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A Modeling Method to Structure SCORM Ontology by Semantic Annotation
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Abstract:Focusing on the semantic loss of the SCORM leaning object model and combining with the semantic Web

ontology annotation technology,the paper proposes a method applying semantic annotations technology to implement

semantic SCORM information model. This method extracts semantic information from the SCORM specification to structure

SCORM ontology,in which the SCORM semantic information and semantic constraints are formalized through axioms.Then

on this basis,the existing SCORM resources can be extended with some semantic annotation,to map elements and attributes
in the SCORM model to the SCORM ontology.Based on the syntax and semantics of SCORM,this research transforms
the SCORM information model into the SCORM knowledge model,and promotes utility of SCORM learning objects to

knowledge reusability and knowledge interoperability.
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1 5|5 (Introduction)

eI R H AR fE i, i TADL(Advanced
Distributed Learning))SCORM(Sharable Content Object
Reference Model) BIF " H A AT 17 4, BfEYE. HeAER
EAMESLE, WG T 2N AR, HEHT
HAISCORM{E B AU AR R XML Schematf AU g X
w5, XMLFMXML Schema$f RIFAH&1E E LATEE
15 A SCORME BB i1 A7 B ANE LA Rk
A, B R IFSCORM EZAF S AL L IEFE RN #HITSCORM
B XAGBEGY . KT IXIAESY, H miE WM R B R
T 5 LM (Semantic Web) BRI A ., HF, W
B MENES RRSHW LT E(LSAL: Learning Systems
Architecture Lab of Carnegie Mellon University)g& %
SCORMAAALBIFHI Z —, LSALBIRAHR 14518 XM AR
YHASCORM 2. xHEZLZ 1 PASEIISCORMAYIE LM, AR

EEWA ]V AR RS EEERE RO . BT RN EE AT ARG (45 KY2015LX483)

WA (4’5 2016ZC14) .

BT —RIEERMATE R B GV REES R A
BT 8 S B¢ R TR TR 2R 7 R IR HE 3 T Y R OR AR
], TEmREHE AR UEGE, 6 15 LB A A E AR
MRAEMBERKARGECER I —EH ., HPXIEEE
LOM(IEEE Learning Object Metadata)brifE W5 5 A 7
G, HWFR Iy 10 EER @A IEEE LOMARMER A (A (b4
EE SRR A E, IMS LDARH#E(IMS Learning
Design specification) A& L9 FEAEFTIMS LDHIHA
FORANIE X AF I, TE H B %S CORMAR M 4 {45 74
i, EWNAMEEN R CEUE TRZ 2R MIFRE,
F- B AR R B R (1) 6 ik B 4 X SCORMAE B ALY 47
AP AR (2)SCORMITHRE A5 (3)SCORM
XML Schemafs BRI B AR F R IEF R, 7£HE
SCORMARMEA AR RITT ST o, BTG A5 S8 B AR A P 74 B
WA RSCORMAE BB R4, BRfIOWL, DAML-S%

PONFBEACHAIGE . “E—learning e A fx
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X ESVER TR SCORM/E BT B, MAMT
XMLE AR E Lt bas BB E B E RS, R
T BEIFEERER &AM ASCORMMFLTE 2 > X 4 ¥%
TRRIESE, EAAXML SchemafliiTHE R TR HEX MLA R A
BIAERAER, WG BEANE YRR R B2 B ARA MR
AR, (HRXMLE AR R R m, S0A
P T SCI AR AR T8 5 JCYA TR Je i), A SCORMMEEAY 58 285 4y
OWL, DAML, RDF&if X MG T RNMAGER, ERA
B TESCELRETT, AT —REEEE ] R AR E AT
WHBAVERAE T A, (AR R S BUE B A 1 1 I
gEb It e s, mH, BTSCORMARHEYEE—Learning
Sk 2, B ISCORME: > it 42 S5 B i Ji i il A
HRFERES, HRFBRE] T8 ARS CORMA R A A A

