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This research has four main objectives which include 1 ) to synthesize specific
characteristics of three computer curricula, which are Computer Science (CS), Information
Technology (IT), and Web Programming and Security (WEB) of the Department of Computer,
Rajabhat Chiang Mai University, 2) to synthesize learner characteristics, 3) to design and develop
the Computer's Course Guidance System based on Learner Characteristic Analysis by Ontology or
the CCL-Guidance System, and 4 ) to assess the satisfaction of accessing the CCL-Guidance
System. This research has four main research tools, which are computer course ontology, learner
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sample in accessing the CCL-Guidance System. The research results reveal that the Computer
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1?2

2) ldaa1veq Slot

(1) fmua slot 92 laaeg lsaslal1d?

@) awasgiunall

| String B Number
M Boolean B Enumeration
| Instance

o %}N instances

(Create Instances)

#NAIEN19NT T3 instance 6?}E] african_elephant c’fiuﬂu
instance U89 class elephant

1) High: 400 cm

2) Weight: 6,500 Kg

3) Eat: fruit, leaf (instance of food class)

4) Behavior: aggressive

5) Kind: Herbivore (instance of animal_type class)

e Noy & McGuinness, 2001; Buranarach, 2016
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http://smi-web.stanford.edu/people/noy
http://www.ksl.stanford.edu/people/dlm

2.42 munieuesnInlag (Definition Ontology Language)

18

) o o o v o d @
M IMTUMsiauIean Inlag WUINAUANHULUATANUAUNUTUDIING

A g & 1 A Y o % ¥ = '
Wi@ﬂlﬂy‘ﬂcﬁﬂﬂgiumE]']JL"UGWI!?W]ENﬂ15§]$1/‘|ﬁ!114']f]\1ﬂﬂ3']%§ GINﬁ"liJ'I5ﬂLL1JQG]'IiJ§1JLL°]J1JEU?J\3ﬂ1B1

18 3 uyy Ao First order logic based, Frame logic based (L2 Web based Taouaae 3 INSTRY

A15003118 18 (Welty, 2005; Gasonpan, 2012) #an13199 2.3

3190 2.3 1uvvvesmmdmsuteesyInlas 3 3uny

suuwummn .
- - AGEHTRY,
Henweoulnlad
First Order | 3UuuumuinesuigeauInlad lasmsldassnzimonseyuiuniiuglasl
Logic Based | G7113znou D NINUEAI (Predicate) 915N UNUA (Argument) HagAIL9Tu1a

wa { o a v o &

(Quantifier) AMUENUAVOINIHI0OU N TagNWM LMDV IAIUE Ao NNeFUWNUT
@ I~/ Y Y

(Syntax) a2 Fanu nazligdovuiduniems 3eawisoaiengoyuinla

(Reference Rule) 798190181 1354 CYCL, CLASSIC, LOOM tiludu

Frame Logic

{ a @ a a Aav o o 4
sUnuumnesieoou Inlad Tasldnannisvesnmsanidal jaunusve swyus

A =2 = o A A A o o ' o a A 2
IHOUNANING 1’7jaﬁ\ﬂ;ﬂﬁ]3!,5]59Niﬂﬂﬂuﬂmaﬂymglﬂu"uﬂﬂjﬂq‘Vij@ﬁ\iuu W\Iill

Based
A < <3
(Frame) 3915znov 1fao 1vauesnmauiia (Attribute) ¥30 daoa (Slot) uag uda
(Facets) Anaruiinveunsua As 1ihlalddie dredrsmunianwnmsuue
131 OKBC, F-Logic
H a = ' -7 { o o a o d
Web Based | siuyumpiiiesuieeonInTasdaiamnvinaunlddmivesueninensuuiy
Aa ' I~
mendienld laun RDF, RDFS tag OWL (Hudu
(Obitko, 2007a; V55139 31301174I0A, 2555)
& N P o E3 . . &
Resource | [umuuralasaasagnwauivulag World Wide Web Consortium (W3C) 111
Description | ¥193314713119100711 XML 2181 RDF 931403110 Metadata Tudnuaizvosnaa
9
wa ] o
Framework (Class) UazAUANUAVDIAAN (Property) ¥8n91nHA1Y1 RDF i uuuusiaoa
Y A a o Y 1< 2 A J . . =
(RDF) dJoyariooTulenudnyuzyedeyatlugiilss Tendaisendn Triplelag Triple §

¢ o X
23AlsZNOUAIN

1) Subject Ain AINABINTOTLNY

2) Predicate 710 ﬂmauﬁamm Subject

. A . A v wa ada va &
3) Object #30 Literal 10 A1v0InMANLA IUNTANTAv0Iuavimiuvesnaid
. = ' wa 1 . A wa o v v

lanaanilazEona1voenuauiiai Object Tunstinamvosguantialluda onys

92i38A7 Literal
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A ) v A = 1
AT NN 2.3 g*ﬂgm‘ummmmmmuuamaauiﬂaﬂ 3 g‘]JLL‘U‘U (919)

sUupumn .
MeBing
Hiegnaeoulnlad

[ 1

A % a <3|
Resource | niyrlumsesuieIaseaivvestoyaluvenua smseSuieainanziu

@

O o oo wa ' o J v 4
Description | pisifsaunaaaluveonug deslinmauiia oe1els Innudunusiuaadon
y 9
Framework | 54195 ms@uneanuantiannaaiauiodns lsnstidssudadonnua

Schemas | 4,7y 5faupaARIEA0 19U MTTUNIZINIZD9 Domain 1AL Range Y84 Property
(RDFS)

Y
HAU

ca

I 1 a a o @
(Web | flumminldesiienana guaviavesnald wazny duwus laguen

[

Ontology | aaidnbaIzY0nA1d019AZID8AA 19N RDF Loz RDFS taziiums 19

s 4 o
Language | 55501)52 Togivoaamaunuaonuviue Usznoudisossnlss Tewiuea

(OWL) | property, Restricts Class 11gn15ANS1UIUUDA Property

1 : Welty, 2005; Gasonpan, 2012

<Y 4 Y
9350152 TerIAMUMIAOANUNNIBVDINIHT OWL (Gasonpan, 2012) sznou a2
o o
03550152 Toyiives Property, Restricts Class HagN13ANIIUIUVON Property
4
1) 93550152 lexives Property
A Yt 4 < = Y =
Property %Qﬂumu”mu Domain I8¢ Range wWunaia 2 AaaneaINIT01994
@ YR 4 1 Yo dy
Aulasae350se Teariueg Property @13sauiisenn laaail

1.1) Inverse Property Ao N1sN Property ELE Property 3¢ 61 Domain LAY
Range Y9N ULAZAY

1.2) Symmetric Property Ao miﬁﬁfiuﬂﬂmﬁnﬁaﬂlﬂﬂ Property 9% Domain
1182 Range dUUNATNUOA TUNA

1.3) Transitive Property A9 N3 UAAMANLIAUDY Property M@ 115081909

D) o . A . A i v 2 g
Range LRERSIEE Triple oulay Range Y®4 Transitive Property milu voq Triple nanuuilu
Domain UY899n1HY Triple
. A a d' 1 9y = 1

1.4) Functional Property 1® N13U8IN Property NA1 UYDI Range IAustieen
=2 = ' A a J A J 1%
MY ¥1NU Range W81 Lﬂﬁi’Nﬂi’)iJW’Jmi’)ﬁ’ii’fﬂﬂSLLﬂSlI’IJSsz‘ﬂ@]i]SﬁﬁJﬁﬂi’]Hiﬂu]lﬂIﬂﬂ

)
[ A Y I (Y o
97 113771 Range 11ia 1M1 U Instance AIABINY



20

1.5) Inverse Functional Property Ao MIHEY Property AA1U99 Domain IALLA
~ 1A = . 1 A a J A 4
IWEIAULAYIITNY Domain 1’?a']fJﬂ']LﬂiﬁJQﬂ@ﬂW?L@]ﬂiﬁﬁﬂTﬂi!LﬂiuﬂigQﬂ@]%%ﬁ'ﬁﬂiﬂﬂuiﬂu

9 o a1 . v g I v A @
"lﬂiﬂaaﬂiuwm Domain mmumﬂu Instance AAAYINU

0’ . .
2) 0550152 Tow1 U4 Restriction Class
2.1) All Value From fip M3fnuansau1iaue Property tWo 11 Range NnfT
Y I a A o
wasuiluaunvesnaanmvua
2.2) Some Value From Aomsfnuanaiauiiaved Property 1011 Range 0619
9 & 1 g a A o
weenilsnndumnFnvesnaranmiviua

2.3) Has Value A9N15521A1UB4 Property LUVTUNIZIDIZ

4 o
3) 0350152 TowiveaMInIVALTIUIU Property
3.1) Cardinality i® M3FUUATIUIU Property Neungadl la
. i, i, A ° o Ay A = 2y g
3.2) Min Cardinality A9 N1INIHUAIIUIU Property %uaﬂmjﬂ‘wmmmu%
F9eu150 19 1510 Max Cardinality
3.3) Max Cardinality 19 N1391MUATIUIU Property NuIngafe1m1sod 14

Faa 115019 145907 Min Cardinality

2.4.3 mavannesuInlagdleldsunsuneniiames (Ontology-based Application

Development)

L
2.4.3.1 AUADANUNINY (The Semantic Web)

A d A A A g ] 3 A9 =
malulagNudoaNuivIersoma 1ulagdy 3.0 Wudunvsyal

U

tﬂ' v Q' d%’ % A ] a . d’ o 1
ﬂ1il“lf’é]3JIEJ\1ﬂu3J1ﬂElQGUu 611!'(3ﬂ‘Hﬂ!%"ll’é]ﬁlﬂi’é)"lﬂﬂl“lﬂﬂ’ﬂhﬁlﬂﬂ (Semantic Network) Lwauﬂﬂg

@ A A A 2 1 % v A
ﬂ’]'iW@lu’liﬂ3&Lﬂﬁﬂﬂi$ﬂﬂ@l1ﬂﬂﬂ')’]iJ"]f’lﬂluﬂa'lﬂll']ﬂﬂQﬂlu LYY Iﬂi!lﬂin@ﬁllﬂu@%ﬂiﬂg

E]

Yy 9 A

a I a
(Intelligent Agent) miﬁuaumagaﬂmmmmmwma (Semantic Search) Wudu Taainaain
Ao 4 % I ) o
MIAUAIALITIVDIDIANT W3C (WWW.Consortium) cdm‘ﬂué’ﬂmmmmgmiumswmm
3 d a 9 S A [ 4 .
A lad TseTuielassaivannlasnssuveadvdennunuielunsaziawes (Semantic
Web Architecture) (Obitko, 2007a; Buranarach, 2016) sanaaaluzilil 2.1 §seFure510azid0a

] Y
vouaaztaeos 3 1uasen 2.4 aane 1l



A3 19N 2.4 51882108AFD11TNINTTUUDY Semantic Web

d
oI

=S
yasvan

URI-Uniform

Resource Identifier

A o ] <3 s A A Ay = [ a =] A
ﬂ@ﬁ“lﬂuﬂm@ﬂnﬂ"l,clfﬂﬁ5@Gﬁ@ﬂ@1ﬁﬂ\?ﬂiwEJ’]ﬂi‘]Ju@uwl@ilugnW@
Y

Y < Yo 9 A
ﬁﬁ’]\?ﬂ’)ﬁJLﬂHL@ﬂﬂ’]WiWﬂﬂmﬂyjaﬂﬁ@ﬂﬂ’]ﬁ

XML ttag XML

)

= 4 3 o
Hhunasgududuly Semantic Web e 14 umsinuiuiindoya

'

< = o Y = < J
uaquunmmmmmTﬂiaﬁi1maziwazmﬂmmmnmiuunu"lcm

Schema
[ A a 9 9 Y A
g9 il lumsesuieTassadwvesdoyadumsdennunine
I ) o Y A = 9
Resource Aun s umsusseetoyadIsaumannIInEeelasadsg
9 = ) 1 H < Aq Y A A
Description 01 1319 R 819U XML 116 RDF 1192131 Framework 1149311844
1 ~ [ < 4 < o a [ Y 9 A
Framework (RDF) | 9199 fioguuiulad Tasvzinufmesuisanyuzaodoyaer e
p3U19310aZIDIAAINY VDIV 0YA
A = 9 a 9
Resource aamnleylunmsesuielaseaiiewes RDF lugiunvvesnaie
wa 1Y Iy aul
Description (Class) HazAANIAYDINAE (Property) HazANNAUNUTAII VDI

Framework Schema

(RDFS)

] I =
AATE YU Subclass, Relations, Domain, Range L‘]Juéfu Tag RDFS 22

stlunungNRINLANINIATFIUYDY RDF

Web Ontology

Language (OWL)

2 - o & ) y_ 9
L‘]Ju(ﬂ']y']ﬂi:]llﬂuﬁ31’7:]’]\1“4!@W’lm@ﬂﬁ’]nuaziﬂﬁQﬁ'i’l\?“ll@ialja ﬂa

Forann vestoya fiuAnAea 1N RDF LAz RDFS Tag OWL vz
nnurveduiiumemaitesfunedmsuruiasamdiniuissnig
Y032 OWL 981911404 Uy RDF 11a's RDFS 44 OWL 91
ANuaAI I NANANgTos M uAd199 veeteyauasd

v Y
mmamwn“lumﬁﬁammwmamm%gamﬂﬁu

Logical ttaz Proof

s A ) 2
L”I’quWﬁTn\Wli'iﬂf”ﬂﬁ'@]'iLﬁﬂi%}ﬁ1ﬁiﬂﬂ15ﬁ%}ﬁﬂ’ﬂﬂﬁ@ﬂﬂé’ﬂﬂllﬁzﬂ’ﬂh

) 9 A qu v A A Yy o
i‘lﬂﬁﬁ)xﬂﬁ]Q%ﬂﬂjﬁlgallazlv\lﬂiﬂfﬁgﬂ‘m‘iﬁﬂﬁ'uﬁaWUZﬂﬁ@ﬂﬂa@QﬂUL%@

a K}

Yov0YA

Trust

msTaAsouANIIFeloveBeNaNYIaz AN IMVEIToYAN TS

a2 (2 A A A
VINTVOIAWNUNUUYDDD

N Obitko, 2007b; Buranarach, 2016
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User Interface & Applications

—

Ontology:
Query: OWL Rule:
SPARQL RIF
RDFS '

Data interchange:
RDF

URI/IRI '

Crypto

37 2.1 aasalnens suves Semantic Web

N117: Obitko, 2007a
2432 mm‘"@msmm;&’ﬁmmmma (Semantic Knowledge Management)

4 aan g a o a 4 v a 1
quémaTuTagoiannsotinduazAouN AT HHITIA (2012) DA
' o 4 a
m mmﬁ' (Knowledge) Ao “Haajluesmsduns 1z a5 eauma (Information) JEEITERETRTR
[ Y4 = = [ Y a A ] 9 A o Y

AanudunusvosmsaumamiouRssnuaNuanlod aulanaagUidanu gndes amso
° & a 1 ] ' a @ 1 A
i lidszgndldlunsnssuaisg ae 'l Idegranuizan” vnilewasnaenasyllai dq
o W { o 1 < a ] (% 4
drag i ldaud uandeonmisaume fhe AW NAINMsAIAN HazFuATIZHIN

a d { 0 a o ) @
arsaunalnannnaunaiudeazdnaunsoir ll1Fldinadse Tomi laiues dwaaslu

3 2.2
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Connectedness Wisdom
1 Understanding
Principles
knowledge
Understanding
Patterns
Information
LInderstanding
Relations
Data *  Understanding

i 2.2 anlansuueanug (Knowledge Spectrum)

A 4 Aa g a o a 4 1 a
nu: fjf‘L!EJWIﬂTuIa‘(’J’(’]!aﬂ‘l/ﬁ@uﬂﬁlla%ﬂ@ﬂW’Jm@ﬂlWﬂ%W@ ,2012

T A

sUupvvesmsiamsanud ludagiumia 185l 2 Uszianlng Ao

o Y o v A ¥ ..
1) N1TIANTTAITHINTALII VIO mmgm‘ﬁﬁmz (EXphClt

] 1 Y] < A 9 9 A 9 A
Knowledge) Nﬂ@giugﬂllﬂﬂm@ﬁﬂ’]ﬁﬂﬂlﬂﬂ HAagHdUAUYDYAIINIDNTT 15D J1UUDYanuoy

