal diapall pliald fuda Gaony @l SO ) ) SLasY) ey )l (i)
Byo0 allig .« bl JYSaY) aladiins) (g0 adall a8 glaiad oyl ddlall duhal) of ) Ll [11] lecal
(1 JSa) dale gl (se abatl

Ll cplall o s oGy Cibead () aa) g0 bt Ul jlise il sans (A JLasYT) A6 Aaal)
ARal oY) aall (368 (g cAShial dsh ) dals aa

- spudlly CiiSllg Jadlgylly il fams Aladl lalliall Lgsd w355 ccanll gall 4350 1 (Alslaad) clallaialf) 4l dls yall
b chladly has s chlosl dediy dusi G dals ge malll el 4550 (cluagill) AUAN daal
A Ul il eVl e 55 pe csadad Glally cdilgie

) b)) S il i 32V au Ly cdealiall Waliiy S et (danlial) and) dall) ddaall
Bassll Ay Bale) Calllall 3as + jlsall malil) gty UEN Ayl ) Dsit ) Anls o i) g (Al Al sl
CC¥glae GO s

978



Agilal) Adajal) Ll Juuans B sl ad) alast i

|
[ aciss ]
[ ;..11__‘: ___.-"":v-:.:p"-& “__.,J| ';l_'l\_'l.lll e el
2 T A RSl SN Ay il
E: i A
. g
| S | L == —
Com a0 I = I uw ) (el ) (T SAY T b
e I R 0, R S : _.:,l..,..-.._.-_ I 2 = A
| PR _...'}
Rl -
[ i s " | ":;‘-L‘
:',:"-'I-'I-'t__.-d.l_h.';_, I\ -hl HSL. _:ll |_._
i I A Apladl as mad
o A4S el Ay sl
< Umeadat
H _J S _-:--__ - u
i wr—] o

bl ae Jalaill & a5 gl

CoAkal) allail) & alail) §)gal sbout) Jabadial) 11 Jel

tduagadlly cdlawd 5.5
iad e el e lasa @ et el JS 30 diggll Alggae ciDlanes AUl Jadiay

O b agen Lo (Al 3le) gl Aol sale) ) pliat 8 ) langll aaa Basg IS dacagil) e st g

Lgia Cl' %95 a&l) )y

il (sginll
il .6

sl i8Y) (asdg el slasy) 1.6
re Llaugio 20 JSEN s caopY) claball dggiagll clelas) 1 Jaall Gy

@hloa¥) Glaahidl cageatg Al SO Gladall 69.16 5 68.39 5 67.81 dilis & cdayn 75.25 duyaill dadall

¢«(0.8425 0.246 ¢ p A¥)

Shapiro-Wilk las) ey LIS ciladall 3 ddlvie) claall col€ 3 dadadl

N il b sl sladl g s (F(3, 252) = 0.58, p=0.63) Levene s} cuas cplall by

(2025-2024 dxis

dadal) a4l dayall dudagl) clsbaay) i1 Jgaad)

Jugiall %95 4al 5y s Jasusll Glaal) Glaiy) | Jaagial & dadal)
[65.81, 69.81] 47-84 67.5 8.01 67.81 64 2022-2023
[66.60, 70.19] 52-87 69.0 7.19 68.39 64 2023-2024
[67.16, 71.16] 50-97 70.0 8.01 69.16 64 2024-2025
[73.58, 76.92] 58-88 75.5 6.67 75.25 64 | (dwwad) 2026-2025

979




Agilal) Adajal) Ll Juuans B sl ad) alast i

oo
(]
i

i
]
i

153,23

|
un
i

67.81 Efil-_ﬂ EBTM

(100 oo 8yl azad| dnsipia
oh |
Ln =

.

i
(93]

2022-2023 2023-2024 2024-2025 2025-2026
el gl lall

%95 A 55 e dada JSI Ayilgil A al) dacusia 12 JEA

(1 1) clajal) bagia 2 (3980 2.6

«(F(3, 252) = 13.52, p < 0.001, 2= 0.14) x,¥) cledall oy Gleaa] dlls B8 oY) oulall dalas gl
dale dady JS ge calidn 2026-2025 4xds of Tukey HSD loal Gig . n€ ) Jawgie 51 a4y
(0.9725 0.741 (n p af) Lam Co pan Al cladal) alias ol cpa 4 SO0 @YW 8 (p < 0.001)
Mann-Whitney laal a¥a il WS «(H(3) = 36.65, p < 0.001) sl o3 Kruskal-Wallis sl g
LD lladl 3 0.001 o