A SE A W T AR ST A B AR, 3Rl A A A
PR 77 LIS CORME ) S AR B A A . %07 eI
A SCORM= ) X AUy Bk b, 3408 RS E, 5K
LS CORM N G B A 114 70 22 1 & 1tk Bt 33 3] — ~S CORMUAR {5
B, WA ASCORMMIEM X5, VERA RIS H5]
T . TEXNSCORMAMAIAIH, XTSCORM: > X G517
PTG SCE SURIE LR, %0755y R 78 L SCORMIE A&
RN A SCORM2E 3 X Rl 718 XARE =AM, &
—, VT E LSCORMIE BRI A AR, LA
SCORM XML Schemafi B AL H1 Y 7T R WL S A (A A
J4(Class) i, TESCORMH & ML B A AR (A AB A 40 28
BJEM(Data Type Property), PAMREREE S SCORMAR &
MR AR ] T X SCORMIT Z A M iE L35, 75
BAAREER AR TR B AR LA
B EEREF ], £, HHZOWL DLAHYSCORM
ARRBERI AT IR LY 7, E 2 8 ISCORMIE {5 B AE X
AW, 15 F EFE X AR ESCORMME SR, JHH
FRERZ X el LA R TR R, I B OWL DL
I F SCORMAR R AL 28 = I XMLA B HA Y
AR R R, ARYE A M T0E SRR EAR, XTI
SCORM XML SchemafiZljE X, PAKSCORM=: > X4 ik
T UhRTE, AN USRI AR ENE TR Bl b, 8Os
A MEHE S, PASEHISCORMARHER A AL,
2 SCORM({E 2=E YA KRR EH(Ontology mapping

of SCORM information model)

AL TSCORMIE XAk e, poefiEEr—
A 5SCORMAE B —FWSCORMA (REAY , 1A% (R AL
B XA R /RSCORMYE BEAY, 1EHSCORMAE B ALY 4= {4
BRET, %A B 5E 4 MSCORMBLTE, A BIiE A5 &
B5E A MESCORMM, W% 4. R/iEa. AFRash,
RYR, B, ABARSE, BAKEEEHASCORM
XML SchemafF BB 1 i 0 2 B G kAR (A8 2 1 25 (Class)
FIARE, HESCORM H & MWL 2 A= (A AL 7 o 50 4 2 B J
(Data Type Property), #8SCORM?2g>] X4 R FA
PASHL i A

SCORMfE BB AL i LT Tk 2 2 i R il XML
TLEMEMN, IESCORMAFM SHEA F, SCORMAEEAL
PEXMLIT R BN R 28, S48 TN 2848 B 28 (B R PR — 2L
SCORMBEM i ) ST B il Y fiv 44 25 (8] 4 . http.//ltsc.
ieee.org/xsd/LOM(HE] %% Klom). http://www.imsglobal.
org/xsd/imscp_v1pl(Ei% ~Himscp). http://www.
imsglobal.org/xsd/imsss(H] 2% himsss). http://www.
adlnet.org/xsd/adlcp_v1p3(Fi%i ~adlecp). http://www.
adlnet.org/xsd/adlseq_v1p3(giZi ~adlseq). http://www.
adlnet.org/xsd/adlnav_v1p3(§iZ Fadlnav)V, EAGfCHE M
TCER B IR1ITR,

<1 SCORM#B 4> T & By AR &
Tab.1 Class map of partial SCORM elements
SCORMEBIXMLIC % %4 SCORMA fA BT 28

imscp: manifest &imscp; manifest

imscp: metadata &imscp;metadata

lom:ifeCycle &lom;ifeCycle
imscp:organizations &imscp;organizations
imscp:organization &imscp;organization
imscp:item &imscp;item
adlcp: timeLimitAction &adlcp;timeLimitAction
1msss: sequencing &imsss;sequencing
adlseq : objectives &adlseq ; objectives

adlnav : presentation &adlnav ; presentation

TESCORMAfAAR & A, SCORMAEAL 'y XMLJE P
i Datatype Property, J& 44 Fl & 144 Bk 23 (AR Or 4 —
., BAREBMEMERBUE I RN,

#2 SCORMEBS & 1 B Mk 5%
Tab.2 Class map of partial SCORM datatype property

SCORMpumgp SCORWKIBIG

Datatype Property EL®

imscp:default &imscp;default  &xsd; IDREF  &imscp;organizations

adlseq:objectives &adlseq;objectives

&xsd ; hool &imscp; izati
GlobalToSystem  GlobalToSystem Xsd; boolean cumsep; organizations

imscp:isvisible &imscp;isvisible  &xsd;boolean &imscp;item

&imscp;

imscp: parameters &xsd;string &imscp;item
parameters
adlcp: &adlcp;
&xsd; bools &adlcp;
readSharedData  readSharedData xsdsboolean adieb;map
dlep: &adlcps
adiep adiep &xsd ;boolean &adlcp;map

writeSharedData writeSharedData

ETIWRIRMER, A3 ReB TREAREEN TR
FUB LR AR Y, HA TR MM kSR rso
R ILR
3 SCORMZ{HRHEEI /MR R T(Axiomatic representation

of SCORM ontology model)