U

o YA 1 9 A YA o X
2) ﬂTﬁ%ﬂﬂTﬁﬂ’J’]N}:‘ﬂ“ﬁ@utﬁu YIo ﬂ')”lllg‘ﬂ@gcluglauﬂﬂﬁ (Tacit

=i

Knowledge) 1inoglusdunvvesmsaduaiuldinanisiudin aeneadoyaniuiveunay

Yo YA ' a 3 A aa 3 9
uﬂﬂﬁiﬁﬂﬂﬁj@u LU Gluqﬁ]ﬂllﬂﬂﬂl@ﬂﬂ’]ﬁlﬂlﬂuﬂa@ﬂ 13Iv N Lﬂuﬁu

o 9 A =2 o Yq
NITIANTIAITNILIBIANNNNIY w,ﬂugﬂgmumﬁ%ﬂmimmg"luaﬂ

[
=1

! { v s o a 4
gunuuwmil Mjadumssamnuesaanu i nansni U ldauluTdsunsuaeuiuaes 14 Tu
Y o o a J A = =2 an & A
sdunvvesgIuaNugdmIuTsunsuneuimosnseeon 1n1ad (Ontology) HIITNITHHUIN

15 lun1saninen1s1dnszuaun15N19379n558A15 (Knowledge Engineering) 1181
9

o o Y o 1 YA ] A Y Aa
%']HJuﬁ@\iﬂ'lﬁflllﬂa\?ﬂj'lﬂgﬂuﬂg V]\?V]@flglugﬂll‘ﬂU"U@\H’E—)ﬂﬁ'ﬁ’ﬂ'l\i'ﬂ\j (Reference Documents)

U

1Az INAIFEIFIYMNIZA 191 (Domain Experts)

9
[ Y v

9 v
\1u'LJﬂTﬁi]ﬂﬂ15ﬂ31h§£%\1ﬂ’ﬂhﬁlﬂﬂ$\‘léf@ﬁﬁfﬂiN’ﬁﬂJNﬁ?ﬂﬂﬂﬂWiﬂﬂﬂ1iﬂ’)1N§ﬁ f

Y @

1199 (Explicit Knowledge) azn159an13A21m3 Nogluaayana (Tacit Knowledge) 1918281

a a @ ] 1 <] S [l 1
wininsanauismemsiauma Iuladiuud wrnuduna Tulagdiu lugas udugjariugi
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yd o g )

Y v a3
NITIANITIAITUINY ALV Glugﬂllll‘ll"’u@\iﬂ']ﬁﬂﬂlﬂULL@%%Uﬁ}umﬂuaﬂqﬂl@ﬂﬁqﬁ HTML uae

U U

[ Y A o 9

9 <3 1 I o A g ~ ~ 1 [
;‘gmmayjamﬂnﬂlﬂmmm wWuvan leumzmauqﬂﬂ 2 mmu‘nm‘i%ﬂmimmgﬂ@gﬂlum

q

d g S A o

A X < aa @ 1 <
yanau1ngaly lugdunuvesmsdieunden uazin sounadu ledmsevredean aaugi 1y
< < { @ 1 { Y a
Instagram, Facebook 1182 Twitter 1 udu luugai 3 gada ldvzgaduinsianisanuids
Q' d? tﬂ' o 1 v U tﬂld .
anunueungau o llgniswau Tdsunsuaunuiiinusynaia (Intelligent
v v Y
Agents) 1ou5e lumsilszneunnssunaz Fududoyavosd 19 1aA09UU (Buranarach et al.,

2012) Aquaad luA15199 2.5

{ o a o ] <
M5199 2.5 MmItamIanudiFinnuvune dusumalulagiiuga 1.0 - 3.0

malulad MIFAMIANNG msiszgndlfau

Web 1.0 Explicit Knowledge Management HTML Documents, Web-Database

Web 2.0 Tacit Knowledge Management Wiki, Blogs, Social Networks

Web 3.0 Semantic Knowledge Management | Intelligent Agents, Question-Answering

A 4 Aa a J a J 1 a
nu : ﬂuﬂlﬂﬂ11‘!1'@fJE]Lﬁﬂ‘ﬂﬁ@uﬂﬁllagﬂ@iJW’JWI@iLLWQGD'Tﬁ ,2012

Y o o a S A =
2.433 pruanuidminllsunsuasuiames viseoou InTadg (Ontology)

4 Aa a J a 4 1 a
quamalulagd@anniodnduaznauiamoIunIFIA (2012)
' o o a J = < J
nandagiuanuidmsullsunsuaouianes WieeeuInlad (Ontology) Hugluvuesd
mmﬁj’mwwmq (Domain Knowledge) Qﬂlﬁﬂmﬂ%ﬁ’miﬂ’nui (Knowledge Engineers) FINNY
9 A 4 = v A A Y o 9
AFe2319)MW12N 19 (Domain Experts) Tagiiithnwiendn feo e ldauisnihnnuimniz
a 4 1 o ]
1 Tllszgnd 15 luTdsunsuneuiiames lavainuatereanie awnsaieu ldedrsmna
= < @ A 4 2 2 dy 4 @ Jq ¥
RatauazuaNuuen Iudaungavuy nause Teynveansiauiazlsesgndlyau
9 o a J I @
guanuidmsulUsunsuneuiuaes onagllaitlu 4 Uszmsvdn Ao
1) 111A21080 TTAY0INTEUIUNT (Automation)
4
2) aaMIEU9IUYBY (Reduced Workloads)
3) AN U andoAana1nlunszuIUNITHIIY (Reduced
Errors)
o I
4) nsorh lduszgnaldau 1dluTdsunsunaz ssuuasaumnea
' Y 1 FY A d? e A 9 1 v ¥ Y
a9 1Apd19n3199219899U (Interoperability) tHio991Ingruanuiamnsouilu vazlgala

(Share and Reuse)
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2434 1a3eaileatiuayunItAn13AL5IFIAUNIE (Ontology

Application Management Framework: OAM)

1) ALY OAM Framework

Buranarach (2016) 1@@nu1mazesuiens 0AM 3111 u
Application Framework 11 3a91l5z arad ieansuvealdsunsumed Taodruilassuiilfam
voeq sz ldedlunuuvesserlding Tugaitlde1 18 (Reusable Module) Uszndanarluns
L%uiﬂmﬂiaﬂﬂﬂ"liis?’fmém%um“lmjnﬂﬂ% Ltazﬁﬁaﬂ“lﬁ'mﬁ@ua%’ﬂuﬂﬂﬁuﬂiu"lﬁ’dweﬁu
Tasusndaudoyaiilsuinlasn 1] (Customize) sonnnTsunsw 19y fdrun13dan (Config
File) oguon 11/31nsy Fai i TsunsufiFounsuien ansnth liszgnd 14 Idnanoaan

' Y
Tasmsasua lulndmsasa Iaauns o Sudu

o 2 i € \ 4 -
aau 0AM Juilu insesilengielunsimuiTlsunsuiszgndnlganugluns

'
a

v Aa " % Y 2 @ a o Y =
Andule (Knowledge-Based Application) 184188931 aanaiwaul lasdsuludeauion

@ o 4 { v9Y o Y
Tdsunsulumswannldsunsuduouy fiaunfieadonlesdoyaniiognuTaseadg

Y

) v 2o v o I L
doyauvueou InTad (Ontology) M11iu Aazasn 1w lilsunsuilszgnddi5agy (Application

) v : @ o
Template) Tumsitndsdoya laluvainvatsgUuny Fealulegii OAM Framework eniudiyu
o a
Tlsunsulszgnalunnuves szuuaduAuToyaFIn1uMuIY (Semantic Search System) 53111
o [ [ [ { a @
uugiidoya (Recommender System) (il uvan a3l 2.3 uaaauuiIAavoInITwaIL

Application Framework d115umawaun Tsunsuilszgnduesoou InTad (Ontology-Based

Application)
Input DB-Ontology  Knowledge User
Sources Mapping Application Interfaces &
Frameworks Applications

e L B
Database Recommendation
system —
Web \
Decision support service /
| system A
Question answering I \
system Phone
service /
Social Semantic search
media system

71U 2.3 uuIAATEI OAM
A J Aa a3 a a 4 1 a
n: gudmaTulagdannsetnduazApuiIADIHITIA , 2012
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2) maTulagnldlu OAM
Y o 4 Jd o [ Y
OAM Framework ulﬂu%]f@“l/‘lﬂlnﬁﬁ’]ﬁﬁﬂﬂ'ﬁﬂ3$3J'Jawasllﬂll”a
I~ a $ ] w o v . .
ﬂ’lﬂJﬁJ’]@‘]i§1unUL“]fﬂﬂ')’]uﬁﬂ’]ﬂﬁﬁﬂgcluﬁ%ﬂﬂu 3J']1J“5m1ﬂ15ﬂ13ﬂ1\1']uﬂu3’]'181§91} Apphcatlon
Ao 2 s ¢ o Aqy 7 aa & A A ¢
Framework NN 1Y UAUU Gﬁﬂﬂﬂlljﬁﬁaﬂﬂi'ﬂNWH (ﬂuEJW]ﬂIuIﬁﬂﬂlaﬂﬂﬁﬂuﬂﬁllagﬂﬂuwjlﬁﬂﬁ

UW9IA, 2012; Buranarach, 2016) l@in

I ) [ o
2.1) Apache Jena 13/ 4 Java Framework @ 1H S U N 15 W&l U1
4 ] a
T‘ﬂillﬂill‘ﬂ§$Qﬂ§]‘UENL’J'UWQWN?JTY?JWJ

I 1 o 1
2.2) D2RQ Wuxerdulsnlszneudronividmsunsuilag

A

9 [ o J . [
Yoyaszninalnsaindoyavedg udeyanud Ui U (Relational Database Schema) 1)

) a = o 2 . .
Guamaclmmmawouiﬂawmmmgm OWL itag RDF Schema ‘VI‘WGJJHW%‘L!I@?J University

of Berlin 1/3zimatea sy
I 4 4 o 9 a
2.3) Apache Jena TDB il uaenduasnisianisgiudoyayiia
~ o (v
RDF (RDF Database Management System) 15995 01139NUMazAUAUT0Ya RDF A180181
] I U %
SPARQL #11 Jena API 4lag Jena Fuseki Wuaiuniiaves Apache Jena)
) < ¢ ? o o
2.4) Apache Jena Inference Engine Hugsedauaridin iy
UszuramaFaey ULy agIung (Rule-based Inference Engine) N 14d m5udoyayiia

RDF (¥ 11113909 Apache Jena)

1 @ @ 1o & o a [

OAM Framework 92328 110 warnn lisuiudeainnue lums@euTlsunsufano
o P P v Ay YoM IR P o
nugodursiaiialeaued taz lisniudelinauiineanu1nsgIu RDF, SPARQL,

] 9 4 o 1 dy 1 3’, 1 1 1 d‘
OWL uam 11130 lsausenanIsmaIiig n13aa1 ludIua199es OAM Framework 3171 2.4
=\ ) 4 < a q Y

parasmsfeuieunuimemswann TlsunsuilsegnavesiumFinnumuie Taelild oam

Framework 11 M5WAU1TA8H1Y OAM Framework


http://jena.apache.org/
http://d2rq.org/
https://jena.apache.org/documentation/tdb/
https://jena.apache.org/documentation/fuseki2/
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mﬂmii’mnmmvjﬁﬁmwmﬂvim (Mitrani, Dalziel & Fitt, 1992; Spencer, M. & Spencer, M.S.,
a 4 a o o o
1993; McClelland, 1975; Boyatzis, 1982; 8 5WIA NI He, 2555; 110 NIIUAVLATIUNS
9 9
DTMINAGOU, 2548) NILAWITONAINNNHNIBVOIANTTOUE Taed i “dussous”
= [ Lﬂy . .. d’d 1 (% 9 1 9
WUIDY AU AN YU NUFIY (Underlying Characteristic) N1 ogneluaaiyanalaun awj
(Knowledge) 11 (Skill) AaIanyMz¥931AAA (Attributes) 11599319 (Motive) Uiy (Trait)
@ v a U @
aay Tusirl (Self-Concept) IUANMNAIUAY (Self-Image) YNVINNIITIAN (Social Role) Hay
a 1 . 9 L) I @ v o a oA
WOANSSN (Behavior) A9 Fegmanyuzmaiaziludawanauliyanadiusolfinau
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sznoudie mmjﬂ;’ (Knowledge) NAYE (Skill) uazﬂm’c‘fﬂymzmwwuﬂﬂa (Characteristic) 41
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2.2.4.1 ﬂ’ﬂiJWiﬂElGU’ENﬂ’JHJi}(Knowledge)
9 =2 J Wdﬂl Aa ] '
AT WHTIDI 93IAAITUINUHITU 1NT18IF 101N Gl,mmaz
o Y a a a a A =X Y Y Y ¥ o ¥
‘Viﬁﬂg@]iﬂigﬂ’f)'lJﬂ’JEJ’J“IﬂGD"WmWWLmzﬁ%ﬁﬁl‘llaﬂﬂ %Q@@Qﬂ]iiﬂﬁdliﬂuklﬂﬁﬂug A Lﬂlﬂi]
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uazii lldsegndlyla
2242 ﬂ’J”IiJﬂﬂJ”IEJlei’JQﬁﬂHS (Skill)
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2243 ﬂ’JHJWiﬂEIGUENﬂﬂ!ﬁJﬂBﬂ!%LﬂW1$uﬂﬂﬁ (Characteristic)

AUANHULMWIZYAAD WNI0DI YAann I paanyuziide 3aly

S A A Y A Y YA 1 o a 4
13U ﬁﬁ@ﬂﬂ!ﬁ'ﬂ‘ﬂ@]LﬂW']ﬁéll@\‘l@Liﬂuﬂ@]ﬂ\‘lﬂ'lﬁiﬁiJiulmaZﬁﬁﬂq@ﬁﬂﬂll“W'J!ﬂﬂi

2.6 Qmé’nymzﬁ&’ﬂmwwéﬁﬂu (Learner Characteristics)
2.6.1 nquiMmmSumsFuanzringungAnssninGe
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NYHYNHANITITNUNLTYUNNGINVATUNITLTIUIICWITTUTNINNNGHY WUF 1Y
2 ngu 1dun
2.6.1.1 Vli]EﬁW‘l{jﬂﬂJuﬂlﬂ (Multiple Intelligences)
= & IS) zil 1
VIQB%]WﬁﬂﬂJﬂJU'] U939 Dr. Howard Gardner K3UWUHITUIINNITUD

Y
adnbazauamsan1aygr 19 8 Uszns 1un (Armstrong, 2013)

1) ﬂﬂumgﬁmmm (Linguistic Intelligence)

2) fyandunssnmansuazasiamani (Logical-Mathematical
Intelligence)

3) ﬁﬂgﬂJﬂﬁHHﬁﬁﬁ WS (Visual-Spatial Intelligence)

4) ﬂa;nunﬁﬁm'nmﬂuazﬂmﬂﬁau”lm (Bodily Kinesthetic
Intelligence)

5) Tyanaruauas (Musical Intelligence)

6) ﬂﬂgﬂpﬁjmmgmﬁ’ WU (Interpersonal Intelligence)

7) yandunsinlanuea (Intrapersonal Intelligence)

8) A IUFITUWIAINGT (Naturalist Intelligence)

2.6.1.2 NYENYANTINTNITEY (Characteristics)
1) “I/]E]‘Hf] Myers-Briggs Type Indicator (MBTI)
1A anidevoq UYANAANIY Myers-Briggs (Myers-Briggs Type
Indicator: MBTI) Myers & Briggs, (2012) 181271 AUITINNAUNANIILTANUAUTUNY 4 a9

Y
ao liuanaany
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1.1) MIFWIIMIAYL AUTINIANITD
v Y A A .
1.1.1) HUIHIAUDUHIB lann1euen (Extroversion: E)
1.1.2) @IUANDANIANLIHUIAN1IA194 (Introversion: 1)
1.2) M3sudoya ausmanyileniia
1.2.1) ﬂ13§ﬂ§ﬁ}’lﬂﬁﬁﬁ$ (Sensing: S)
a X o Yy @ ..
1.2.2) ANIANUITUIAEYIUNAUE (Intuition: N)
a o o ' v A
1.3) mydsziinaaiumsal ausnInniedaay
1.3.1) @28ANUAA (Thinking: T) Tuvazi
= 2 o A Y YR .
1.3.2) BANINNUAATUAIBANI TN (Feeling: F)
1.4) MIALUFIN WInN ey
I 7 .
1.4.1) anuduszuuuaz¥eusIuSa (Judging: J)

1.4.2) dnmanniiadase lausssumnavazidlanmaden’ly

1e¥U® (Perceiving: P)
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{ a @ J|
@nﬁ’l\?ﬁ 2.12 YAanNINAINYanua9d MBTI 16 Ul‘VI‘l]EJf]EJ

VineySnuitien (SJ) | Wnl{iR (sP) | A3 (\NT) AAUMAIBY (NF)
ESTJ ESTP ENTJ ENFJ
Extroverts (E)
ESFJ ESFP ENTP ENFP
ISTJ ISTP INTJ INFJ
Introverts (I)
ISFJ ISFP INTP INFP

nn: Myers & Briggs, 2012
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= v o
2) nyuQuUNanial (Enneagram)
[ Y] d 3 14 ~ 9 R a [V a o
uwanvel \WumdaasTusianlddnuiyadndnyus idoves
o ] I v R J s 4 1 1
wybd Faiseon Iaillu 9 Usznnuanguilusnaasnlidrilsauewaz foued19dnd (Riso

=\ 4 4 4 I'4 9
& Hudson, 1997; uauilead uaz lnsd, 2545; Widuwes, 2548) laun

(% t4

Y
anwYal 1 The Perfectionist (AMITI8)

o o

anwal 2 The Giver (§1%)

@ o

an®al 3 The Performer (WNLAAY)

@ 4

. Yy 9 J.
an¥a 4 The Romantic (A3 1N9TTTA)

o 4

anwel 5 The Observer (NdNANITal)

w ¢ ! o
anwal 6 The Questioner (11n1/an1)

o ol

anyal 7 The Adventure (LNHIYNY)

o o

9
anN® 8 The Protector (mmaﬂ%ﬂuﬂ’ﬁw)

AnHal 9 The Peacemaker (é’ﬂizamh@ﬁ')

3) nuMsAono1TWaoauaus (John L. Holland’s Theory)

v

AUANHULNWIZYANAFIEINTOULINGNOIFTWAWYAANAN

a ¢ B ¢
11@%}6 Ly @]’luﬂﬂyaﬂlﬂ\iﬂﬂ‘ﬁu goaLlala AU (Career Key, 1987-2023; goaLaua, 2557)

AguA 1 UAANMNLLVI3I luAady eun11ua39 (Realistic)

9
oA a Y ¢ a 9 9
nqui 2 yaannmeny iy azanudadudlym
WENIMIANS (Investigation)

3 YAanmuuDUAale (Artistic)

]
=
=).