6.80 alis cday0 7.44 5 6.09 (pm G #oli - Anlad) Cladally Lwsaill dadall G Welch @ljlie 2 Jganll (e
A Ayl Ji @iy (d=0.91) S 3 aasy (68.45) daslad) cledall aieaall Jasssially £35lae Aoy

dalud) cladally 2026-2025 dnds G Welch @lijlia 12 Jgaal)

A& 558) d Y ana clayy) tded AR §58) cudaagial) 354 o
p g 4ls
(%95 (Al (%95 ’
1.01 [0.64,1.38] | <0.001 | 5.71(122.0) 7.44 [4.86, 10.02] 2023-2022 =
0.99[0.62,1.36] | <0.001 | 5.60(125.3) 6.86 [4.43,9.29] 2024-2023 as
0.83[0.47,1.19] | <0.001 | 4.68(122.0) 6.09 [3.51, 8.67] 2025-2024 s
rendl) Jacsgiall
0.91[0.62,1.20] | <0.001 | 6.78 (123.6) 6.80 [4.81, 8.78] Fl e
CONE cladall

(26 20) Jraadll Cligis 3.6
= ) dadine Al ciladally &lie Lannatl) dedall 8 Jrast (ggine IS o cplealal) Dbl (s 3 Jganl) iayen
e S 80 o lhias (ge duwiy %813 Y %45.8 e S dapy 70 o lsbaas (e daws iyl (192
%89.6 (re caxiti)d Sl 60 Ao Ishas (ye A Ll .Bonferroni geaeas e Jls LaadiSs %28.1 ) %9.4

980



Agilal) Adajal) Ll Juuans B sl ad) alast i

moneail 3 Yl i Y 41 0.05 vie Jb G say ¢l dxdll & 60 (50 haid aaly i) %98.4 )

duaaill Gyima cuan dallall G 23 J gaal)

2026-2025 4ad ) Tt il
Z\,\A@J‘Y\ Z\.wu ) =) A ] R .
1 sl (64 = ¢ Do) (o
OR P g 429 oty ss (192
(%)
0.025) Fisher: .
7.33 5.00 (%98.4) 63 (789.6) 172 Sk 60
0.032(
5.12 <0.001 24.30 (%81.3) 52 (%45.8) 88 sl 70
3.78 <0.001 13.96 (%28.1) 18 (%9.4) 18 Jisla 80

[%) asllall agas:

Al culadallg 3.,:.\3)&"\3\ dadyl) ga Juantl) (Goiua cuway dallal) cud 3 &)

100 1

40

20 1

i5ls B0 az

B {192 = ) cdanme) sl calasall
N (5 = ) 2026-2035 ands

Litls 70 a4

55T B0 as

H(3) claally dids g alil) alaiiud 4.6
(%6.3) dlla 4 Saily S Cang 3L (%51.6) Wla 33 Sasl Auwpaall dadall sladiad @ihige 4 Jsaall (e
275 sasly Aslae (%35.9) Gk 23 Jaws . Ji 5 clany (eed (%6.3) dalla 4 el Laiy clglS iall cilasgl)
Uiyl asledll dayall saiall clasgll aae Lagy aly cc¥slae &N (%21.9) Wl 145 oilslas (%42.2) Glla
e G i ol Bl ek .(p=0.14, p=0.274) c¥slaall 222 Yy «(p=—0.23, p = 0.069) Yl

cBaaaiall ChLEA mAa) o) AlaSi) st sa9 «(p = —0.26, p = 0.039) <¥sladll sae g i) Clasll

981




Agilal) Adajal) Ll Juuans B sl ad) alast i

(64 = ) Gaauail) Aadal) b L alaicd cipdibe 14 Jaad

(sall) Jaesgl Gl Cilaiy) Bugial gl
) 83—10( 1.45 7.47 (10 () Baid) il 3
) 21-3( 0.75 1.86 (3 &) ¥slaall 2