SCORMAABBI AN IESCORMMMBM TR, B
M SCE X, i FESCORMALE I 1 X293, X lkSCORM
XML Schemafg B#EH, SCORMAAKH KM HZ —F
TIERARR T2 MR R L& 2 R, HiE T
47 SCORMA KA R [ 2 il J& M AESCORMAE B ALY /1Y
MBS R 7R T T 28 57 S CORM AR (AT &l 2 g L iy |
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A ABER, WIMSCORMMIEME UFE, FEAR
SCORMITEME X R AIE L@, SCORMEH:SmE [
HIMNJE R ERL, PAKMNSCORMBLE 42 BUE A5 BAIE X
LI,

N TR RSCORMATE FXMLITR Z BRI ME R R, £
AARBERY AT A~ObjectProperty J@PE:  “subElementOf”
1 “subElement” , WANMEMEE A RE, X E MR
TXMLEFHTEE X, HRRETXSCORMIEMIE L
N ANEFOR, H “subElementOf” FHRTFITESLTE
ZERMEXF; “subElement” FRLTES FLEZE
FIMNE R R,

TEf# i subElementOfflsubElement %S COR M 7 {4 A%
SRR A HIT RN, BFEHESCORMMIE P TER
ZRIRE AR, BN, HIAR, AR SCA
EFscgyEY, X eeiE UE B E7ESCORM XML Schema
5 BERIE U XSD 4. Content Aggregation Model#i
LAY . Sequencing and Navigation# iz LA Run—
Time Environment#iE k4., T X Phorganizations#
organizationseZ A, BLIAZIEAMMERREE,

FESCORMMFE Y, organizationJt 2 Forganizationsfry
TItE&, HZERorganizationsH/bF H1—{~organization 17t
K, MR ZENZMNERRNAERR A .
organizations < ( 3 subElementOf.organization) n (=1 subElementOf)(1)

iR RERE AR RN

organizations’ c( 3subElementOﬁorganization)' A (=1 subElementOf)”

)

(3subElementOf.organization) ={x| Jy.(x,y) € subElementOf andy € organization’ }
(=1 subElementOf)’ ={x[#({y|(x,y) € subElementOf'})=1}

OWLAMRIEER RN «
Class(
organizations partial
(restriction(subElementOf
someValueForm(organization))),
(restriction(subElementOf minCardinality(1)))
)
OWLIFHFRR N :
<owl; Class rdf:[D=" &imscp;organizations” >
<rdfs:subClassOf>
<owl: Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Restriction>
<owl:onProperty rdf:resource="subElementOf" />
<owl:someValuesFrom rdf:resource="&imscp;or
ganization" />
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf:resource="subElementOf" />
<owl:minCardinality rdf:datatype="&xsd;int">1</

owl:minCardinality>

</owl:Restriction>
</owl:intersectionOf>
</owl: Class>
</rdfs:subClassOf>

</owl; Class>

SCORMJEM 5 TTE Z AN A& X R AT LB I TR B
IRV ATEI, TERAEEHTIE R, WHREHEE
JEVERIEIA R BN IR, ARIIE SCAR BT
WAH, F L PAorganizations TR Hstructure/g& A B, 1E
B EAE,

TESCORMMLTE #, organizationsJtiZ 7] PLEF —1
structureJgfE, structure/g@fEE T w ks, HEIREA DT
PR, TR B BN IZNE R RN AEERRN

organizations < ( Vstructure.xsd:string) N (<1 structure) (3)
iR B E OB R -
organizations’ c (Vv structure.xs:string)’ - N (<1 structure)’
(V structure.xs:string)’ ={x| Vy.(x,y) € structure’ >y € (xsd:string)’ } (4)
(<1 structure)’ ={x[#({y|(x,y) € structure’ })<1}
OWLIGIEER RN :
Class(
organizations partial
(restriction(structure allValueForm(xsd:string))),
(restriction(structure maxCardinality(1)))

)

OWLIEHZFER N :

<owl:Class rdf:ID=" &imscp;organizations” >

<rdfs:subClassOf>
<owl: Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Restriction>
<owl:onProperty rdf;resource="&imscp;st
ructure" />
<owl:allValuesFrom rdf:resource="&xsd;string" />
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf;resource="&imscp;st
ructure" />