)}

2D oD LD
=
=D.

4 YABRNMNUV DTN FIBMAOH0Y (Social)
ngui 5 YAANMNLLUNAINANG 1 FOUNINTTILALU
a v 9 N .

NINVAUATHIND (Enterprise)

AgUN 6 YAANMNLLVTIA NI DEUIUVURY (Conventional)
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a ¢ Y a ) YA
2.6.2 NTAATICHAUNNYDIUVUIANEGANTTNUNL IS UUYDIRL IS
Y [ a v A Y
2.6.2.1 MIFATNUUUIANGANTIUUNTYUVDIRLTYY

HUDIANDANTININGoUV05 o1 (Learner Characteristic Test)

I v A a 4 ) YY) [ Aa o )
Junvuiadanganssuie lddmsuiaquanyuziidevesdizon Taegiterinisasiade

o—

o 49! 9 Y a a a ua 1 o a o Yy A g 42
Mowyuy e liaeandesnuinugaljiiamsveinguananyasidovedizsunaiuy
g‘/ J < @ @ Ao A 2’_, I 1 J

N99 ngu Fwuuiaauanyuz ddenadeiwilunuuuasdiuilszanua (Rating Scale) 3 6
521 TAeiFe991NNANTINTIUINAga Ll dangAnssudeauiganiu C.E.Osgood 1aga1

[ ] F4
mmg%ﬂ’umaagﬁgmn 0.70-1.00 (Osgood, Suci & Tannenbaum, 1957) ¥anHMULAIU

A1519% 2.13 1UVAS1EINYIZINMAT (Rating Scale) 6 5¥AY

v
a a

1359fga 139 ADUNNDIY | AoUdhiva laivss livs e

ETRE Osgood et al., 1957

= o

Femoanaoeny Yo a1 Jseaugiunni (2556) uaz graiud aml (2556) A lF

L] q

4 auv a3 [ a = Y] Y] v 1 4 ) g’/ ]
A0 UULVIANYANTTUNINATIA 6 TTAVFIUAINNUFDUUAILLA 0.78-0.96
LAy
2.622 MinsndouaUMNoIdy

o a o A 9 Ay ¥ ) °
uuqus&mﬁnumiﬂumm@Liﬂuw"l@mﬂeua 2.6.2.1 %zgﬂm"lﬂ
9 9
a a a 1
m’mtmuﬂmmwgﬁmﬁ’uﬁmmmmqngﬁammﬂﬁmmmgm Ta82A5124A1 Index of Item
a d a J A

Objective Congruence: IOC (Turner & Carlson, 2003; S1UUNT ﬁaﬂmg, 2550) IHnasnnsan
9 Aa < Y @ Y Aax o 1 woA v ]
VDIFLBYIPIYNUANUHUTDAAADINY 5 AU AIYITATUIUAIAYUUDIANNTOANADY Tagad

AR 10C 0¢521319 0.60-1.00
a 4 4 .
2.6.2.3 MsunsIzviesnilseney (Factor Analysis)

a J [ a @
fnﬁ'llﬂ31$W@\1ﬂ(ﬂ53ﬂﬂﬂm@ﬁllﬂﬂ')ﬂWﬂ@lﬂiﬁﬂl‘!ﬂﬁﬂum@\‘]é}ﬁﬂu

= =)

A g 1 9 o Ay v 2 A 1R A a g an
LW’E]L“IJL!ﬂﬁﬂ'i’)fﬂﬁf)‘ﬂ’NGU’E]ﬂ"lﬂ']ll“l/lulﬂﬁﬁNsUuiJﬂﬂ‘!ﬂ']Wﬁiﬂllll BIUNITAATIEHDY 2 15 A
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Aa 4 4 Aa o .
1) M35AATIEHIAUTZNoUITIF1599 (Exploratory Factor Analysis)
1 1 a 4 o a o
’Jﬁiiﬁ UDUINA (2557) NA1IIINSAATIEHIAYTLNOUFIFITID
I ) J 1 4 a
(Exploratory Factor Analysis: EFA) nJumimmmmzizumﬂﬂizﬂaumu‘ﬁmmmaﬁmﬂ

[ 1y 4 1 o [ 9 [P o 4 Y 1 9 ds! [ Y]
ﬂ’J'lllﬁllW‘L!‘ﬁ33‘H’JNWJLHJ3?Nl,ﬂﬂllﬂ!.l,azlliJiJﬂ']'iﬂ']ﬁuﬂ’f)\iﬂﬂi%ﬂ’f)‘iJll’Jﬂ’f)uﬁ’NﬁHW UYHDYNU

U

9 A

o a 4 AN YA o o 1% Yy 9 tg Y
doyaniiningizd nad laneamisoaatiuiudulsdunald deanaudosdulunis
AMUATUIANAUAI0E19 A0 08191108 50 NTAINT 5 NFalao 1 aauls (Hair, 1998) d M5y
) a 4 .. S o dy
Tupoulumsuns Iz (Kittipong, 2017) UAH

1.1 N5ATIF0UINNI NS A AN N UT Iz I19a 050U
a 4 4 U Aaaa EX =)
AATIEHBIA Useneu Tagmananlslumsnsivasy Ao

.. Y 1 a J
1.1.1) Bartlett’s test of Sphericity (l¥nadauauunsnailu
[ d A 1
lenanyaivIe i)
1.1.2) Kaiser-Meyer-Olkin Measure of Sampling Adequacy
MsA) mn'ld (80 vulaldunn: 70-.79 @ .60-.69 1huna1e: .50-.59 1oe; @1nI1 .50 45 1a'ld)

1.2) 130N5MINATIHaIMITZN0Y (Select Factor Extraction)
12.)n15As1gddrulsenon §17 ) (Principal
Component Analysis: PCA) : IiTi@uuagiunizae
12.2) N1531A318 W0 4A1) 52 N0 1591 (Common Factor
. = 1 =3
Analysis: CA): §9110520191n@A
1.3) MHUUATIUIU Factor 1agNAIT
1 I @ 1 3‘4
1.3.1) A1 Eigen Values (Variance) 1WuAIU9NI1 Factor WU
@4 Information @y 1nteea 1y
1.3.2) Screen Plot of Eigen Values
1.3.3) Goodness of Model Fit
1.4) 1aen Original variables laluusag Factor
1.5) Rotate Axis of Factor ¥ )) U1tN U Y4 Factor tW 0 1H 1800
.. . ' ' Y
Original Variables laluuaag Factor 1A
as 1 I~ ax 9 ]
Amsvyuunuutsesndu 2 35 laun
9
1.5.1) Orthogonal Rotation UM snaUuAULLILAIRIN

o a 1 7 { I A 1w .
Mruatisnesndlseneun lanludaszaont 92 14 1 Rotated Factor Matrix (Structural)
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1.5.1.1) Varimax (Kaiser)

1.5.1.2) Quartimax

1.5.1.3) Equimax

I
1.5.2) Oblique Factor Rotation 13 14115 # YUUDULD DY
Y an . .. o a 1 4 A 9y o @ Jd o
UNauady15 Direct Oblimin ﬂ'lﬁuﬂufﬂll’ﬂf)\iﬂﬂiZﬂfJ‘U“VIllﬂllﬂ'J'liJﬁﬂJWU‘ﬁﬂu‘ﬂz
"lﬁl Factor Matrix "lﬁll,!ﬂ' 2 Rotated Pattern Matrix Q% Structural Matrix
1.6) MsUsziunaznsuilawa Factor

Click Analyze -> Data Reduction -> Factor...

{ ~ a J @
GﬂiNﬁ 2.14 L‘]_EEJUL'VIEJ‘]Jﬂ13’JLﬂ51$‘W EFA nU CFA

MINATIZH EFA MINAIIZH CFA
% d' ) a d v (= = @ =\ a % =
1) dawlsminndnszias ilingud D awilsinseunnuaaray Hiol
dy v @ [ a [ o’d‘ % (] dy %
109K AITAIU NangINB3EINUNTAUBLILIDINAY

o 7 1 Ao 1 o 4 o Yy 9
2) miwIuesndszapunivwmla | 2) mmumﬂﬂ‘izﬂaugﬂﬂmuﬂ"hum

3) MWVVURUANVFURUFTEN 967 3) IMIMHUAANNTURUTTEHI
Usznevunudwlsdunald panilszneunudlsduna 13uda
4) aanlsdunatanudunusiuaa 4) dm)sdunalannduNusAuU19a

Usznovulanla sz neuminiy

NW: AR & TS, 2555

a 4 4 a ]
2) MIAATIZHOINUTLNOUFIEUTU (Confirmative Factor Analysis)

~ a 4

gauna 93¢ 190, aunIa 1903331 uaz 3¥HYa Agy ayny e
[ 1 I o
(2554) na1391 Confirmative Factor Analysis (CFA) uJuﬂ1s?iuaummgnﬁ'@wmaummaz
a 1 v 4 1 [ 2’, g’/
sz15iun Parameters ¥97310 512103510 TA590519v0AUMININOU AIHUTUADUNS
a 4 o a A v Y [ dy
Anszvientsenoudaauduals Tdsunsy LISREL a9i
. = o 4 Y @ [ k2
2.1) Review Nguanuduwusvesamlsuduazalsdunala
2.2) MuUATUAAITINGYE (Model Conceptualization)
2.3) NanmIaseaiailszneu (Factor Diagram Construction)
2.4) Myvualumamnie (Model Specification)

2.5) szyanuiluldnufervesTuea (Model Identification)
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2.6) UszanaAmIm13151003 (Parameter Estimate)

2.7) ATNAVUANUADANADIUDI TuAanutoyaiFalsziny
(Assessment of Model Fit)

2.8) 150 Tuea (Model Modification)

2.9) A5AOUANNATIVEI TuAanudoyadungy (Model Cross-

Validation)
a P a I v o A Y A .
HANISAATIEHNABINTU NI UBUATLSTN 7D Illlﬂaﬂ')’]llﬁ@ﬂﬂa'ﬂ\‘] naunau (Fit)
o 9 a v Jd A 1 a 4 1 .
ﬂUﬂl@yjﬁl%QﬂiZﬂﬂEﬁﬁ'ﬂqu Tﬂ8ﬂ133Lﬂ§1$Wﬂ1ﬂIﬂﬁllﬂiﬂJ LISREL 3&L1e¥94A1 Goodness of Fit

L. & /e o Yo = Y
Statistics NN NIN laan15199 2.15 Usenovuaie

H J 1
Q139N 2.15 UAAUNUNUDIAN Goodness of Fit Statistics

U

IS) £ % J
FHAITNADAAADI NN

1. Absolute Fit Indices

Chi-Square ( y?) P<0.05
22 /df 72df <5
RMSEA < 0.08

GFI > 0.90

2. Comparative Fit Indices

CFI = 0.90
NFI = 0.90
NNFI = 0.90
3. Parsimonious Fit Indices
PGFI = 0.50
PNFI = 0.50
AIC AlC, g < AIC, mated
CAIC CAIC,_ 4, < CAIC

model saturated

N gauna 939154 tag Auy, 2554
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mnlianuruendionas

9 1 1 = 1% Y] a
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2.7.2 TUABUMSAMVUTIUMINANNNIND D

= o ad ) v =X o '
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LCGD-Test Items before Items after LCGD-Test Items before Items after
10C 10C 10C 10C
LCGD1-Test 15 3 LCGD6-Test 16 18
LCGD2-Test 15 5 LCGD7-Test 17 17
LCGD3-Test 15 8 LCGD8-Test 16 15
LCGD4-Test 13 3 LCGD9-Test 15 16
LCGDS5-Test 15 10 Total 138 97

Qe

{ 1 an a 4 s
UAOUN 2 ﬂTi‘H1ﬂTVINﬁﬂﬂﬁ}’lﬂﬂﬁ’llﬂﬁgﬁﬂﬂﬂﬂigﬂf)‘iJ (Factor Analysis)

=

a e &7 a 3
5N 1zvienlsznoull 2 Yuaoufo 1) Exploratory Factor Analysis: EFA

1ag 2) Confirmatory Factor Analysis: CFA Tagnqunaaodnldd1viunadouuunia

o 1

v a o 4 o a 4 A o 1 1 1 {
ﬂmaﬂymzuamﬁammmmﬂ;’ﬂ%mmmemmz Factor 491U73U 2 ﬂqull@g]jllﬂ ﬂq&l‘ﬁ 1

" v

= J J o I v A % o = = U
13NN ﬂqumﬂﬁaumiamﬂuumiau%u U.6 1UIU 410 AN ‘]J'igﬂﬁ)‘U@’JfJ IiQLiEJHL’JEJQTJHﬂW

o o

a = 1 =\ o =~ = A da dy
Iy ’éJ.L’JEN’]JHﬂ1 VUBYITIY 3T1UIU 90 AN Iiﬁ!iﬂun&lﬂlﬁ]ﬂﬂ’)‘lﬂ&ﬂ 9.8 3.1 U 1UIU 90

U

~ Y Y a 4 9 ' o = 2y a @
AU Iiﬂliﬂuﬁﬁﬂh13ﬂ61ﬂn D.1IYUT DUNT TUIU 70 AU I‘Nﬁﬂuﬂ‘ilﬂﬂWﬂEﬂ i].’stﬂl‘VlEl

U 80 AU Ay 15T suuLaIINeInY 9.0 1ad 2589 1% U 311U 80 Au Faman laan

Y
=

Yo o oA = ' 1 A v d o =R d A
ﬂauu1%a1wiu EFA L1ag nauNn 2139001 ﬂ’q&lﬂﬂﬁ’ﬂﬂﬂuﬂu!ﬂuuﬂﬁﬂ‘hﬂ%uﬂ‘lﬂ 3unE 4334

Q

914U 300 AU (Comrey & Lee, 1992) 310HANFAT CS 91U 99 AU, IT T1UIU 135 AU LA

o v K ?x’/ A A A I o ya o
WEB 9143% 66 AU INS1EUAANEIFUYN 3 tag 4 a@rﬂumu‘nuﬂl’mQtiﬂucluﬁaﬂgm 3
9

Y A 1 v R Ay ¥ 1 A2q Yo [
NaANFAINUANANNY %Qwa%"lﬂﬁl"lﬂﬂQNucl%ﬁ"lﬂi‘]J CFA
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a 4 4 a o .
1) MSAATIZH09AL52NoUIFIF1599 (Exploratory Factor Analysis: EFA)
a 4 J Aa o I o 1
MINATIEH09A5ENoUIFId15 I UMITIIHANITNATO UV DINGY
nagoud1sNne U UIAnuanYUeHdy LCG-Test-97 HalaoA101u8112U 97 0 11
a o )] A L. . 9 Yo o
a5z laelsnaila Principal Component Analysis: PCA 281151053 SPSS 14#1879 Data
a Lol . o . o <
Reduction 711312 11 A1 Correlation Matrix N1H UM Eigen Value=1 ILag N1 UA 1 1 9 Factor
A Y 9 o o 1 g YA 4 A
Mo liaoandoIny LCG M99 ngu 1NN 15Wa13a199A15nou Ao 1) KMO and Bartlett's
4 a 1 U g
Test 2) Chi-square 1@ % 3) Factor Loading (o915 1Wan 18 W U731 tnasai A1 KMO and
9 & J 1 Ay Y ' ,Q’ v Y
Bartlett's Test 19 0.870 FIN1UNUH > 0.60 uaasNHaf lannngunageuiloonsyla uag

SIS o v 1

1 1 J 1 1 1 25 é 2
A1 Chi—square WIUINAUNDYNUUITIAY TIUAT Factor Loading a1 0.30 Yu 'l
9

a = J 2 13 @ J Aq Yy Y A o ¥ 2 a Y
(A3 1IN9F, 2545: 1.76) Faanimiineaalszneunly @ A 0.302-0.823 @a1iua 5 Vo

° ' Jd o A
AMNIUNUN ANATTINN 3.6

{ 1A Jd 1 @ a 4 a
A15197 3.6 UEAIATNDITUN, NURVIAaSA WY SUaSNaN15AATIZH EFA Tﬂﬂal‘;ls)'}mﬂhm

PCA 103nqUNAa01a1397 U1V IA LCG-Test-97

Mii138Nn Inauan nanld
A1 KMO and Bartlett's Test =0.60 0.870
A1 Chi-square WivdADy (p<0.05) 20784.3 (p=0.00)
A1 Factor Loading >0.30 0.302-0.823

o8 2 9 (% ]

wah lanundemaiunsoaaulsidunmaiinegy 92 Jouaznszaemediio 8

ya v

2 4 I @ o o o {1 4

Factor 11111 1o unisasiaaeuanudanuvesdomniugidedaitomowimumnmsi
2 o a J ¥ a . . .

