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Abstract: Although educational mobile applications (apps) integrated with artificial intelligence (Al)
functions are expanding recently, it becomes more difficult for learners to find and consume mobile apps
suitable for them amidst the flood of resources. Focusing on Al-embedded language learning apps, this
study aims to design and evaluate the effect of a personalized recommender system based on learning
styles. The recommender system proposed in this study was developed through three stages based on
the learning style theory by Felder and Silverman. In the first step ‘database construction’, we selected
16 language apps with Al functions, and collected data on learning styles and learners’ satisfaction with
apps from 40 adult learners. In the second step ‘recommendation mechanism development’, we used the
collaborative filtering method to cluster learning styles and to derive the recommendation mechanism.
In the last step “performance evaluation’, we calculated the mean absolute error (MAE) between the app
satisfaction data of actual learners and the predicted satisfaction scores. The results indicated that the
learning styles-based recommendation mechanism proposed in this study showed a prediction accuracy
rate of 83.33% for learners’ app satisfaction. The contribution of this study is that it proposes a new
recommendation method based on the learning styles in relation to the personalized recommendation
system for education, which has been lacking in research.

Keywords: Artificial Intelligence (AI), Educational Mobile Apps, Learning Styles, Recommender
System
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of Learning Style(ILS)E 7HstQlaL, o] %o A& A= eot B es S ATH11].

[¥ 1] EF 5ok 48 279

[Table 1] Representative Frames of Learning Styles

Researcher Components Learning Styles

Concrete experience (Feeling) Accommodating (feel & do)

Kolb (1985) Abstract conceptualization (Thinking) Assimilating (think & watch)
Reflective observation (Watching) Diverging (feel & watch)
Active experimentation (Doing) Converging (think & do)
. Dependent vs. Independent
Grasha & Reichman .\ .
(1974) Cognitive & Affective Competitive vs. Collaborative
Avoidant vs. Participative
Perception Sensing vs. Intuitive
Felder & Silverman Input Visual vs. Verbal
(1988) Processing Active vs. Reflective
Understanding Sequential vs. Global
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[Fig. 1] Proposed Recommender System Design Stages
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[Table 2] Al-integrated Language Learning Applications

App Coding App Name App Coding App Name
Appl Duolingo App2 Opic up
App3 Bigple App4 Elsa English Speaking
App5 Riid Tutor Appb Plang
App7 Youbot China App8 Ef Hello
App9 Memrise Appl0 Rosetta Stone
Appll Youbot English Speaking Appl2 Cake
Appl3 Al Tutor Appl4 Andy English Bot
Appl5 Super Chinese Appl6 Mondly
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[Table 3] Learning Style Dimensions by Felder-Silverman

Dimension Learning Style Definition
) Sensing (S) Learn facts
Perception —
Intuitive (I) Learn concepts
Visual (L) Require pictures
Input - -
Verbal (B) Require reading
Processin Active (A) Do it
£ Reflective (R) Think about it
S tial Step by st
Understanding cquential (Q) <.3p y P
Global (G) Big picture
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[Table 4] The Distribution of Participants based on Learning Styles

Learning Style ASLG AIBG ASBQ ASLQ
Number of Instance 8 0 1 5

Learning Style ASBG AILG AIBQ AILQ
Number of Instance 0 2 0 3

Learning Style RSLQ RIBQ RSBG RSLG
Number of Instance 6 0 2 9

Learning Style RSBQ RILQ RIBG RILQ
Number of Instance 0 2 0 2
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[ 5] dlele] 4

[Table 5] Data Composition

Number of Instance
Group Distribution Data Number of Learners (Learner® Number of
Application Used)
Actual Learner Group 9 39 39*4=156
Data Simulation Group 7 14 14*4=56
Total 16 53 53*%4=212
322 FARE Alat
S TR 7k stgae ATEANE 547 sy 24 4w 9 dax
<o AR7E AE dHolgHolxoltt. ol olgd 7 ggAte] FAEE Alvtskar
#H24 o]% FwH(K-Nearest-Neighborhood, KNN) 24i8]FS o] €3] FHS st
sheraa 24 duwe Q) AEE ARE B B $ARES A4 Uwee Aoy o
Aoz FAEAT. FAIE SAHALNLS 7P wo] &849= FEFY = 72 (Euclidean
Distance)S 7]¥Fo. & &} =218 v P}
2
= \/(xz —x)? + (v, — ) (1)