<owl:maxCardinality rdf:datatype="&xsd;int">1</

owl:minCardinality>
</owl:Restriction>
</owl:intersectionOf>
</owl: Class>
</rdfs:subClassOf>

</owl: Class>

BT BRI EALYR AT, BFEXMSCORM
L PR BUE UE B AE AW, I 2 38 X 2615
N ARPATEREL, TILPASCORM Content Aggregation$i AR
A4S CAM—3—11T1 5| FIIMS Content Packaging s+
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Item TR 5| fresource LR AR AN, #HEHISCORMIE
SAF BB b R R T

SR ) A -
that do not have children) may reference a learning
resource.” FESCORMMRGHERIESEH, X% A (15 S AFRE
A FEltemfyAMAH, HAimscp: hasPart)/g 4 E G ItemF
TEFEFHRR, —rBHERN:

Va|a€E€Item/\ (3b | bEItem/\subElement(a,b) ®

“Only leaf Items (Item elements

3¢ | c € owl:Thing/\identifierref(a,c)) )
R E IR N
[tem < (3 subElement.ltemN -3 identifierref. T )U ©6)

(-3 subElement.ltemN 3 identifierref. T)
OWLAMRIEEFRIR N«
Class(Item, partial unionOf(
intersectionOf(restriction(identifierref
someValueFrom(owl:; Thing)) ,
complementOf(restriction(subElement
someValueFrom(Item))) ),
intersectionOf(complementOf(restriction(identifierref
someValueFrom(owl; Thing))) ,
restriction(subElement someValueFrom(Item)))
)
OWLIEAIZIR A«
<owl:Class rdf:resource=" &imscp;Item” >
</rdfs:subClassOf>
<owl: Class>
<owl:unionOf rdf:parseType="Collection">
<owl: Class>
<owl:intersectionOf rdf:parseType="_Collection">
<owl:Restriction>
<owl:onProperty rdf:resource="&i
mscp; resourceref" />
<owl:someValuesFrom
rdf:resource="&owl; Thing" />
</owl:Restriction>
<owl; Class>
<owl:complementOf>
<owl:Restriction>
<owl:onProperty
rdf ; resource="subElement" />
<owl:someValuesFrom
rdf: resource="&imscp;Item" />
</owl;Restriction>
</owl:complementOf>
</owl. Class>
</owl;intersectionOf>
</owl: Class>
<owl: Class>

<owl:intersectionOf
rdf: parseType="Collection" >
<owl:Restriction>
<owl:onProperty
rdf:resource= “subElement" />
<owl:someValuesFrom
rdf: resource="&imscp;Item" />
</owl:Restriction>
<owl: Class>
<owl:complementOf>
<owl:Restriction>
<owl:onProperty rdf:res
ource="&imscp;resourceref" />
<owl:someValuesFrom
rdf: resource="&owl; Thing" />
</owl:Restriction>
</owl:complementOf>
</owl: Class>
</owl:intersectionOf>
</owl; Class>
</owl ;unionOf>
</owl.Class>
</rdfs:subClassOf>
</owl; Class>
4 SCORM({E BAEBYHIE X FRiE (Semantic annotation
of SCORM information model)
SCORM 5 B AL1E SCHRVE /Y H 1Y 2 72 A B % H Al
SCORM({F B A iE VA A5 M Y LAl b, 388 3 49 i XML& 1 B
PRA, $ESCORMEUE IFE A 7 {4 S il B 4 ik 5t $| SCORM A
AR, PAIREISCORMAE B A BHfE L, AlasH
SRS RE AL PR AL R, B BT ARIE SRR R A
FEWIFP, H— R AR T4 R A S S SR e, R SR
T BT B S RS A — A SOR R, S R SOR OR A
i, BT SCORMMEA S HA R FRILE, i1 im
PR ITE M A SCORMAE BB A IE I iE AR TS At T
Al A SCHR 1 AR EE T 545 % T SAWSDL!"(Semantic
Annotations for WSDL and XML Schema)if ¥ ArvEfd
H, RA¥V EmodelReference@ 1%, {EIrEFEEEEEA
SCORM({E EAL E Y xsd 3 FISCORME: 3 X 4 1 B xml 3L
f(imsmanifest.xml), 58 XFSCORMMITE AR,
7z 3 hmodelReference & % € B A FRES 6] Ahttp: //
www.adlnet.org/SSCORM, HXML SchemaffjiE X 5.
<xs:schema targetNamespace="http://www.
adlnet.org/SSCORM"
org/SSCORM"
XMLSchema">
<xs:attribute name="modelReference"
type="listOfAnyURI" />
<xs:element name="attrExtensions">