14 92 Yau11i1n15Ans1zvionnse Taeldimaiin Principal Component Analysis: PCA 228

Yo o . o < g}/ 9 ad

Ti/sunsu SPSS 191479 Data Reduction 110151 ) UHNUDIAYTENOUHUVAIRINAIETT

9

Varimax 2 31t 11n 1) Varimax 9 Factor 1182 2) Varimax 8 Factor WU3191099810 1019

9 v v H
92 Forulununi 1 gnuyuunulasdn Tulasiuau 33 A59 daunuun 2 gavyuunilay
9 v 9
oA TuATIUIY 20 159 FaneapanuugnIasiuIudoniniuldedlunaas Factor A4

= =
519021009 1UA15199 3.7
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A1319N 3.7 uﬁmﬁﬁmuﬁ'@ﬁmmiumaz Factor t4UU Varimax 9 Factor and Varimax 8 Factor

Factor | Varimax 9 Factor (Auto rotated 33)(513116) Varimax 8 Factor (Auto rotated 20) (sl’l'i?))
1 7 6
2 4 8
3 8 10
4 2 0
5 17 17
6 18 23
7 10 14
8 11 10
9 15 4

37U 92 92

v Y
vnrad lduaasdediniuns 92 dedwrsaiunldaiunuianudnyuzlide

1 Sld' 1 I 1 1 . =
mwzyanayalnildi¥edn LCG-Test-92 1WunnuuInsdIulszanmal (Rating Scale) &

[ = Y o a J o A A o A Y o ~ I 1Y
6 3T mi]z@’eNQﬂuﬂ‘}J’JLﬂiwﬁmﬂﬂizﬂﬂmmﬂuﬂumamﬂlE]mmmmﬁnnimﬂumtmu

v A 1 v o v W
Andonvod LCG uaaznguludnuna li

2) MIANT1EH9AYTZNUIFIEUEY (Confirmatory Factor Analysis: CFA)

Aa a o d [} '
ﬂ']ﬁ'Jm31$ﬁﬂﬂﬁ’ﬂ§$ﬂﬂﬂL%Qﬁuﬂu!ﬂlllﬂ']31!']Wﬁﬂ1§1/lﬂﬁﬂﬂ YDINQY

o A @ @ a o 2~ o o 9
ﬂﬂﬁﬂﬂﬁﬂﬂ‘l&ﬂﬁ@ﬂ!!ﬂﬂ’sﬂﬂmaﬂymzuﬁﬂ LCG-Test-92 G'Jiﬁwfl}@miﬂumuilu 92 4D U1

a ¢ I o ! o ' s o H
3&?]5131(7ﬂ')’lll’ff@ﬂﬂé}@Qﬂl@\ﬁl'ﬁ)ﬂ']Enllﬁ!fl/ill'lgﬁuﬂﬂllﬂﬁgaﬂﬂﬂﬁgﬂflﬂ ANLFAANUUADUNIT

AT CFA 93317 3.5

Factor Model Analysis

-

Model Analysis by LISREL Program

L1

Interpretation of Model Analysis Results

H 9
517 3.5 Llﬁﬂﬂﬂluﬁ@uﬂ'liﬁlﬂi'lzﬁ CFA
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9 Y
v A

1Tumadmsviududoeyansdu s Tumailsznoudie Real-9LCG Real-

SLCG Real-c4-8LCG Data-old-7LCG ttag Data-old-c3-7LCG A4351882108AANUHNIEVDA

upag luaalualsnan 3.8

i 9
A59N 3.8 LAAIANUHNIBUDING 5 Taaa

Tuaa ANNKINY
A o Y o ¢ 2 Ay v a ¢
Real-9LCG Mysududomaiuanenlszneunaruan laoinmsiniieinalunuy
Varimax 9 Factor
A o Y o s H Ay v A s
Real-8LCG Mydududomauaealszneunarnuan lannmsiasievnaluuuy

Varimax 8 Factor

Real-c4-8LCG

9 o d 1 . v W
msgududemnamesnilsznenTaoidenan factor loading §9ga 4 SUAD

. ) | . :
LL‘iﬂ‘lc/!lulﬁjmﬂﬂWi’JLﬂ'ﬁ&iﬁN’ﬁiulmﬂ Varimax 8 Factor NOaANS bias

Data-old-7LCG

Jis, Yo

A o A Y o = o I
ﬂ?ifJ‘L!fJ‘Ll"’ll@ﬂ'lﬂ'\iJTﬂfJﬂﬂLaE]ﬂﬁl“l/‘l'lz511@ﬂTE]'I?J‘VW]i\‘lﬂ‘]JENﬂﬂi%ﬂE]‘U@'IN

a a Aa oA L:' 3‘, k) 1 = =\ 1 g’;
ummmﬂgmmiwm%wmwmamwm 7LCG tmMuu

Data-old-c3-7LCG

o 9 o 1

msoududesiioi Tasda@onmwizdonio1uiiian factor loading §aga 3

=

v W o J a a a ua I~ 2 4
E]uﬂlllliﬂ“]ﬂ@]iﬁﬂ“]JENﬂﬂi%ﬂ@ﬂﬁ?%uﬂ1ul“]ﬂﬂ§]ﬂ§lﬂ'li‘Vl@NVl'J

2’; o o {1 4 1
iﬂf‘lilﬂ@ﬁ‘ﬂ\i 5 wu1J’mmiaut’lm]m’;u%mamﬁmummmmmmaz LCG 1&@1“

A15199 3.9

A o o ' 1 A a 4
AT NN 3.9 memmuﬁﬁ’ammmammzﬂqu LCG nWIUNITAUATIEHN CFA

LCGID | Real-9LCG Real-8LCG Real-c4-8LCG | Data-old-7LCG | Data-old-c3-7LCG
LCG1 7 6 4 1 0
LCG2 4 8 4 4 3
LCG3 8 10 4 3 3
LCG4 2 0 0 0 0
LCGS 17 17 4 6 3
LCGe6 18 23 4 13 3
LCG7 10 14 4 8 3
LCGS 11 10 4 6 3
LCGY 15 4 4 4 3
Total 92 92 32 45 21
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o 9 1 o a o 4 a A [ [ [ A
iiveyaluuaaz Tuman1iin151As12 e Useno UIFIIUIUBUA D D UND

U

1 9 o ~

A g a A o ' ' A ' 9
AasNdeUNTaRID INNenUUTANNNANNAUNUIAAZNgY LCG w30 i Taoldlsunsw
v Y
Lisrel 8.8 NWal W13 U 1A 8 Jereskog & Serbom (1996) d1uSuA1adA lun1sAsIvdey luiaa
auM3 1n39a519 (Structural Equation Modeling: SEM) 1ia%il ianudoanaosuosluaa 3 ya
Y
L=

a4l (Hair, 1998, pp.746-750; g3ua ATA1ITUN, 2553, U.240-249; gauna 897 1% uay Ane,

2554, U.15-25)

[ a o 4 1
1) gadrtiauaeandoudIduysal (Absolute Fit Indices) U5z noualga

la-auA5 (Chi-Square Statistics: 4 ) 15N A 09UBIAUNATANAAIANAD U IADIUD
M3Us2u18A1 (Root Mean Square Residual Error of Approximation: RMSEA) MAYUIATZAY
ANUETDANADIVBIILUTIA0Y (Goodness of Fit Index: GFI) MA%1IATLAUANMNINZTUNDR
fisunduin (Adjusted Goodness of Fit Index: AGFI) ttagm1astianuilsevdavosszay

4

ANUNNLAUNDA (Parsimony Goodness of Fit Index: PGFI) &4 luiiaaza1iseasidoanail

[

1 4 2 I @ 1
1.1) A1 la-aunas (Chi-Square Statistics: £ ) il udwfinlgunsvarslu
Y o Y Aa o Y =
MIATINAOUANNTOAAADIDI IumanuTeyaFIlszant lagn1wsdu a1 ln-aualiiian
v o w [} U U [ a [ 4 [
Wod 1A ogszna19 .01-.05 uan1a1 lueadeanasanudeyaditseiny vienaunaunu
g’.« 1 Y £ Y] U @ (] U o v A [ 14 A

UONINUUAT IA-FUAITIUUNDVUINYDINGUAI081 NaUAIa81989 T a1 ln-aualazea

P 2 !
qunnauernin Idagiaa 18 ligndes dufusenashnisudluTaensinsad £ /90 &

9 Y
adrstiataana 2.00 3u 'l ualimn 500 (gavia o9glea nazame, 2554, W.29;

Diamantopoulos & Siguaw, 2000, p.98)

1.2) A1510NADIUDIA R AIANVAAIAAABUAIAIADIVDINTUTL X
! I % [ [
A1 (Root Mean Square Residual Error of Approximation: RMSEA) WUNITIAANUUANAIAD

1 I a
nieveeeenaNududase (Discrepancy Per Degrees of Freedom) 1ag'lauuu InTnasd waz

1 9 U

a J 1 1 H [ 1
¥nA205 (Diamantopoulos) L UBI1A1 RMSEA NANING A25UAIMN08NI1 0.05 A15E1I19 0.05-

1 [ a @ 4 1 1 J
0.08 Wﬂﬂﬂﬁ\ﬂllmaﬂﬂueﬁ}WQﬁﬂﬂﬂé}ﬂﬂﬂﬂ%ﬂuﬂamﬂﬂi%ﬂﬂ}l AT IN 0.08-0.10 LEAIIN

v 9 a

Y [ - 9 oA 1 1 [ 1 9
ﬁ"ﬁ]ﬂﬂﬁ@QﬂUGU'EliJﬁLG]N‘]JiZﬁ]ﬂ‘HmﬂuE]EJ HagAINuINNI1 0.10 LLﬁﬂQDWINL@ﬁﬂQMlMﬁ@@ﬂﬁ@Q

U

9 a

naunauiudeyaFelszsny (gau1a o9 led uazamy, 2554, U.27; Diamantopoulos &

Siguaw, 2000, p.85)
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1.3) arHInTeAaUALa0ANA0IUDILUUTIa09 (Goodness of Fit Index:
I (% a f N gj v
GFD) 1Wunmstadsuiannuulsdsiunazanuulsilsiusiunesureldare Tuna nail
] 1 a 1 = gﬁ 1 dy 1 o =) Y
Tagn211a1 GFI 1iA1521919 0 89 1 GFI aaua 0.90 vu'l1) uaaaduuusiasiianuaonndod
1% a (% o a a o 4 o a
AUty AT 529nY (Hair, 1998, p.747; gana A5N1TUN, 2553, U.247; gnud 03¢ 9@ uaz
AL, 2554, 14.28-29)

@ Yy 9

1.4) AFUIATTAVAMMHIZFUNOANYS VLA (Adjusted Goodness of

1 A o 1 =KX o

<3| 1 a @ { o
Fit Index: AGFI) WuamnmiuImInal GFI LW]ﬂ$Wﬂ”lﬁﬂﬂﬂ\?%WU')l!ﬁ']!Lﬂﬁﬁ'Jﬂ"lﬁj UagvuIa

v
g’.ldl 1 1 J =

v Y
YBINGUAIDE19 N1 A1 AGFI 110521319 0 09 1 1azd1a1 AGFI Haraaua 0.90 Yu 11l

1 o = [ a v J . a a o J
uﬁmmmmmammmaa@ﬂé’mﬂu%gamﬂizimy (Hair, 1998, p.747; 318 ATNIUUN,

2553, 1.247; gAINd 037 1% LayAML, 2554, U.28-29)

1.5) A¥UIANNUYTEHIAVDITLAVANHNIZTUNORA (Parsimony

. S| .t = - ' A

Goodness of Fit Index: PGFI) tiluainuansnat/suannundsdsiu vazanuulsdsiusiun
a Yy A (v Yy o & A s A A Y
a3118'ldaqe TumanSuuddrennuFUdouved luiaa #9871 PGFI A151A161 Ao 1A

0.50 Wu'ly (gnuna o9 1¥A uaz Amy, 2554, 11.28)

2) yanwilTanuaennd o Fuiing (Relative Fit Indices) 1/52nouA10
11 NFI (Normal Fit Index) A1 CFI (Comparative Fit Index) A1 TLI Y150 A1 NNFI (Tucker Lewis
Index or Non Normed Fit Index) (a1 g A1 PNFI (Parsimony Normed Fit Index) Faluunazalll
a o A
JYALIDYNAIU
' . Y o oA o ] ¢ ¢
2.1) 71 NFI (Normal Fit Index) L‘}Juﬂﬂfumwmuwuiﬂﬂ LUUNIODILLAS
é U =S 1 = U 3’, 1 da! 1 ] =
I'UL‘L!‘VI%’Q?I"I NFI 4152111319 0 949 1 A1 NFI a134t61 0.90 Buullﬂuﬁm’mmumamuﬂ’am
9 v Y a Y4 3’; dy 1 S 9 9 = 9 9
ﬁﬂﬂﬂamﬂumayjmﬂmﬂizi}ﬂy NIUAT NFI Nﬂ?ﬁniﬂﬂ 1 32UDNHI ﬂ’s”mﬁ’e)ﬂﬂamﬂlmﬁumga
[ é’ v g’/ Y A " o U = 9 L4 .
ﬂ‘iﬂumaaﬂﬂﬁummuu HASDIUAUNINDY 1 UaAdIN Tumaummﬁ@ﬂﬂaﬂﬂﬂﬂﬁuyjm (Hair,
1998, p.749; gana ATNITUN, 2553, 1.246)
2.2) A1 CFI (Comparative Fit Index) 1 udeiifilfu1l5au191n NFI v0q
I 14 1 = (] 1 = v Y (= 1 [ ddy
IUUNLIADT Llﬁ$I‘ULU°WIﬂEIﬂ'I CFI HATBYITHNIN 0031 ﬂ'J']iJ“])"U“])'@UGUfNIiJLﬂﬁthNWﬁﬂf)ﬂ“ﬁuu

[

A ddyd 1 g’/ 1 49! 1 o = Y o 9 a [ 4 9
DAY UUUMAULA 0.90 “Uuth LLZWN'NLL‘U‘U‘ﬂ'lﬁ’f)\‘]ﬂJﬂ'J'lNﬁ@ﬂﬂa@ﬂﬂﬂﬂlﬂuﬁﬁl%ﬂﬂﬁ%ﬂﬂ‘ﬁ Haznn
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v
[ )

Y
$iiUTA1IN 31 0.90 uaaedn Tuwaaliuliny (Hair, 1998, p.749; gIua ATANTUN, 2553, U.