[32 6] T2 71k 9 FHY2E

[Table 6] Learning Styles-based App Recommendation List

Learning Style Types Ist 2nd 3rd

ASLG APP3 APP2 APP10
ASLQ APP6 APP7 APP2
AILG APP16 APP4 APP2
AILQ APP7 APPS

RSLQ APP16 APP9 APPI1
RSBG APP12 APP1 APP6
RSLG APP9 APP13 APP2
RILQ APP10 APP12 APP13
RILG APP15

B& A8 FX AAA (43 G B9 A9 o2 U & o

z =

AgAY B 9 MEE JUE MPOR BE A HEEE o5

AzEs} e Nle o= e AgAAA FA WiEE AHSAT B AT

TopNE 302 445t 53 HE WEE FHNM 3% ol¥e HEE A AL
= O

Fstazar skglvk. iRk, sk 1dA(HelH o] 2 FE)e A ojn] AET YES
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[Table 7] MAE Results
Recommended Actual
LS-Type User APP o o MAE
prediction score satisfaction score

uo4 APP10 4.00 4.00 .00
ASLG

u10 APP3 3.10 3.25 A5
ASLQ U21 APP7 4.25 4.00 25
AILG Ul4 APP16 4.65 435 30
AILQ U3s APPS 3.10 3.60 .50

Uleé APP9 3.85 420 35
RSLQ

U30 APP16 4.20 3.90 .30
RSBG U23 APPO1 3.85 4.00 15

ul12 APPI13 4.20 3.40 .80
RSLG

U31 APP09 4.50 4.35 15
RILQ U38 APP10 4.30 3.60 .70
RILG uo3 APP15 3.10 3.40 .30
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A, & ATA FHI shEA 7N FHAIAE 0] StEake] A4 ) MSEE

A5 F e AoEZ UeEth IE5AEE FRHYZEMAN =EH S dFUt
AAZ ARES § F7HE APtk Ao Al FHd FHAA2E o5 A
be] HAddeas Sl 2 AFolA Ae FHA|AElO] 5t i whESEof A
83.33%° #2 o5 AFES AL de Aew: yewth As7bA Felderst
Silverman®] St5F2 o2 {1 V|Wke] SEfACAM SEIRl=E FHsk= AAVE

Fatollar3], Bt sk f1%k  Fdel Wi A= mEekalth & Aol =
sk st ASAFES detste] Sl AAl AREEHA FAE TR F2
A Es 7Fd Aolgfa o

A7 71Ee 9 Bl o Tolz FAL oA =k sk 2 Al ZuE S57A
g FHAZDY WA ks FelA oot dn

42 AHd L AA

B AT ARG o] wE 5 ATE Adskd vad 2 3A, 2 de
A Ry G E Ryt FHAAES AAs T Al @AZE Atk
459 stEollA gsa Trad 752 A (Static)¥} 5% (Dynamic) &2 Uim 5 QT
44 U2 shaAe SEd, dEEl, AA S5-I 22 i SAS Thitew
2ade A3 o= gk 5A4S vE SAS] geA T4 uedEs
Al vl Ewol "nk vbd 2 R ShgAe] Sedes AAeR F45o]
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olgldt 5AE& 7Ivtem AR = k= FdEE AN 5 dgddAE
AHQ ARES ofyet gFake] § &8 PedHS BEE FAs] 49 HHE
F7rete] BrEd ) FHA"E AAT et v
A, & A7 oA #7h Aol Aud ¢ FH viAUSE =FCl dAE AL
Ark. stEA 7F Bk ekl A AEEE FEs wdskA ks F3
Aol dFe U, & AFME gEA o BHoR 671K B St gl
dolej7} £ HA] &= ol sl E7%A ¥ S $A4 dHolH
AlEHolAE Sl FHUXES E=ESIAN, doly Algdeld Hae @A FHE
J&skz] el Aol AgHlone AA oA 7Nt Heolg ek Aol7t & 4 vk
T& ArelM = Folate] 5 Sd9A EE shadd Adel SEAE EFEe By
Adorgt FHol oFoxEE & dart vk vEel & Aol 20-30thHe] A<
steabe WdeR dHelHHolas FHENoY, & Agelds e d"oe
skt A TAsta ARl wE B4E FUtE Adskd mu o Aud /pdst
F3lo] 7hed Ao m ARkt
AR, 2 Al AlkE FHALES AL 7lwe] HAE ofsts f we
Ao r splonw, e FA gao] f F3Hol HEshrldd= Aol & 5 AUtk
whEba] 2 Aol A AlQtE FRAI2E A We] ol o]ele] thE FAl F 9
sl A8 7hedA 5 ATE Fd HSE ot vk olE AR =
wekal @ Ay aEsh Aah BESHlY Sk vk AR WS E
FAANEEES At O mdES ATt Al ot gy ol &
HlolgHlo]~g Fs) HAR ohgatel skl A )

5. ) 2

o oEES 20209 AR (HEAHREA)O AdoR gmdATATe] A dS jro}
T3 AU No. 2020R1IF1A1073469). & =32 Al Ax}o] AALEHY] =&ES vlgo=w
_]

o L
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