xmlns="http://www.adlnet.
xmlns:xs="http://www.w3.org,/2001/



204556

3K A AR E SCORMA A AL 1) J5 V5 59

<xs:complexType>
<xs:anyAttribute namespace="# tany"
processContents="lax" />
</xs:complexType>
</Xs:element>
</xs:schema>
modelReference@ LA TR E U xsd XX
- <xsd:element>, <xsd:complexType>.
<xsd:simpletypes>Hi<xsd:attribute>ZE 0 EH, FRZEIT
RIS RO B AR . B ] DUE ] T SCORM
3% 4 i X ml S (imsmanifest . xml), Fx#HXMLIGZ 56
VERIXS AR e —AAAAR AR TR
T 3 PASCORMAE B AL AR JT R manifest 6, RBIH
manifest TR MIE AR
<xsd:element name="manifest" type="manifestType"
sscrom :modelReference="http://www.imsglobal.org/
xsd/imscp_v1pl #manifest" />
<xsd:complexType name="manifestType">
<xsd:sequence>
<xsd:element ref="metadata" minOccurs="0"
sscrom:modelReference="http://www.imsglobal.org/
xsd/imscp_v1pl #metadata" />

="organizations"

<xsd:element ref
sscrom:modelReference="http://www.imsglobal.org/
xsd/imscp_v1pl #organizations" />
<xsd:element ref="resources'
sscrom : modelReference="http://www.imsglobal.org/
xsd/imscp_v1pl #resources />
</xsd:sequence>
<xsd:attributeGroup ref="attr.version" />
</xsd:complexType>
<xsd:attributeGroup name="attr.version">
<xsd:attribute name="version" type="xsd:string"
sscrom:modelReference="http://www.imsglobal.org/
xsd/imscp_v1pl #version" />
</xsd;attributeGroup>
manifest It E 2 SCORM24 Y Xf Limsmanifest . xml 3
HRRTER, HXMLEEA RN FEimscp_vipl. xsd {4
HE X, fEERARGIARF, FEimscp_vipl.xsd X,
8Tl 5 X hRFEmodelReferencefg i, HEXMLITE
8 LW R A R R 2 A @ % . manifestToRBLS K
SCORMA A fhttp: //www.imsglobal.org/xsd/
imscp_vlpl #metadatazs, metadatajcZEME ~Hhttp://
www.imsglobal.org/xsd/imscp_v1pl #metadatazs,
organizations GBS Ahttp: //www.imsglobal . org/xsd/
imscp_v1pl#torganizationsZé, version/@ LS Fhttp.//

www .imsglobal.org/xsd/imscp_v1pl #versiong ., PAIL

B e S F AL ISCORMA: S X RGBS, XMLITHR

RIS X B A

) AR G2 2] X G 45 1R 2R 40 RT AGE AR (R HEBE AL
FFSCORMA AR FIS CORM 2 > A 4 i B SO kAT AR 1A
W, AU, H A A R LA Pellet,
Racer, FaCT++, Jess, Jena%§, mPAMRIE=SEHRGH
T RETR RIESEA [ AR
5 #5if(Conclusion)

B AT S CORMMLTE 2% > Ao G AR RUAF A 1 1 Ltk 2k 1)
W, ASCo T T A AR BORPREAS (AT 52 1) 1
R, AR X WebARRARIER SR, I I T — P 1 AR 15
AR IS CORM = M R GAEIUABALI T %2, %7 SRHE
TR BRFF A SCORMA X W R XML ZE M B Rl E, 12
FISCORMAERI AP ALE , I3 il — P modelReference)g
P, SEISCORM: 2] X SRR Iy XMLIT R 8 £ 5SCORM
AR SR AR . XS CORMA AR A ) 21 s 13
HKIETSCORMARME, EERSAL . AFR=M. BIES . TRZ
I JE KA IR D EELR, EEARSE, 55
SCORMMEAFF— B, WIS CORMBLTL A i1y
B SUE BT, iR 2 S e R . Xk
T A5 E AL Y T B SCORM A AN A A v, figf e
SCORMERFiH SR 1Y IR,

2T R RESE A XML Schema e 1 14 45 14 1b £ 38 i 11
%, XA DAEARXMLITRBGT BI AR SR g m m b, il
1 X WEBH AR FESCORM: ) X R i LR, W4 H Al
EATFAERISCORM = ] X G i A AL SR B FE nT 471 75 2K
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