247)

2.3) A1 TLI ¥30A1 NNFI (Tucker Lewis Index or Non Normed Fit Index)

=

I = o 4 a 4 Jd v A v dy 9 ds! A A o 1

Hudytiveaniames i Tuum tag 1wuimes asiatidainvumeaadynunenuaAuRg

1 4
YDINTUINLIINGUAIDE 1 (Sampling Distribution) A1 NNFI 92 1f15241319 0 D9 1 loawHill
1 g‘/ 1 é! U o = 9 [ a Y] L4 =
Maana 0.90 1 11 naaad nuuiaesinnuaeandosnudoyaibalsziny uaz Tuaaszll
AuERANdEIANGAI® NNFITAUNIND 1 (g3ua A5n10UN, 2553, U.245-246;

Diamantopoulos & Siguaw, 2000, p.87)
! & . I o A A [

2.4) A1 PNFI (Parsimony Normed Fit Index) 11 ua ¥ty ganiain

4 4 = = = 1 s 1 z') = A
NFI ¥uuuiaos tag lumn uaasnedsunannuutsdsiudgeni PNFI aasiiaidi s da

aaua 0.50 u 1)) (gnune 09 19@ uazAn, 2554, 11.28)

v A @ Y d‘ 9 1 d'
3) gaaridanuaeandasdluzlanunaiamnaen Usznouals Aunde
AUARIAAADU (Root Mean Square Residual: RMR) HAgAMIATFIUIINNADIU0IAURAY

ANUAAAAGDY (Standardized Root Mean Square Residual: SRMR)

3.1) ANRAYANAAIAIAD DU (Root Mean Square Residual: RMR) rﬂu

= A A 311 tg 1 A A 9 = a 1 [ 1
FUIAANUADTIALADDUIRNAY NIUAT RMR AITUATNUDY FIDIINWITTUITINNUAINIY

1] F 9 ]
ﬂﬁ?ﬂ!ﬂﬁﬂﬂh?@iﬂ?ﬂ (Standardized Residual) ‘VIQﬁﬂ?ﬂ?WNﬂﬂWﬂLﬂﬁ@uiJW@ijnguthﬂ’JiflﬂT

1 |258‘ =2 1 o = Y v 9 a v @ a
1IN i]\'1i]3Llﬁﬂ\i'JH!‘U‘]J%']afNﬂJﬂ’]'IiJﬁf]ﬂﬂaﬂﬂﬂUﬂlﬁ)ial’ﬁlélf\?ﬂi$i]ﬂ‘iel (’LZfﬂiJ']ﬁ ’é)\‘]ﬁfi“]f@]

uagAMe, 2554, 1.29)

3.2) ANIATFIUIINNADIU0IAUNAIANAAIANAOU (Standardized

[

< @ 4 { J
Root Mean Square Residual: SRMR) 1 u@wiifaaiiuaaiamaoumasvesdoyaninnguy

@ 1 v 1 a 4.0 [ 1 @ a o .
#19819 ¥991A1 SRMR (AU 4.0 uaasn TuealiaoandestudoyaiFalsziny (Hair, 1998,
p.748; gua A5NTUN, 2553, 1.242-243) H30A1 SRMR A23dia10on11 0.05 F9azasillan

I3 @ a [ 4 @ a
nuuiaesdeandesnudoyaidlszany (gnund o 1vd uazamy, 2554, U.27)
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v & 7 Yy o 9 a o Qg I a 7
ﬂ\‘]uuLﬂm"lﬂ111!ﬂ'liﬂiﬁﬂﬁﬂllﬂ'J’]jJﬁ@ﬂﬂﬁ@QﬂUﬁll@lJ“alsﬁ\ﬁJigfﬂﬂyﬂﬁlﬂfﬁl‘Hﬂ’ﬁjlﬂi']gﬂ

g’/ dy 9 A [ g
ﬂ'ﬁ\?uﬁiﬂulﬂﬁ'lll@ﬂi']\‘]ﬂ 3.10 AU

q

A A 9 9 A v Y a v
AT NN 3.10 ﬁ'g“]Jmmcnﬂalsm53%ﬁ@‘Uﬂ31Mﬁ®ﬂﬂamﬂanﬂau%ﬂmmﬂumagalmﬂﬂimﬂy

[ [y ¢
1. yAA¥HANNAOANADUTIFNY D! (Absolute Fit Indices)

X7 est p=0.05
Ve ,df 7’ ,df <5
RMSEA <0.00 rvsEA <0.08
GFI GFI = 0.90
AGFI AGFI = 0.90
PGFI PGFI = 0.50
2. gAdvinNaeARR UTIFUNING (Relative Fit Indices)
CFI CFI = 0.90
NFI NFI = 0.90
NNFI NNFI = 0.90
PNFI PNFI = 0.50

v A %4 d‘
3. AW ’Jﬂﬂ'ﬂNﬁ’ﬁ)ﬂﬂaﬁx‘l‘lugﬂﬂ’31uﬂﬁ1ﬂ!ﬂﬁﬂu

el

RMR 0.00 = RMR = 0.08

SRMR 0.00 < SRMR = 0.08

W: gauna 89y 1w uagaz, 2554 81delu andiun fan, 2556, 1.130

Y v )
Tagnan1sdaauAIasiaunaNnavYed Tumatutaadlua1s19 3.11 1o

wnsawaii ldwui Tuea old-c3-7.¢GD Wluluaaiadiga
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v Y
Q13199 3.11 HamsaaauAasHANUAaNAANYDd Tuaand 5 Tuea

Goodness of fit Statistic results
2 Rank
Rules Chi-Square y4 df RMSEA CFI
/ ing
Model
Runtim 2
D x°
es to 12 df df < >
Adaptiv >, P<005 0.08 0.90
e Model <5
2
st
! X _ovo6.6s, 9 085 0000 | ¥ | 264 v |oom |V os6 x
1. Real- 2
O A df _ ~ v |24 v o006 | v | o087 x 2
OLCGD =9858.79, - = 4075, P=0.000
2
th
x
20 X 940731, df:4065,1>:o.ooo v | 231 v | 0.066 v | 088
2
st
1 X — 11375.48, df:3819’P20_000 v | 297 v’ | 0.081 x | 084 x
2. Real- 2
0" | X df _ (| v | 269 v o075 | v | o086 x 3
SLCGD =10281.18, " =3809, P=0.000
2
th
20 X 919570, 8 23700 p-0000 | | 25 Voo |V lose | %
2
st
1 X :1704_82,df:456’?:0.000 v | 373 v’ | 0.09 x | 083 x
3. Real-
2
th
C4- 10 X 1ag224.9F Z 446, p=0.000 v 332 v 10088 | x | 086 x 5
SLCGD >
th
20 X 33506 0 __ 24 p-0.000 v | 307 v | 0083 x | 088 x
2
st
! X goasz6, 9 “gia paoooo | Y |36 | Y 004 | x o83 ) x
4. Old- 2
10" 1 _ df _ ¢ A | v' | 0083 x | 086 x 4
LTI =2463.03, © =802, P=0.000
2
th
20 y4 2530337, df=792,1>=0.ooo v' | 290 v’ | 0080 v | 087 x
2
st
5. Old- 1 X o Y Mo a00m v | 326 v | 0087 | x |o0087 | %
C3- 5 1
th
e 0 X _ 40666, 9F — 172, p=0.000 v | 236 v | 0068 | v |09 v

Hkk ‘/Pass X Fail

Wn: goane 039 19 wavay, 2554 919d9lu analus qan, 2556, 1.130
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Analyzing of Learner Characteristic Groups by
Factor Analysis for Learner Profile Ontology

Phrimphra: Wongchomphu and Chutima Beaokhaimook

Rangsit University, Bangkok Thailand.
primpraiw,chutimapisarn}fgmail.com

Abstract: This chapier presents a methodological framework for analyzing
learmer characteristic which is comprised of 2 essential segments:-1)
construction of LCGD and LCGD-Test and 2) factor enalysis of the LOGD-
Test. For the first segment, the learner characteristic groups (LCG) are de-
fined and the LOGD-Tests for each LOG have been created. The LCGD-Tests
are verified by I0C, For the second segment, two factor analyses of the
LOGD-Test are involved. They are explomatory factor Analysis (EFA) and
Confirmation  Factor = Analysis (CFA). This study  wields 7 leamner
charactenstics groups which are LCG1, LCG2, LCG3, LOGY, LOGS. LOGo
and LOGY. Moreover, LOG-Test-21 is obiined as a twool for learner
assessment. The Learner Profile Ontology for the course guidance system is
built socording to the results from this study,

Keywords: Annlyring Leamer Charactenistic, Factor Analysis, Learner Profile
Omntology

1 Introduction

Learner behaviors, so called leamner cheracteristics. affect leaming management pro-
cesses and leamer's grade. To manage the learning style for cach leamer effectuvely, the
learner characteristics should be determined precisely, The objectives of learner analysis
can be discussed into three purposes. The first purpose is 1o develop the assessment
medivm foreach leaming styles. There are several works focosed on improying [éaming
media for distance education, In [30] the e-content guideline is formulated especially for
adult leamers, In [31], the web-based learning environment from cognitive, affective
and social-coltural for individual learmer has been initiated, An adspmble twiorial for
mdividual students [32] as well s an e-progress file system in virtual leaming environ-
ment [33] have been involve to assist and promote student's Jeaming progress. The
second one is to find the educational achicvement factors. The study about the second
purpase can be found in [34] which investigated the impect 6f leamer choracteristics on
information utilization strategies, cognitive load, and leaming outcomes in a hypermedia
environment. In [35], the, fuctors thet influgnoe students’ usage behavior of e-learning
systems had been explored. Moreover. the examining whether the predictors of success
for students in an online quantitstive course are different from those for an online quali-
tative course can be found in [36]. For the third purpose, analyzing learner characteris-
tics is performed to find the factors of dropout rate such as the work found in [37] that
aimed fo determine whether persistent leamers and dropouts have different charactens-
tics. Several works [7][40-41] aimed to predict dropouts from the learners” characteris-
tics in online education.

There are various factors deploved in learner characteristics analysis. They include
cognitive factors, affective factors, physiological factors, social-culiwral factors, motiva-
tion, learning behavior, age, sender, educational level, family information, and so on.
The selection of factors o analyze the learmer characteristic depends on education prob-
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lems. In this work, we focus on how 10 obtain the leammer charucteristics that match spe-
cific computer courses. This paper presents the methodologies to analyze and construct
the groups of leamer charactenisics. The outcomes of this study include seven learner
characteristics group {LOG):- LCG1, LOG2, LOGS, LOG4. LCGS, LOGE, and LOGT as
well as the LOG clessifying tools named LCG-Test-21. In addition, the Learner Profile
Ontology for the course guidance system is built according to the results from this LOG
analysis.

2 Related Work
21  Factor Analysis

In & comprehensive study of factor analysis in order to construct the groups of leamer
characteristics, the most commonly nsed factors analysis are an exploratory factor anai-
vsis (EFA) and a confirmatory factor analysis (CFA). The EFA is the basic method o
scquire the desired factors and naming the sets of them while the CFA is a modeling
approach to confirm those factors derived from the EFA. Based on reviewing several
rescarches regarding to the factor analysis, some works performed factor analysis by
applying only EFA [42-43] that provide the output as o group of factors or variables
under the given conditions. On the other hand, some works applied only CFA [44-45]
and provide the result as a model used for confirming the existing factor. There are
many works that focused on applying both EFA and CFA [10, 26-29, 36, 46-47] which
the result 15 u model w confinm the factors o varisbles that bave been created.

12 Ouiology and Semantic Web

There 15 2 large volume of published studies describing the role of ontology and seman-
tic weh, The definition of ontology is shown as “ontology is an explicit specification of
 concepiualization”® [1-3], The term “conceptualization” is the abstract model of some
aspects of this world. By define definitions, properties, or anributes of key ideas and
their relationships. The term “explicit specification” is the model should specify a clear
language that will process with machines like humans.

Ontologies become increasingly important in many sreas such as knowledge man-
agement, data integration, information shoaring, data retrieval and e-commerce [1]. On-
tology has a pivotd role in recommender system. Such system provided the suitable
functions to the users. There are Ontology-based recommendation systems developed w
several areas fe., educational ares. business area, social area, medical area, etc. For
education fields! it's introducing all process about leamning. teaching, sctivity and social-
ization_in online-offline study [49-50]. In business fields. it focuses on customer satis-
faetion of products and services [51]. Semantic Web is the application of ontology. On-
tology plays an important role in creating lerminologies betwesn agents where the
common terms.on different ngents represent different meanings. Thus. the efficient on-
tologies require good design. approprioste ontology Innguage and support ressoning
tools. Semantic Modeling [4] is-a graphing model crested from the Resource Descrip-
tion. Framework: (RDFY and other models such as object-oniented models, relational
models. etc. Once the semantic in RDF is defined, the model called knowledge model 1s
obtained. it is very important that the defined vocabulary covers the overall context and
the ontalogy-base determines the relationship smong terminologies [5, 9]
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3 A Methodical Analysis of Learner Characteristics Groups.

The methodological framework for analyzing leamer characteristic is comprised of 2
essential segments which are 1) construction of leamer characteristics group definition
(LCGD) and LCGD-Test and 2) factor analysis of the LCGD-Test. The first segment
consists constructing the LCGD, LOGD-Test and LCGD-Test validation. LCGD is a set
of definitions that describe specific characteristics of particular types of person. The
tool, called LCGD-Test 1s designed according to the defined LCGD. In order to obtain
the valid LCGD-Test, the test was basically examined by five experts. For the second
segment, the statistical analysis of LCGD-Test using two factor analyses, EFA and
CFA., arc performed. The processes of two essential segments are shown in Fig.2 and
will be discussed thoroughly in section 3.1 and 3.2.

3.1 A Construction of LCGD and LCGD -Test.

The Operational Definition of LOGD
MyvenBnges Laresr Makphe
Eimagin ] Tupe fndicana Chuchm-h:-o:
Symthess and Setung Operatiosal Definitis.

uo: g TCO5) 1CaD: LEGD Leows Bk, riagzepet

LCGD-Tist-138

D6_LOGR] LCGDR LCo
LOCD-Tew 97
T wmﬁr ;
Supion Ginug®) © -
: o pration £ is (FFA)
Y2 Seistcal anahze of LCGD-1 et Vadiirias OFastr | -V arimix § Factec
using Factor Analysis. Testing by the
r...;...n Rears ; 92 Jytem: ace acceptabia
LCGILCG? a0 bes toos
8 8 Five Modds Teals
LCGI The Helper g
FECCT the Achiocmt e W
G3 The Theorin
_!:c-l The Reponsibilicy Taker 3 Reai CA-
L FLOGD-Tex

CCS The G
L

et ncc.o-‘k: m
e———
< Factr Amalyss (CFA)

Fig. 1. A mcthodical analysis of Learner Charactenistics Groups
31 A Construction of LCGD and LCGD-Test.

To defing learner characteristic group definition or LCGD and LOGD-Tést. three proce-
dures.were applicd. Firstly, the operational definition of LCGD is defined and classified.
Secondfy. all those question contexts from Enncagram-test, MBTI-test, career choice-
test and multiple intelligence-tests are collected and synthesized in accordance with
defined LCGD resulting in the ECGD-test. Lastly, the LCGD-test was venfied by five
experts

3.1.1 The Operational Definition of Learner Characteristic Groups.

The operational definition delimits concept of words and describes behaviors by observ-
able and measurable variables [11]. For this study, learner characteristics can be classi-
fied into the defined groups. called LCGD. The operational definition of LCGD was
defined and synthesized based on four theories. The first theory is Enneagram [15]
which h.“ nine different pcmon charactenistics - reformer, helper, achiever. individual-
ist, 3 loyalist. halk and peacemaker. The second theory is

3 J e

3 1 9.4 uaaq Manuscript “Analyzing of Learner Characteristic Groups by

Factor Analysis for Learner Profile Ontology” Wi 38



137

The fonmi T o Artificod ared M mtwred Largmage: Proorming 5A1-MLF 2007 Aot 27-20, 2017 39

Myers-Briggs Type Indicator [16] or MBTI which explained sixteen distinctive person-
ality types that result from the interactions among the prefereaces:- EST], ESTP, ENTLL
ENF], ESF], ESFP, ENTP, ENFP, ISTI. ISTP, INTI, INF], ISF), ISFP, INTP ead INFP.
The third theory s Holland's Six Personabity Types [17] which mentioned six personali-
ty types of career choices:- Realistic, Investigation, Artistic, Social, Enterprise and Con-
ventional. The forth theory is Multiple Intelligences [18] that represented eight different
types of imtelligences that cach individual has the capacity to possess:- Intelligence of
Kinesthetic-Body Smart, Linguistic-Word Smart, Logical-Number Smart, Interpersonal-
People Smart, Intrapersonal-Myself Smart, Musical-Music Smart. Visual/Spatial-Picture
Smart and Naturalistic-Nature Smart.