A5 LT
slo (@hae Glai) 0.9 L8) a0 6.8 sai i il lgde Gl A addll Jrant Jacgio of il gl
il Al el cildal) ¥ sias o dile dady UK Wglie e jela @edll 138 ofy cdilad) Ciledal) Jasigic
Ll Le 58 202672025 & d L oL alme¥) 53a bl 13 ol caela olat) e jedas oly (ssinal) Byiine
Cilay b I il e die @l Lo ga lgaladl 3 Al o3 aneaiiy (8 anll) sl Cufls Y OIS gy eoptenlly
Moodle o @Sl alail) Lyad b Auwpaill deganal) (338 gas [10] Hall alailly Ises cpdl) auslil) Cocall 4l

Aaaiieal 2ilaYly ) Rally aracaill AR ae ([1] Zppid) gl b

Alaase dapn (ol ity LS e lin) Sl 40,0 70 e gbealall G canil 388 thugiall o i) iy o
A s el Akl gal clgadl) alky Uil of A ge ey 1305 Aldl leddl 35247 Qae 58 )
Aaylasy ) s

b o A cAlainall byl (e . gt 8 Bis e i Clasally ladiul) Shdse o Ja LLEY) Gle L
i) ol ofy saiasa Vs LA ey Y cl¥slaally Clangll axe G Sl Ja of bl o3 b
Ga Al i LDl sl (ge arje ) o) Ailal) a3gy sl ol ¢lang 956 o Alall aliea Jail ) Sgan
S e Y (LoSal auilly ujeall Axabally A5iall) Sl aled)l SURY) e @b B ol ¢ lel) dpandl)
i) 238 G Smaalls Ldlall Ul macd Yy« plasiY)

Q271 el 855 b Sl laall ey Apnall snall i (gpinall B33 ol Gyl dainall ) e (S
592 olis (23] «[22] lpndll jods allay dadiiall Cilegumsall U ddlud) bl ) G aas ol ([28]
OS5 Jeadh ol 3 clia Gapas 5ose g LK) Algies Sl ooy 2[29] JEN) U8 &Y pes saleYly asil
B e (5%

sdupall agas .8
a3 Vs edads (S (g Al LA (ads Lyl oda (8 Alsdialld o) o Wlstie ddbll £55) ol L avaadl) Yl
Gl DA (ool pe @i gal dalse 8l diage i) Ea)l Ladgen aladiul Jeaoy LASL Cladl

30] dabtiadl aleil) jalias g ¢ upaill Cagyla ol eciladall

cladal) s A5V (gl Jasn e olh ¢ ailid) Juantll i5e ol B JLad) il ol LAl ubE) Qe L
(bl ) Colas)

e ClilaneY) Al L @S e Glas) 3t o oSl cronaaill ulees LlaY) zisen 035 el (TG
sl it aeied S cclilanaY) binda ol Les dUail bEds oall) Gaadad) of LS L2l Y

Y LS calaill oy g capuilly alatl) g saly iy cansall g Aaill AT o ssensill Jeas Y L Jalsad) Jaa sl
ol A dadioy

982



Agilal) Adajal) Ll Juuans B sl ad) alast i

oy il ciladny Lgilae i Al o Zauyaall Zadall Ha3ilY) Cilydie Codlg L e Lbally aladiad) by laals
e Clgals JhAN T Yy Lia 1l Yy dundlal) Ll
cal il 8 la)hSs (90 Leadlii asesd aay D caaly sy Baaly dusye 8 Al gfﬁ’i ) Lol

bl Jlelly cluagil) .9

Sae) g ecmbualylly Luriglly Ay aslell (e 98 iy je 8 plal) Capaty Ausladl (s o Al as
(il (g o - (ssinall Cpent] daagill cBla Beli o el g calal) ol AL pualiall L2
ol SLad) aa e lall b Alalia Ao gana oy plll o Bilpde CRB 5 Al 4 g 33V manal (aasi
depall Ble HLasY alsiu¥) (o) Olaw Ly cdiie Gl Lally dumdlally BHAN) Geliig ¢ las Jiag
L Lo oelilaa¥) oSN by Lagll dna ol oo WS i€l 3 e a5al 3 Jeainy cdlaia
J18] ([17] Lo s (po @omll 2y gl e lihauaY) (1S

:aadlal) (10

Ciiailly aaliall dhassdg ) j2all A3a3 (g geny Moodle duaie o S Shad) alaill Gellai Zuall oda cuels
O bl coelly csalall asle jhe B (gl SB Caall Al Juant ool iy Al auiiy SO
ey Glsiad e palalall Cust Ay claall Jawgia 8 Bilas) Jlag S ey o)) = ale Jlgh 4zl
Gaal) Jhag coang allaill ) leatl) A 8 Ll i apesall) depds Gl8 Gl aag ARl culady D Ll
e Sl mbdie mlgad (ggan el pa gl ng . il Gabally Sladall gl adiat clahy Usaye )
gl Golaall 8 Jdaill ae ) jraall dagite gl e