Froam above 4 theones, the first, second and third theory show individusl charsctens-
tic and personality of general person while the forth theory (Multiple Intelligences)
showed a festured learning of the leamers. However, this study desires to define new
learner characteristics groups, Thus, Ennesgram is selected as the imitial theory and o
create LCGD where the rest theories are supplementary, The importance is mven o
words found in four theonies to define cach type of persons. Words can be keywords,
same words, wards with the sume meanings or corresponding meanings for each group
of lesrmers. Fig 2 shows the example of common words founded in 4 theories and uses
them to synthesizing the LCGD when focusing on “reformer” characteristic group of
Enneagram. So then, these common words are used to create LCGDI . The operational
definitions of cach learner chamcteristic gronp (| LCGD 1-LCDGY) are described in Table

.8
Enneagram [15] MEBTI [16] Career Choice [17] Nlubtiple intelligence
: Reformer | 18]
Edenlistic type ldealistic
They are teachers Good ai teaching Teacher
Orderly Orderly way
Realistic Realistic
Work with munbers Mumber Smari

Fig. 2. Example of common words founded from 4 theories that used for synthesizing
the definition of LOGD1

312 A Creation of LCGD-Test

By collecting the available tests of 4 theories which are MBT1-Tests [20-22]. Enne-
agram-Tests [24-25], Career chotce-Tests [19] and Mohiple intelligence-Tests [23], 3584
items can be compiled. However, from the analyzing those tests, the fiems that corre-
spoend to nine groups of LOGID yield only 138 items in total. This testis named LOGD-
Tests-138. The numbers of items in LCGD-Tests-138 for LOGD o LCGDS are 15, 15,
15, 13,45, 16, 17, 16 and 15, respectively

313 Verification of LCGD-Test by Using the Index of 10C

LCGD-Tests-13% contains both positive and negative behaviors ttems, LCGD-Tests-138
has been verified by five experts that specialized in four aress: professional research.
education, psychology and educationnl measurement, By assessment based on calculat-
ing liem Objective Congruence (10C) [45] with the accepted value range from (.60 1o
1.00, only 97 items from 138 nems in LOGD-Test-138 are qualified as shown in Tahle
4. Those 97 items are combined as one LOGD-Test and then named LOCGD-Test-97.
The diagram of creating LCGD-Test-97 15 expressed in Fig 3. The LOGD-Test-97 is
designed as a rating scale with six levels [6] as shown in Table 5. which later becomes
the input of statistical analysis in the next step.
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Table 1. The operational definition of 9 Leamer Charncteristic Groups  (LOGDN -

LCGD2)
LOGDID N The Oy i
This knrmer group who bas chascteristios., including: Onderly, Kealistic, Real-
LCGDI The ideal- | istic, Raticmale, Principles, Ineflipens, Thoughtful, Purposefol, Self-control,
st The sclf-discipline, Keeping kw and order, Completely and A reviewer
This kearner group wha has characieristics, inchuding: Friendly, Carmg, Help-
The Hekn ing, Generous. Unselfish, Kind, Compasstonate. Talkative, Chatty, Interperson-
LCGD2 ﬂ_“" al, Principle of others benefits rathier than mapually, Openly feclings. Favorie
ENETyne.
The stics, including: Towards success, Prag
Achics elling, Hendworking. Earmest, Always
LCGDS : “‘:‘iz ent, Attemtive te detail and followop. Driven 1o reach gouls, The
" resalis of the work is impartand, Good condescending and Distnciive
secker
This kmrmer proop win bas charsceristics, inchuding: Sensitive, Intospective,
LOODY The e Emetional artist, Incpired by themeselves, Creative, Infinity Emagination, Think
shR vichaalist angd Ohsessed with themselves
This kurmer group wiso b characteristics, inchuding: Thinkers, Theorisis,
The Cerchral, Espat, Observmabon, Cadesity, lnsightful, lnaovative, Development
LCGDS Theorist complex skillx, Focused visions, Academic Leadership, Well-kept secret. and
High privacy
The This fearmer group who has chaecienstics, including: Regulator, Self
LOGDS Res a disapline, Securstv-Ordented, Faithfol, Justice, Commitment, Consistenily,
’.‘ull._',] s Trastworthy, High Responsthilty and Best Problem Solver.
This learser group whoe b cheacteristics, inclmding: Variely.Secking, Extro-
LoGDT The verted, Oiptimistic, Versatile, Sponianeous, Alwayvs quest for knowledge and
N Entfhusisst | new experience. Favor adventurous amd ride, Talent, foyous and Lives planner
This [camer group whe has chaacleristics. mchuling: Powerful, Self-
= The Confident, Lesders, Challenger, Willful, Straight-Talkimg. Bruve, Resclute,
LOGDS | ) jer | Assertive. Decisive, Dare think. Dare do and Dislike wrangle.
The This leamer group who has charcteristics; including . Concalisior, Mediator,
i Receptive, Agreeable, Acceplable and Trusl, Love peace, Simple Life. Dislike
LOGD9 P‘“‘:""“‘ eomflict. Reliable to athers. Listening resson and Slogg .
i Ennesagram Tests MEBTI Tests Carecr chince-Teits
8 P 162 s 112 amemis 130 My

Perform items analysis to obtmn sei of ilems that rebsied (o 1he operational defingzon of 9 LEGD I

LOGE Tesis 138 E

Perfivrm e Objective Congrence test by 5 expens

Fig. 3. A creation of LOGD-Test-497
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Table 4. The mumber of ttems m LCGD-Test before and after performing [OC test

¥ Thi nnmabes of Wh mimmber of “Thie smniber of The nuamber af
Lot Tent ltems befure B0 | Ioems after [00 J I el lrems before W0 | loems sfter IO
LR -Tea 13 3 LETa0e- Tesi 1 18
LOCED2-Tea 13 3 LG0T -Test 17 17
BETREIE-Tes 13 B LTSO8 Test liv 15
LRS- Tes 3 3 LG4 Test i3 &
LOGS Tesl [] 10 Total 138 uT
Table 5. The example of LOGD-Test-97
Hailng Seale
L Chair s tevisthe Test Very Duise pukee Very
Likeby | MR | Gy | wonkety | UUEEY ] gty

1 1Py MRS eRtos Lo jusice

2 10 2ot Gike poople hecaking nades

. 1 v comipassion for my Incmi

a7 1 will percoade my Enends

12 Statistical Analysis of LCGD-Test Using Factor Analysis

Statistical analysis 15 performed using factor analysis. There are three objectives of
factor analysis. The first objective is to explore and identify common factors that can
describe relationships between items. The second objective 15 1 reduce the number of
items, Lastly, the third objective is to determine the structural relationships among items
[13]. At this pomt twa statistical analysis, Exploratory Factor Analysis (EFA) and
Confirmatory Factor Analysis (CEA) are used to analyze LOGD-Test. EFA is used o
extract the inifial factor and analyze the items of the LCGD-Test-97 while CFA s used
o confirm items yield from EFA and analyvze dota of the LOGD-Test-92. The detail
explanation of EFA and CFA are discussed in section 321 and 3.2.1, respectively

The data sct ane collected from two student groups by letting them do the test. The
first student growp is 410 studenis from grade 12 (high school) that do LCGD-Test-97
which later used for performing EFA. The second group s 3K 3 und 4% year
undergraduate students | 14] thit have to do LOGD-Test-92 in order to confirm the
results obtained from the first group by performing CFA. The reason that the duata
obtained from 3 and 4% vear undergraduate students arc selected to be used in CFA
because these group can represents the difference of three computer courses that are
Compaoter Science (C8), Information Technology (IT) and Web Programming and
Secunity (WEB). The numbers of stodents in second group that are CS, IT and WEB arc
949, 135 and 66, respectively.

321  Exploratory Factor Analysis (EFA)

There ame three steps for EFA. The first step is o validation matrix cosrelation between
items, Using  Kaiser-Mever-Olkin measure of sampling adegbaey  (KMO) [8] and
Bartlen’s Test of Sphencity Bortlent’s Test [8], the value of KMO is 0.870 which is
greater than D060 and Bartlett's Test have significant Chi-square equals to 20784 3, with
p-value equals i (000, as shownda Table 6. lindicates thatthe result is acoeptable. The
Second step is 1w perform fackor extraction where the common factors ane separated into
minimum factors when using every ftem. Factor extroction wos performed wsing SPSS
software version 22 by apphving the principal component analysis (PCA) [8] o analyze
correlation matrix. The extracted Eigen values should be greater tham 1.0 and the
extracted number of factors equals to 9 according to 9 LOGD groups, The results of
fuctor loading [14] are ranged from 0.302 to (0823 which is greater or equal 0.30. By
performing the EFA on LOGD-Test-97. the test remains 92 items and spreads over 8
factors as shown i Table 7.0t represents that there are 92 ncceptable items and 5
unacceptable items, later called LOGD-Test-92,
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Table 6. Statistics, consider values and resulis of validation matrix correlation and
fector extraction

Stalistics Consider Values Results
EMO = 0.6l 0870
Bartlett's Test Chi — square. sig.p 207843 p=0.00

< (.05
Factor Loading = (30 0 302 - 0823

The final step of EFA is the factor rotation to perform grouping the items clearly for
cach factor. This process was done using SPSS software version 22, There are two types
of Varimax method to rotate the factors of 92 items m LOGD-Test-92. They are
Varimax 9 factors and Vanmax & factors, The Varimax method yield the numbess of
items spread per factor and numbers of factor rotation. In this process we found
Varimax % Factor was auto rotated 33 times and Warimax 8 Factor was auto rotated 20
times as shown in Table 7,

Table 7. Number of items spread per factor by Varimax 9 Factor und Vanmax & Factor

Fac her of fems her of itens Fai number of number of ltems
tor hy Varimax 9 by Varimax § lor items hy by Varimax §
Factar Aunti Factor Auto Varimax 9 Factor Auts
rotated 33 rotated 20 Factor Auto rotated 20
rotated 33
1 7 [ [ 18 23
2 4 8 T (] 14
3 ] 10 B’ 1l Ll
b S 0 9 Is 4
3 17 17 Tl 92 92

Table 7 indicates that Factor 4 should be cut off because the number of items is too low
und 92 items will be forwarded 1o the CFA in the next step,

3122 Confirmatory Factor Analysis (CFA)

The CFA is a procedure 10 verify the consistency of the results obtained from the EFA
by data and factor loading nnulysis. There are 92 acceptable items obtained. from the
EFA and becomes the input to the CFA. The CFA has three steps. The first step is the
factor model analysis which resulting the models to verify items in cach DEGD. There
wre five models created in this stepi- Real900GD, Real-3LCGD, Real-C4-8LCGD,
Old-TECGD and Old-C3-7LCGD. The role for cach model has provided i Table 8
Accosding 1o the factor model analysis, cach model has split the #tem numbers of each
LCGD asshown in Table 9.

Table 8 Roles of five modcls.

Mustdel 1IN Rales
Real SLOGD (:'uuF.rm:mul af #ems that comesponids @ the factor aealysis using Vardmax 9
Facior method
. Canfirmation af fems that comesponds to the factor analysis esing Varimax 8
Real BLOGEY Fitos st

Confirmation of #ems according Facior to analysas from Varimax 8 Factor
Real-C4-8LCGD meethod amil Sefoct the iems with the highest founth factor ading ranked 1o
reduce bias

Confirmation of Sems by selecting specific Sems that according the operational
definiticn remaining 7 LOGD.

Canfirmation of flems by selecting specific fems that according the operationsl
d-C3-TLOGD defimition remaining TLCGD and Select the sems with the highest thind factor
hading rnked 1o reduce hias.

- TLCGD
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Tahle %, Number of items of LOGD1-LCGDY obtained from five models

odellD | 5ol Real- Real-C4- | Old- Old-C3-
. WLCGD | SLCGD SLCGD TLCGD TLCGD
LCGD

LOGDL 7 [ 4 + [
LCGD2 4 3 4 4 3
LCGD3 8 10 + [ED] 3
LOGDY 2 o 4 [ [
LOGDS 17 17 4 & 3
LCGDE 18 3 [ 13 3
LCGDT L 14 4 4 3
LCGDS 11 10 4 6 3
LCGDH 15 (4} | B 3

Total 92 92 12 45 21

The numbers in Table 9 indicate the amount of tems yielded for cach LOGD when
applying 5 different models. They are Real-VLCGD-Test, Real-8LCGD-Test, Real-C4-
SLOGD-Test, Old-TLCGD-Test and  d-C3-TLCGD-Test. The data  of these  five
LCGD-Tests collected from the second growp of students. For confirming the test,
LISREL Program version 8.8 are taken inlo socount in the second step to recheck the
coherent items in each LOGD. [12] The CFA swatistics that indicate the goodness of fit
include Chi-Square 3. df . P<0.05, #*(df <5, RMSEA = 0.08 and CF1.= 0.9 [8][12]
All goodness of fit statistics for CEA analysts obtained from five models are shown in
Table 1

The third step is to interpret the goodness of fit statistics results of five models. Since
the results are incomsistent with the empinical data’ At this point, to obtoin the best
models, 100 more runtimes have been performed (o adjust the models. Afier 10 more
runtime of O1d-C3-TLEGD, the result has passed the eriteria (Chi-Square »* =406 66,

df =172, P=0.0). »*/df =2.36, RMSEA=0.068 snd CFI=092). In order w0 search
inferiormodels. 20 runtimes have been performed to adjust the models agnin and the
models that are accorded o the empirical data are Real-SLOGD (Chi-Square 3*
=49407 31, .d'f =4065, P=0.00, p°/ df =231, RMSEA=0.066 and CFI=0.88), Real-
SLCGD (Chi-Square _r:=‘J?'J_'~_'J‘lJ_ df =5799, P=0.00, #*idf =2 57, RMSEA=0.073
and CFI=0.86), Old-TLCGD (Chi-Square 3~ =2303.37, df =792, P=0.00, z*/df =2.90,
RMSEA=0.08 snd CFI=047), and Real-C43LCGD (Chi-Square 3*=1335.16, 4f
=434, P=0.00, »° idf =307, RMSEA=0 083 and CFI=0.88). The best model which is

Old-C3-TLCD  indicates that there are 7 acceptable factors. Thesetore, the mitial
operational definitions of LCGD sroups has been reduced from. % groups o only 7
groups‘apd later named LCGI (The Helper), LOG2 (The Achievement seeker), LOG3
(The Theonst), LEG4 (The Responsibility), LCGS (The ‘Connoisseur), LCGH (The
Leadery and LEGT (The Conciliaor). Moreever. from the analysis results of the best
maode| show that best-tonls for assessing 7 group ol LCG are Old-C3-7LCGD-Test and
LCG-Test-21,
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Table 10. Goodness of fit test results of five models [8, 12]
Here, B is the result with ¥ means Pass and * means Fail.

Goodness of fit Statistic results
Model | Rules Chi-Square zodf [rasEs [ crr -
m Cr—— g
2 s <5 @l = = king
Adstive z°.df .r<00 o oo [Blese |&
19 |77 = 1080664, gy = 4085, P-0000 | v | 264 | ¢ [e07s [ <fase | =
Read- 2
ocen | 19 |7 =985879. 4r=3075. <0000 [ v 14 | /]ooes | owr [ <] 2
W | P =940731, gy <3065, P-0000 | v |am | . ooes | Joss | «
19 | 7P = 1137548, g = 3819, B0000 [ v [297 | ¢ Joest | xfoms |
opmed 10t [ =1028118 g = 3809, P=0000 | < [ 269 | v foors | ose [ | 3
2 |7 =9795T0. gy =379.P-0000 | v |25 | v fowrs | ese |
1 [pT = 170852 47 <456 P0000 | v | 325 | v foses | x[ass |
O e F = 148224 gy = $46, P-0.000 v a2 | 7 |ooss | x|ose | =
SLCGD P imeaadl. | 4 e 3 s
w4 |7 = 133506, gf = 434, P-0.000 S R I O
19|77 = 294426, gy = 812 0000 v 362 | 7 [o09s | x|oss | =
e | 9% |78 =246303 g =802, 0000 | v 307 | < ouss | <fose [ <] 4
W% | =230337, 4 =792 P0000 | v |290 | 7 Josso | Josr | x
O 1| = S04Es, 4 =182 P 0000 | ¥ | 326 | 7 fosss | xposy | ;
TLEGD | aet |2 = 40666, f = 172 <0000 <236 | 7 |ooes | <fosz | ¢

4  The Experiment of Five Learners’ Characteristics
Measurement Tools

From the analysis of the five models obtaned from section 3.2.2, we can obtain five
learners’ characteristics measurement tools that are Real-9LCGD-Test, Real- 8LCGD-
Test. Real-C4-8LCGD-Test, Old-7LCGD-Test, and LOG-Test-21 which adapted from
Old-C3-7TLCGD-Test.

The tryouts of five assessment tools have been done wath the testing group. The
testing group have 152 students from 3" year and 4% year of undergraduate with'a grade
point average {GPA) greater than or equal to 2.75. These student testing group are used
to represent three learner characteristics groups:- computer science students (CS).
information. technology stadents (IT) and web programming and sccurity students
(WEB). The number of students in cach [carner characteristics groups are 87, 72 and 23
for €S, IT and WEB students, respectively, The tryout results of five aodels tools with
the 1¥ ranking-mean and 2" ranking-mean of 152 individuals are presented in Table 11,

Table 11 The TCG résults of from five models tools to classify the characteristic group
of theée types of computerlcamers

Real9LCGD. Reul SLOGD- Real-C4. Old-7LCGD-

T
Type of Test Test SLOGD-Test Test Lo Tt
Computer
Learner Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
r 2 1 g r * e £  \a ¥
e LeG2 e LOG2 - e LeG2 | oG % it
5 LG | Toas | WO | Tces | 462 | G | s | egs | G2 | 106

" LOGE | waGn | LoGE | wear | oG | weagr | Lo | e | oG | oeae

WEB oG

=
&
g
&

LoGs LCGH LOGS LOGE | LOGS | LOGS LeG2
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From Table 11, we found that the these 3 types of Computer Learner has 5 Leamner
Charactenistics Groups that are LCG1, LOG2, LOG3 and LCGS, By sclecting the most
common LCG from the five modeling tools, the distinet character traits of three
computer courses can be revealed. We found dominamt LCG for three types of
Computer Leamers, The LCG of CS are LOG2, LCGI and LCGS. The LCG of IT are
LCG and LOG2. The LOG of WEB are LOG2, LCGS, LOGS and LOG1

The result shows LOG2 is a dominant feature of CS, LOGI 15 o dominant feature of
IT and LCGS 15 a dominant feature of WEB. When considering the results of the LCG
analysis, it 15 found thut the tool obtained from LOG-Test-21 is most appropriate tool
since the three LOG for three types of Computer Learner are obtained with no
duplication. Moreover, the LOG resuits obtained from LCG-Test-21 are of the e
ranking-mean.

The LOG2 which represents computer learner CS, reveals the C§ learners have these
!o!IJcm'mg charactenistics:- towards success, pragmatic, self-gecepting, hardworking,
carnest, always self-development, attentive (o detail and follow-up and the results of the
work is important. The LCG1 which represents IT, so the IT leamers have these
following charncteristics:- caring, helping, generous. unselfish, kind, compassionate,
principle of others benefits rather than self-benefit and openly feelings. The LCGS
which represents WEB, the WEB leamers have the following charsctenistic:- variety-
seeking, optimistic, versatile, slwwys guest for knowledge and new experience, favor
adventurous and risk, taleot, joyous and lives planner,

5 Conclusion

The purpose of the cument study was to anolyze leamer charactenstic group. The
processes wene started by defining nine groups of leamer characterisiics called LOGDI,
LCGDZ, ., LCGDY along with creating assessment test (0 assess those nine groups
called LCDG-Test-138, The LCDG-Test-138 was verificd by 5 experts bused on 10C
znd the second tools named LCDG-Test-97 was obtined, Then the LCDG-Test-97 was
analyzed by the exploratory factor anulysis (EFA). In this step data from the exploring
tesk students of 410 were collected and indicated 92 test items from 97 were accepiable.
The results from EFA, named LCDG-Test-92, had fed to confirmatory factor analysis
(CFA). Az this step, five models and their corresponding assessment tools were
established. It revealed that the best models was Old-C3-TLEGD and the best assess-
ment tools were LOG-Test-21. The results of this analysis showed that from the nine
graups LOGD be adjusted to only seven operational definitions gronps and rensmed the
LOGL, LOG2, LOGS, LOG4, LOCGS, LOGH and LOGT. Morcover, the LCG-Test-21 had
been used to figure oul the dominant charactenstics of three tvpes of computer leamers:-
CS, IT, and WEB. It was found LOG2, LLCGT and LCGS were the dominant-featores of
CS, IT WEB, respectively.

The impartant research resolts were the 7 Learner Charactenstic, Groups, LCGI-
LCG7 together with Learner Charactenistic Growps assessment tool, LOG-Test-21 that
are further used to design the appropriate Leamner Profile Ontology, one of the important
Ontology’ profile of the course-lenmer recommendation system. [1-5][9] The Learner
Profile Ontology isexpressed in Fig, 4
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Fig. 4. Leamer Profile Ontology by Hozo editor [38]
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SCA Advice System: Ontology Framework of Computer
Curricula Advice System Based on Student Behavior
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' College of Digital Innovation Technolosy, Rangsit University, Pathum Thani, 12000, Thailand.

Abstract

The SCA advice system iz an ontology-based recomumender that provides advice on the approprizte computer
curricubum accordmeg to the behavior types of hizgh schoel studants. Ths three computer curnicula includs computer seience (C8),
information technology (IT), and web programming and security (WEEB) at Chizng a1 Eajabhat University. This study anmad
to dezign an entelozy framework for 3CA advice systems. The three core ontologies are student ontology, computer-curmicnlum
ontology, and advice antology. Student behaviors were analyzed, and it was found that the behaidor types of C5, IT, and WEB
were 3B-2, 8B-1, and 5B-3, respectrvaly. All subjects in these thras curmcula wers analyzed and grouped mto seven subject
groups. Their curricula wers synthesized in terms of bazic skills, basic kmowladgs, and characteristics. By consolidating the
curriculom nature of C8, IT, and WEB, which correspend to behavior types 3B-2, 8B-1, and 8B-5. The advice resulis for C8,
IT, and WEB can be chiained.

Index Terms: Advica systam, Education cntology, Student bahavior types, Recommendation system
offline applications [11,12,13,14]. In the tourism domam, ES

suriches traval mformation by znswering ssmantic quastions
that support personal data mieresting [1516). In academia,

I. INTRODUCTION

Cuorrently, +varions courses are awvailzbls at many

universitiez. Although these courses” mformation 1= provided
on the websites, tha difficulty of finding and choozing the
right course that meets learners’ sxpectations exists. In
addition, studsnts do not know what they like or want to do
1 the firture. Thay should be as=isted by goiding them to find
an appropriate course for ther hizher edoneation. Tha
Recommendation System (RE) [1] assists human bemgs by
providing appropriate advice that can be found in many
domains. In the commercial domam RS mitroduces products
and servicas to customers by analvzing their behavior [2,3].
In the health domain, BE recommends healtheare for
individuals, such as mutrition neaded par day [4], as well a=
food, medicine, and hsalthezre methods. In the stabistics
domain, FS offers new stahistical approzchas based om
multicniteria ratmg data [5.6,7,8.9,10]. In the technolozy
domain, the B8 supports a framework that builds enlina and

RS iz an impertant toel for the community of all leaming
lrvas, such a: managing both online and on-zite didactical
activitiez (teachimg, leaming, and sxamimation) [17,18],
mezsurng leaming onteomes and predicting pradsz, as well
as examinming how students’ academic and course atributes
influence their enrollment patterns, defining student groups
and ecoursez at diffarent  levels [19], providing
recommendations for smdyving m higher education [20,21,22]
and recommending zuitable courzes for students [23.24]. In
the career domaim, there are several career B8z [25 26] that
try to match the most relavant caresrs to uzers. With the user
profils module that stores ussrs' information and their
persenalifias together with tha job-bazed knowledge moduls
that contams relevant knowladge representing oecupations
such as abilities, skills, etc., tha system can match and
recommend occupations for nzers.
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In fact, most oniversities have found an meraazss in the
student dropout rate, which is reported m their zelf-
assessment reports every vear It iz blamed that thiz unsolved
problem was canszad by meffective curmeunlum manzgement.
Ome of the root causes of this 15 the students themselves, They
did not kmow or understand their characteristies or career
prefarences. Thiz iz because they have no sxperience or
knowladga of the natura of the courses or carser mformation.

Accordingly, they could not choose courses that met their
actuzl meeds, which cansed students to drop out of their
halfway study. This also resulted i low GPAs for those who
contmued therr studiss or zome whe had sraduated but demed
working in the same field of study. Moreover, although the
mimber of computer currienla are drverze, they are quite
similar, such as computer scisnce (C3), mformation
techmology (IT)., web programmmz (Web), compuoter
engineerimz (CE), busines: computers (BC), computer
ammmation (CA), and zo on. Mawy wuversitiss have designed
their own computer curricula, which are differant from thos=
of others, to create a2 sirong zelling point. Unfortumatsly,
tums out to be a problam for studeats who lack an
understanding of the nature of sach cwriculwm; thus, they
mizht not know which ons iz snitable for them.

Therefors, finding ways to raduce the dropout rate of
students as well as to ensure that student= are enrolled n the
right cwmicula that match therr behaviors becomes a
challenge. In this study, three computer cumienla—-C3, IT, and
WEB from Chiang Mai Rajabhat University were zelected
and investigated. Althongh the bazes of these three computer
curriculz zre similar, the specific careerz of their graduates
are differant. Those who graduated from C3, IT, and WEB

ars highlizhtad 2s programmers, anzlvsts or system managars,

and wah developers, respactively.

Crur ztudy aimed to develop a semantic-bazed advics
system for students who plan to study m the computer field.
The system 1z designad az an ontelogy-based framework It
conzists of three core ontologies: student omiology (S),
computer-curriculum ontology (C), and advice ontology (A).
Thus, we named the systam as “SCA advics system ™ Tha
svatem development process 15 divided info four main tasks.
The first tazk 1z the construction of 2 student behavior test
that conziders the dasigned student ontology and the student’s
behavior amalvas. Inm this tazk seven tvpes of student
behaviors wers extracted, and the elements of sach fype were
composed as 3 behavior tazt. Tha secand taszk 1= to enumerats
and interpret the cumiculum nature of the three computer
curriculz (C8, IT, and WEB) 1n the form of bazic sklls, basic
knowledga, and characteristics. Basic skills refer to the
fimdamental shills that students need to taks courses. Basic
knowladga refers to the kmowledgze students should have
from taking courses. Charartenistics refer to the nature of a
stmdent according to the needs of the curmenlum. Computer-
curmiculom ontology 1= dazigned to store these curricubmm

faztures, The third tazk 15 the compilation of student behavior
in the student ontolopy and ewrriculum atiributes in the
computer-curriculum ontology as the advice chapters kapt in
the advice ecntology. The 2CA advice system 1= then
constructed by applving an Ontology-bazad Application
MManagement Framewaork (OARMN).

Thiz paper presants methedelogies for designing thess
three ontologisz. Omtolopy-based tachwologies will ba
deseribed in Section [1. Reviews of recommendation systems
1n education arz presentad m Saction [ The mathods and
detail: of designing the student ontolegy, computer-
curriculom ontolozy, and advics ontology are illustrated m
Section IV, The discussion of this study is given in Section V.
Lastly, the conclosions and forther research are providsd m
the Section VI

[I. ONTOLOGY-BASED TECHNOLOGIES

Cne of the ontology-basad technolegies corrently used is
the weh ontology language (OWL), which 1= desizned for the
semantic web, The zemantic web reflects the idea that the
web should be human-readable and workable with linked
data rather than the scatterad mess of https URL: pointing to
one another. Datz ontology 1= 2 key part of bringing this 1dsa
and improving web to life. In our study, we selected this
techmology to buld an SCA advice system [27].

Digital twm definifion language (DTDL) [28] i= one of
newly miroduced examples of antology-bazed technology for
desenibing digital twin medals of smart deviees, assets,
spaces, and emvironments. It can dazeribe twin's abilities that
enzble platforms and solution: to leverage the implications
of sach digifal twm. The ontology-bzsed modelms and
evelution of digital twin for the azsembly workshop deployed
vartant of JSON called JSON-LD [29] 1= one of ths
applications of DLDT.

In this digitzl era, digital transformation has bacomes
popular in buziness. Tha orzamzation transforms procssses
from non-digital or manual to dizital processes, as well as
imtegrates digital technologies mito all parts
arganization. Omtology-based technology 15 zlso mvolved in
digital  fransformation. inclods  digital
transformation for supply chain resiliance [10], identification
of the digital transformation conceptual components required
for dezizming 2 kmowledze modsl [31), and the ontology for
(BPM) i digital

of an

Examplaz

busineas. | process
transformation and imneovation [32].

Digital transformation demands data transformation,
which mcludss developmg strategiss to accass mformation
bunied in text. Ontology-based teckmnologias are emergmg for
datz transformation. The most conumon data transformations
are convertmg raw data mto a clean and usable form,
converting data fypes, removing doplicate data, and
enriching the data to bensafit the orgamzation. Durmz tha

managament
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process of datz transformation, an analyst determines tha
structurs, performs datz mappmg, extracts data from ths
onginal source, execntes the fransformation, and stores the
data in an approprate databaze. An  ontology-driven
framework for data transformation m sclentific workflows
[33] descnibed the reduction of an integrating heterogeneous
data effort by providing data integration and transformation
tools, allowing researchers to focus on “real scisnce,” that 1=,
dizcovering new knowledze through analysis and modelmg.

lIl. RECOMMENDATION SYSTEM IN EDUCATION

A. Education Recommender Sysiem

Extenzive research on B8 have been done in the fisld of
education. The research was classified aceording to tha facks
n the educational process. Starting from pragaration befors
entermg sehool, W and W [34] prezented an B8 system that
can provide the sat of courses the student should leam by
comparmg s 'her leammg curve with the lsaming curve of
past stmdents. A leaminzg curve was created from a large
mumber of grade datasets. For higher education in India [20],
thare 1= 2 zystem that smploys contemt-based filtering
techniques to recommend suitable wniversities for users by
calculating  similar uwsers' prefersnces and interests. In
Anztraliz [21], thera 1z an education decizion support svstem
that applies the decision tree technique with applicants’ data
to znalyze the uzar's educationz] data and presents individuzl
rezultz of Anstralian universitias where the nzar can zpply.

The next step is preparation durmg the clasz. The B5 was
developed to help lezmers succead in their studies. Michasla
Oprea [17] infroducsd a collaborative ontology development
methodology framework for educational svstems called
"EduOptnFrame”. The workflow of the framework consists
of a specification of the ontology parpose, expertize domam
knowladge conceptualization, personal entology unification,
ontology mplementation, and ontology testms. An exampls
of the recommended rasult is the C4++ programmme lanpuaga,
which should be stedied m the OOP course.

During ths evalnation of stodents’ grades, ths ES
recommends measurement, assessment, and graduation.
ranking recommendztion viz domam-zware grads prediction.
Thiz RS ean help advisors recommend eourzes that are
suitable for the student:' degree: and make informed
decizions zbout course enrollments to produce better learming
outcomes. Domain-awars grades are prade datasets analyzed
using matrix factorization, user-based collaborative filtening,
and popularity-bazad ranking Students and eoursza groups
were defined by the structures of zrade data and students’
academic features.

B. Ontology-based Recommender in Education

Important attribotes regarding recommendation systems
i sducation both onlme and on-sits [35] includs 1) learnsrs'
data sach as szex, ape, GPA, mift skill, special zhility,
computer literacy, and famuly mformation, and 2)
universitiez’ data such as faculty, program, cumenla, eost,
environment, facilities, and grades (high-low). An cntology-
bazad recommender system in education 1= mtsnded to
provide gmdance based on atinbutes that ara most relavant to
zach leamer's profila The system suggests cummicula or
universitiez approprizte for the personal mformation
intarests, praferences, and abilities of each student [36.22].
The concept of the system required leamer-ontology,
courses-ontology, and mapping methodologies beturesn the
data and ontologies to obtain the recommended results.

Some research has focused on leamer-cntology, whils
others have focusad on courzes-ontology. Leamer-ontology
or some-times, callad ontological student profiles, are
popular in knowladge base construction because the learner’s
mnderstanding of the domam can be shared and reused.
Student profiles relationships, conditions, and resirictions of
ths ontolozy can be reuszad as 2 basiz for inferrme additional
student charactaristics. Student profiles contaming student
information are given explicitly by students, and are divided
mto three broad catezoriss: personzl-mformation, academic-
mformation, and general-informatiom [3738]. In [39], there
was a recommendsr system that recommended the mest
appropriate =-leaming comtent in the computer science
domain for leamers_ It incorporates two ontologias: learner-
ontology and leaming-domain ontology [40,41]. The leamer-
ontology reprezant: mformation about the leamer and his'her
relationship with the learming-domam omtology. The
leamning-domain ontology describes the learning concept of
imtarest, the leamng comcspt complsted, and the leaming
course mastered.

Courses-ontology or Ontology-bazed recommended
conrzes are designed to colleet information abont courss
gualifications and recommended courses that mest the
diffarent needs of leamers [4124] Cuwmeuhun datz
ennichment with ontology 15 an mput for teachers to reflect
omn and use a5 z training medivm in the clazssroom. Thera 1=
alzo an omtology-based curmiculum recommendation system
that guides adaptive learming by infroducing coursas to leam
and practice skills to mecrease the competitivensss necessary
for future jobs [43]

C. Ontology-based Application Management
Framework

The ontology-bazed application manazement (QAN)
framaweork [1144] 15 a2 semanfic-bazed kmowladgs
management approach.  Semantic-bazed  kmowledge
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manzgement iz 3 method of organizing and linking both
explicit and tactt knowledze to speciahized kmowledze or
ontology for information systems or computer programs. An
ontology iz stored az a structure of specialized knowladpa
developed by knowledze sngineers and domam sxpertz. Tha
OAM architecture consiste of three lavers. The first layer 1=
an ontology development tool or 2 core angine. The second
layer 1z a database-ontology mappme tool. The third layer
comprizes catology applications, such as recommender
systems and zsmantic zearch.