References

[1]  A.Ezzaim, A. Dahbi, A. Haidine, and A. Aqqal, “The impact of implementing a Moodle
plug-in as an Al-based adaptive learning solution on learning effectiveness: Case of
Morocco,” International Journal of Interactive Mobile Technologies (iJIM), vol. 18, no. 1,
pp. 133-149, 2024, doi: 10.3991/ijim.v18i01.46309.

[2] T.Kabudi, I. Pappas, and D. H. Olsen, “Al-enabled adaptive learning systems: A
systematic mapping of the literature,” Computers and Education: Artificial Intelligence,
vol. 2, Art. no. 100017, 2021, doi: 10.1016/j.caeai.2021.100017.

[3] N. Kara and N. Sevim, “Adaptive learning systems: Beyond teaching machines,”
Contemporary Educational Technology, vol. 4, no. 2, pp. 108-120, 2013, doi:
10.30935/cedtech/6095.

[4] T.Hug, “Micro learning and narration: Exploring possibilities of utilization of narrations
and storytelling for the designing of ‘micro units’ and didactical micro learning
arrangements,” presented at the Fourth Media in Transition Conf., MIT, Cambridge, MA,
USA, May 2005.

[5] T.Hugand N. Friesen, “Outline of a microlearning agenda,” in Didactics of
Microlearning: Concepts, Discourses and Examples, T. Hug, Ed. Miinster, Germany:
Waxmann, 2007, pp. 15-31.

[6] L. Buchem and H. Hamelmann, “Microlearning: A strategy for ongoing professional
development,” eLearning Papers, no. 21, pp. 1-15, 2010.

[71 M. . Dolasinski and J. Reynolds, “Microlearning: A new learning model,” Journal of
Hospitality & Tourism Research, vol. 44, no. 3, pp. 551-561, 2020.

983



[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Agilal) Adajal) Ll Juuans B sl ad) alast i

J. C. De Gagne, H. K. Park, K. Hall, A. Woodward, S. Yamane, and S. S. Kim,
“Microlearning in health professions education: Scoping review,” JMIR Medical
Education, vol. 5, no. 2, Art. no. €13997, 2019.

C. Wang, M. Bakhet, D. Roberts, S. Gnani, and A. El-Osta, “The efficacy of microlearning
in improving self-care capability: A systematic review of the literature,” Public Health,
vol. 186, pp. 286296, 2020.

G. M. Zambrano Zambrano and P. A. Toala Medina, “Analisis del efecto del
microaprendizaje en el desempeno académico de los estudiantes de la Unidad Educativa
‘Edwin Mendoza’,” Mendive. Revista de Educacion, vol. 23, no. 2, Art. no. e4029, 2025.
M. Attia and M. Arteimi, “Adaptive e-learning system using fuzzy logic,” M.S. thesis,
Libyan Academy for Postgraduate Studies, Libya, 2021.

K. Leong, A. Sung, D. Au, and C. Blanchard, “A review of the trend of microlearning,”
Journal of Work-Applied Management, vol. 13, no. 1, pp. 88—102, 2021.

H. A. El-Sabagh, “Adaptive e-learning environment based on learning styles and its impact
on development students’ engagement,” International Journal of Educational Technology
in Higher Education, vol. 18, Art. no. 53, 2021, doi: 10.1186/s41239-021-00289-4.

I. Karagiannis and M. Satratzemi, “An adaptive mechanism for Moodle based on
automatic detection of learning styles,” Education and Information Technologies, vol. 23,
no. 3, pp. 1331-1357, 2018, doi: 10.1007/s10639-017-9663-5.

G. Sun, T. Cui, G. Beydoun, S. Chen, F. Dong, D. Xu, and J. Shen, “Towards massive data
and sparse data in adaptive micro open educational resource recommendation: A study on
semantic knowledge base construction and cold start problem,” Sustainability, vol. 9, no.
6, Art. no. 898, 2017, doi: 10.3390/su9060898.