IV. METHODS AND RESULTS
A. Overall Framework

Tha overall framework of the SCA zdvice zyztem 1s
structurad m two proessses. The first step imvolved
identifying the characteriztics of each stndent With this
partieular purposa; the zaven-student behawior test, later
called the 7-3E test, 1z infroduced. The 7-5E test 15 a tocl for
judging student=’ behavioral categories from 7-8B types.
Students begzan by logging in, fillmz out ther profila
information, and taking the 7-8B test The system then
anzlvzas and specifie: the studsnt’s behavicr fype. The
second process 15 fo recommend a computer cumriculum that
matches 2 student's behavior type the mozt. Becanse the

vatemn iz a semantic-based kmowledps of three domains, the

main components of the system are student ontelogy,
computer-curriculum  ontology, znd advice omtology. Tha
framework iz shown in Fig, L

“rudeni LR kY

&
R S

Fig. 1. The overall Samewmk of SCA Advics Systen
B. Swdent Ontology and SB-Type of CS, IT and WEEB

Tha student domain is the key elament of ontology-based
recommendztion in aducation. The student ontology 1= used
to store student profiles. Our preliminary stody on student
ontology [45] ighlhzhted the problem of students choosing
their majers in the computer field. Since the fargat university
offsrz three simular computer curricula: computer sclencs
{C5), mformaticn technology (IT), and web programming

and security (WEB), students who were mterested
computer fialds had difficulty deciding wheeh curmeulom
they should zelect. Therefors, we extracted the leamers’
characteristic zroups for each cwrrienlum. Phrimphrai and
Chutima [43] dlustrated the processes of extracting leamer
characteristics and ravealed that there were seven zroups of
learner characteristics for CS, IT and WEE students. Tha
procezz of extraction started with the synthaziz of human
behaviers from four classical thecries: Myers-Brigss typa
mdicator (MBTIL), Ennsagram, Holland's =i personality
types, and multiple mtellizences (MI). By matching
svnomymons keywords relevant to the behavior of learmers
from these four theorles, nime special groups of leamer
characteristics were symthesized. Each group comtained
several atiributes that represented the behavior of the learers
1n that group.

The next process was to confirm whether the nine
svnthesized leamer characteristic sroups represemted tha
actual behavier of learmers. Therefore, the tests wera
constructed and asseszed using oljectrve comsistency of
items (IOC), exploratery factor am s (EFA), and
confirmatory factor analyzizs (CFA), which wers performed
on more than 400-students test zroup. The experimental
razuliz m [36] reportad that only zsven lsamer charactaristic
Eroups were confirmed. Later, in this paper, they are refared
to az the seven-student-behavior fype or the 7-SB typs
depicted in Fig. 3. Moreover, 2 measuring tool for assessing
the behavior type was constrocted, which was later called the
7-5B test.

Fig. 2. The 7-58 Types ard deasl
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After wa have 7-5B types, we analyzad student behavior
types for studentz m thras sipular computsr cumicula to
obtam the behavier type of students mm C8, IT, and WEB.
The samplas wers third-vear and fourth-vear studentz with a
GPA of more than 2.75 are selactad and considered as the
reprasentatives of studemts iIn that cwmiculum. The
participants were asked to perform the 7-8B test. Ths
behavioral atiributes of each type in the 7-3B test are 2 1-6
rating scals to mdicate the level of concordance of the test
taker's bahavior, whers | means lass concordant and £ means
most concordant. The most concordant type (1) was the type
with the larpest number of students, who rated this type as six
(6). The second most concordant tvpe (2°) was the type with
tha largest number of studants rating this type 2= five (3). The
results showed that 3B-2 and 8B-1 are 1" and 2" concordant
type of C8, 5B-1 and SB-2 are 1" and 2*' concordant typa of
IT, and 8B-5 and 8B-2 are 1" and 2™ concordant typs of WEB,
2z shown in Table 1.

Table 1. The meet and second most cancerdant bahavior Iy weps
shird-year and fausth-year C5 T, and WEB studenis

Afajor C5 IT WEB
No. of sample 37 2 23
The mest and the 1" o 1 24 1 2
second most £B-2 SB-1| SB-1 5B-1 | 5B-5. S5B-1
bebavior fvpe
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A student entolozy was designed and exeated to anahvzs
and store student profiles.  The student ontolozy consisted
of five concepts: Srudsnr profile, 7-58 Tips, Level of
concordancs, 7-5B Test, and Test resul;. The Relationship
of conecapts 1= 1z-a, part-of {p/o), and attnbute-of {a'o). The
architecture of the student ontology iz depicted in Fig. 3. The
detzils aze shown in Fig. 4.

Fig. 3.

frchitectire of the shodent onology

Fig. 4. The dels of sener amatogy

C. Computer-curriculum ontology

To determme what kind of studant characteristics this
curriculom iz suitabls for, we anzlvzad the characteristics of
thazz three curricula. There were 15 compulsory subjacts and
32 elective subjects, 15 compulsory subjects and 39 electiva
subjects, and 15 compuleory subjects and 14 elective subjects
for C5, IT and WEB, rezpectively. A1l 35 subjacts of the thraa
curricula ware analvzad, and it was found that there were
some suhjects that served as the basis for all three camicula,
zome were shared in the two curmcunla and few wera
spacifically for the curriculum. Thus, we grouped them into
seven groups, 25 shown n Table 2. The lsarnars’ basic skills,
basie knowledze, and eharacteristice suitable for takang the
subjects in ezch aroup were mynthesized Bazie skalls are the
fimdameantal skills that students should have for taking a
subject. Basic knowledge is the knowladge that studants
should prepare to take a subject. The charactensties are the
nature of the student, according to the needs of the subject.
We will later call basic zlalls, basic kmowledze, and
characteristics of the curriculum as “curriculum nature.”
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Table 2. seven subject groups @nd the rumber of subjects in She group
far ©F, IT and WES curicula

Name of Ma. of Descripfion
subject group | subjecs
AP ME R 15 Comu'n:u]:gemfurcs."rmdw
EE cumila
G IT. smoup & Cmmun:utgmsfm'CSdeT @
(2 WER. rovn i -::mmmnmjmsfmcsm WE
B curricula.
EWER. Zmm 3 Comen subjects for [T amd WE
B cumicula,
[ 3 Subjects for CF cumicuhum
IE ST 10 Subjects for IT cumricobm
__ WEE =Zroup 1 Subject: for WEE commicubom

Computer-carriculum enfelogy was designed and created
to stora the currienlum natures of the seven subject gronps. It
comprizes  of seven concspts:  Compaursr-curriculum,
Sublscigronn, Subject Subissibme, Compuser.selonss
Information.sechnplasy,  and  Web prpgramming,  The
relationship betwaen concepts waz iz-a, part-of (ple), and
attributz-of (2/o0).

The architecturs of the computer cwrricnlim ontology 1=
illustrated in Fig, 5. The datails of tha computer curniculom
ontology are shovn m Fig, 6

[
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Aapee bl
Aebgas g e

e hsna s o sins psnevi wrbpeed gy

B stals o s sl o ey
Rt o ol b g

Fig. 6. The dewls of compier-curriodum gy

D. Advice Ontology

Advice Ontology is constructed agdyice, CF, adies, 08,
curriculnm nature of O, IT and WEB. Tms can be done by
performing an intersection cperation amoeng the curriculam
natures of the subject groups where the particular cwrriculom
15 composed. For axampls, the cumicnlum nature of C5 1= the
imtersection of the comicolum nature that appears in

Cozopp. C8 1L movp, C3WEE sromp, and C3 1T
WEB_eroup, which 1z refared to as adgee 08 The
curriculum nature of IT is the intsrsection of the curriculum
natare that appears m [T zronpn, IT_WEH spup and
CSILWER.Ge, refemed to 2 adues L. The
curmiculomn nature of WEE iz the intersection of the
currieulnm.  natwre that  appears i

WEB._smmp,
C8.WEB.gmoum, IT_WEB maup. and CS_IT_WEE_

group, named adyica. IWER.
Recalling the analv=is of 3B type for the sindents n C5,

IT, and WEE, the SB-2 typs 1= the mamn behavior type of C8
student; therefore, the student who tock the 7-2B test and got
the 8B-2 type will raceive the recommandation that haisha
should enroll m ths €8 cumeulwm, Then, the system
provides adsgea, 8 to that student. Table 3. shows three 8B
tvpes (5, IT, and WEB, and their correspondmg advice.

Table 3. The SE-type and is carrespanding achio:

Fig. B. The architsctre of compuer-curiodum
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An advice ontolegy was desipned and created to stora
adiise 05, advice T, and aduice WEB, It consists of
advice concepts. The architecturs of the advice ontology 1=
illustratad m Fig. 7. The details are shown m Fig, 8.

Second, the conformance assessment of the curniculum
nztura of C8, IT, and WEB was performed by experts. The
sumemarizad rezults ares thown in Fig, 9.
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Fig. 8. The detsils of achice enoleay
E. Assessment the SCA Advice System

First, we assezzed the behavioral fype of the tarpat sroup.
The target group of the SCA adwice system 1z high school
stmdents zhout to entar the mmiversity svstem Arcording to
the principles of adolescent bebawicr, the greup of high
school stedants and the zromp of first-vear bachslor’s
stmdents kalong to the same group. Thus, 8B-fype tests wera
performad on first-vear siudents who had just entered each
curriculum. The number of stodeats in each comiculum and
SB-type razults are shovn in Tahle 4. Thev zre exactly ths
same as the 8B tyvpe for C§, IT, and WEB.

Table 4. The most and second mest concerdant behavior bne af ficst-

wear C5, IT and WEE studenis

Curriculum C5 IT WEB
No. of sample 13 16 10
E] Nl T n T i
The correct SE-rvpe ] = ! z 1 2

5B-1 SB-1| SB-1 SB2 | SBS SB2
The 5B fest result | 17 o) T Fai i E—
of tarzet gronp ZB-1 =B1|3B-I 3B2| 3B B2

Fig. 9. Summay of advice results from the coformance assessment

. DISCUSSION

Ths 8CA advice svstem was daveloped as a semantic
bazed Imowledze system. Three ontologies were then
constructed. Thev were student ontology, computer-
curnculum crtology, and zdvice ontology.

The architecture of the student ontology was 2 concept
dezizned fo store student profiles. In this study, the stored
profilss consisted of cns type of 7-8B, which was analyzed
from the test results in the 7-3B test. Tha 7-5B types [36]
ware extracted by synthesizing homan behaviors from foor
clazsical theorizs and assessing the behavior types of 400
high-schaol students. The behavioral charactenistics of 400
students were collected voluntarily. During data collaction,
wz followed the gmdsline: of research ethies, The 400
mformantz, who wers high school stodsnts undsr the
supervision of trames teachers of Chiang Mai Rajabhat
University, were explained and informed of the research
policy. The mformant= took only perscnality tests. Their
personz]l information such zs identification sumber, first
name, last name, address, or any other identifying
information were not be recordsd. The personality test rezults

of Computer Curricula Advice System Based on Student Behavior” Page 7.
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ware analyzed and greuped into studant behavioral groups.

The mformants agread to provide their personality test rezults.

With exploratory facter analysis (EFA) and confimmatory
factor analvzis (CFA), tha seven behavior typaz, called 7-8B
types, had been confirmed. They were SB-1 (the helper), 5B-
2 (the achievement seeker), 8B-3 (tha thinker), SB-4 (tha
razponzihility taker), 8B-3 (the connoizsenr), SB-6 (tha
leader), and 3B-7 (tha mediator). The student behavior types
for three zmmilar computer courses were then analyzed,
ravealing that 8B-2, 5B-1, and 3B-5 were specific student

behavior types for the C8, IT, and WEB students, respectrvaly.

Tha architectire of ths computer-cummienlum ontology
was constructed to represent curriculum nature using the
bazie skalls, basie kmowledge, and characteristics of leamars
belenging to the curriculum. To obtain the curricolum natura
of these thras curmicnlz, we started by analyzms 35 mbjects
of those threa curricula and grouping them inte zaven subjact
groups: C5ITNER. sweup, 5T zrope,
CEWEB zmup. TLWER. grown. Cflzponn. [lzroue.
and WEB. gravp.  Then, bazic skills, bazic lmowledgzs, and
characteristics for the seven subject groups were synthesized
and stored in a computer-curriculum cntology.

Advics ontology was construeted to store advice results
of cumiculum natures for C8, IT, and WEB, which wers

named advise. G5 adice.T, and adiice WEB, respectively.

The results presented the basie skills, basic knowledge, and
characterizstics that the leamer should hawve or zhould ke
Moreover, experts assessed the advice results for
conformanca.

3B-1 type behavior matched the basie charactenstics
obtamed from adjee 8 SB-1 type students wers the
achievement seekars that were hkely to be =uccsssful
pragmatic, self-accepting, hardworkmz, =amest, self-
developmant, attentive to detail, and follow-up, and the rezult
of the work will be very important for them They wera
prncipled perzons who think, analyze, and solve problams m
a systematic way; plan and work m a step-by-step manner;
dare to face problams and decids; and become logical and
rational persoms. 3B-2 was the right tvpe for the CS studante.
In addition, adiyige. 08 also provided the shall: and
knowlsdes that CS students zhould have, for exampls
computer skills, flowcharts, symbols, alzorthms, logic, sets,
3B-1 type students. They ware-helpers who were caring,
helpful, generous, unselfizh, kind, compassionate, a principls
of others’ benafits rathar than themselves, and open fealing=.
3B-1 type behavier wasz matched with the baszic
characteristics of IT students obtamed from adyice, IT that IT
students had art in designing and presenting information.
They were disciplined, prudent, and had the abulity to waork
as a team as well as to explore and experiment. Advige IT
also providsd the skill: and lmowledze that IT studsnts
should have, for example, ad hoe problem-solvimg =kills,

flowchartz/alzorithms  skills,
computer laws, and ethics.
Finally, adyice. WER was matched with the 5B-5 typs
students. The SB-3 fype stodants were connoisssurs. They
variety-sesking, optmistie, versatile, guoest for
knowladgs and new experiences, favering adventurous and
nizk, tzlent, joveus, amd Iife planners. Thiz fyps was
appropriate for the basic characteristics of WEB students
obtamed from adyice. IWEB, which was the person who was
passionate about challenging and creating new things. Basie
zhalls for WEE students were readmg and summanzmg skills,
software design and wabsite development skills, flowcharts
and algorithme skills, and mathematical and logical skills.
Basic knowledze: WEB students should prepare algorthms,
information technology svstems, and information security.

technology  mulimedia,

Wwere

V1. CONCLUSIONS & FURTHER RESEARCH

Tha BCA advice system was an ontology-based
recommender that zugzested am zppropriate computer
curriculum based on the personal information of high school
students. Thiz stody mvestizated three similar computer
curricula. Thaze ware computer soianee (C5), mformation
tecknology (IT), and web programming and security (WEB).
Becauze the S5CA advice system wasz developed az a
semantic-bazad knowledze svstem, three mam components,
namely student ontalogy, computer-curriculum ontology, and
advice omtology, were designed In this paper, the
methodologies for desizning these three ontologies were
presented.

The student cntolegy was dezigned to store the student
profilsz. To obtain the nght student profils, the tazk of
sxfracting student behavier types for C5, IT, and WEB was
conducted. The proceszes of thiz tazk started with
syvnthesizimz human behaviers from four classical theories,
and then zszezsing the student behavior type with 400 high
school smdents. The exploratory factor analysis (EFA) and
confirmatory  factor analyzis (CFA) showed that seven
behavior types were confirmed az 7-3B types for target
students. Next, the behavior fypes of students m three similar
computer curriculz wers analvzed. It was found that SB-2,
SB-1, and 5B-5 were tha specific studant behavior types for
the C3, IT, and WEB studesnts, respactively. Tha architecturs
of the student omtology was designed It contamed five
concapts: student profile, 7-3B fype, lavel of concordance, 7-
5B Test, and Test result.

Curriculum  nature represented basic ckills, basie
knowladgs, and characteristics of learners belonging to the
curriculum. The architecture of the computer-curriculum
ontology comtamed zsven concepts: Computer-surmienlum,

i Subject, Sphisct.fype, Comppfet.scisncs.
Infonmation. fechmelozy, and W I

Thea architecture of the advice ontolegy contained Advica
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