J. Lin, G. Sun, J. Shen, T. Cui, P. Yu, D. Xu, et al., “A survey of segmentation annotation
and recommendation techniques in micro learning for next generation of OER,” in Proc.
IEEE 23rd Int. Conf. Computer Supported Cooperative Work in Design (CSCWD), 2019,
pp. 152-157.

W. Hamidi, S. Ziti, and Y. Z. Seghroucheni, “Al-powered adaptive microlearning: The
logical evolution of online learning systems,” in Digital Technologies and Applications
(Lecture Notes in Networks and Systems, vol. 1641), S. Motahhir, B. Bossoufi, and J. M.
Guerrero, Eds. Cham, Switzerland: Springer, 2026, doi: 10.1007/978-3-032-06061-7 21.
R. Salhab and M. M. Aboushi, “Impact of Al-assisted microlearning on student
engagement in an online environment in higher education,” Frontiers in Education, vol.
11, Art. no. 1766032, 2026, doi: 10.3389/feduc.2026.1766032.

J. D. Novak, “Concept mapping: A useful tool for science education,” Journal of Research
in Science Teaching, vol. 27, no. 10, pp. 937-949, 1990, doi: 10.1002/tea.3660271003.

J. D. Novak and A. J. Caiias, “The theory underlying concept maps and how to construct
and use them,” Florida Inst. for Human and Machine Cognition, Pensacola, FL, USA,
Tech. Rep. IHMC CmapTools 2006-01 Rev 01-2008, 2008.

S.-S. Tseng, P.-C. Sue, J.-M. Su, J.-F. Weng, and W.-N. Tsai, “A new approach for
constructing the concept map,” Computers & Education, vol. 49, no. 3, pp. 691-707, 2007.
Y. Pang, N. Wang, Y. Zhang, et al., “Prerequisite-related MOOC recommendation on
learning path locating,” Computational Social Networks, vol. 6, no. 1, pp. 1-16, 2019, doi:
10.1186/s40649-019-0065-2.

A. Chanaa and N.-E. El Faddouli, “Prerequisites-based course recommendation:
Recommending learning objects using concept prerequisites and metadata matching,”
Smart Learning Environments, vol. 11, Art. no. 16, 2024, doi: 10.1186/s40561-024-00301-
0.

R. Manrique, B. Pereira, and O. Marifo, “Exploring knowledge graphs for the
identification of concept prerequisites,” Smart Learning Environments, vol. 6, no. 1, pp. 1—-
18, 2019, doi: 10.1186/s40561-019-0104-3.

984



[25]

[26]

[27]
(28]

[29]
[30]

[31]

[32]

Agilal) Adajal) Ll Juuans B sl ad) alast i

T. Krahn, R. Kuo, and M. Chang, “Personalized study guide: A Moodle plug-in generating
personal learning path for students,” in Augmented Intelligence and Intelligent Tutoring
Systems (ITS 2023), LNCS vol. 13891, C. Frasson, P. Mylonas, and C. Troussas, Eds.
Cham, Switzerland: Springer, 2023, pp. 333-341, doi: 10.1007/978-3-031-32883-1_30.
A. Zabolotskikh, A. Zabolotskikh, T. Dugina, and D. Tavberidze, “Creating individual
learning paths in the Moodle plugin for undergraduate students to study English grammar,
Education and Information Technologies, vol. 26, no. 1, pp. 617-637, 2021, doi:
10.1007/s10639-020-10278-1.

J. Sweller, “Cognitive load during problem solving: Effects on learning,” Cognitive
Science, vol. 12, no. 2, pp. 257-285, 1988.

R. E. Mayer, Multimedia Learning, 2nd ed. Cambridge, U.K.: Cambridge Univ. Press,
2009.

B. S. Bloom, “Learning for mastery,” Evaluation Comment, vol. 1, no. 2, pp. 1-12, 1968.
W. R. Shadish, T. D. Cook, and D. T. Campbell, Experimental and Quasi-Experimental
Designs for Generalized Causal Inference. Boston, MA, USA: Houghton Mifflin, 2002.
M. Delacre, D. Lakens, and C. Leys, “Why psychologists should by default use Welch’s t-
test instead of Student’s t-test,” International Review of Social Psychology, vol. 30, no. 1,
pp. 92-101, 2017.

J. Cohen, Statistical Power Analysis for the Behavioral Sciences, 2nd ed. Hillsdale, NJ,
USA: Lawrence Erlbaum Associates, 1988.

2

985



