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ll. Ontology Based Approach

to the Personal Learning Collection Creatlo
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Knowledge Representation Model

Requirements

* Model should be able to represent different types of semantic
relations including hierarchical relations;

* Model should be modular and extensible;

* Model should support the accumulation, sharing and reusing
the knowledge about objects and subjects of learning process;

* Model should provide the consistent description of domain
objects.



Metaontology for the learning resources D -

retrieval and integration into the
personal collections (IDEFS5)

- provides the consistency and integration of resource descriptions, data domain of the
learning course, learner profile and personal electronic learning collection due to use of
the common ontology domain for defining and reusing the properties of the objects and
subjects of the learning process

Learmning
Course

Domain

Ontology

Learning
Resourse
Ontology

Learner
Frofile
use

M =< Op,C, Inst,R, I >, (1)

where M — meta-ontology;

On = {ODD,OELR,OC’OL,OL} — set of ontologies, Opp
— learning course domain ontology, O r — learning resource
ontology, O¢xor, — personal learning collection ontology, Oy,
— learner profile ontology;

C - finite set of meta-ontology concepts, C' = @;

Inst — finite set of meta-ontology instances, Inst = &;

R = {has,uses,includes,is} — finite set of meta-ontology
relations;

I — finite set of interpretation rules, [ = .

Learning
Resources
Ontology




Formal problem statement of creation > y
of the personal learning collection ("2) = 7= ,74 o
Given: learner profile as a search query Q = (I, R,),
where I, — set of instances deﬁned on the ontology Oxs; Ry
— set of relations defined on the ontology O ;.

Set of instances: I, = {iQ1,iQ2, .., iQn }»

where ig; C Cf; — instance of class C'1; of ontology Oy,
(learner);

{iga...igp} C CpLa — instance of class Cs of ontology
O, (preferred languages);

1Qi C C'ra —instance of class C'r4 of ontology Oy, (current
learner competences);

igo C Cpr4 — instance of class Cpr4 of ontology Oy,
(outcome learner competences);

{igq---igr} C Cppa - instances of class C'pp2 of ontology
Opp (current and outcome competences defined through ig;
and iQO);

{igs...igt} C Cprs — instances of class C3 of ontology
O1, (complexity level);



Formal problem statement of creation (-:/ 8( &
of the personal learning collection (2/4) = = === ,7[) -l

Set of relations: R; = {7Q1,7Q2, ---sTQm }»

where g1 (1Q1,%Qi) = rr2 — relation defining current
learner competences on ontology Oy, through i¢;;

ro2 (101, 1Q0) = T3 — relation defining outcome learner
competences on ontology Oy, through ig,;

rgs = 7rre — relation defining preferred languages on
ontology Op;

rQa = TpDY9...TQP = Tppg — relations defining current
and outcome learner competences (for ig; and i¢,);

rop---rQq — relations defined between the competences;

rQs---roe — relations rp, defining mastering level for
current learner competences;

rQu---TQv — relations rps defining mastering level for
outcome learner competences.



Formal problem statement of creation
of the personal learning collection (3/4)

igs igs+l g

Ontological representation of the search query (fragment of semantic net)



Formal problem statement of creation

: : . -
of the personal learning collection (4/4) . 7@
E oy D )
Define: the personal learning collection as a fragment of
semantic net Foor, = (EFR, R), where R — set of relations
{rcors}, ER — set of learning resources relevant to search
query Q.

1. Define subnet O which is relevant to search query
(? and includes the set of resources LR; (instances of class

CELR1)-

2. For the learning resources with input competences c;
defined by relations rgr g1 (E'R, ¢;) which do not belong to the
set of current competences of the learner {iq,, 7, }, redefine
subnet O r: add learning resources with outcome competences
¢; and define the following relations — rcor2 (COL, ER),
where COL — instance of class Coor2, ¥R — instance of class
Crerr1 belonging to net Ogp; relations rcors (ERi, ER;)
which define the sequence of learning.




lll. Ontology-based Method for " ’ ol ./r

Electronic Learning Resources
Retrieval & Integration

1st stage: search for subnet Oy relevant to search query ().
The search is performed using inference engine on the base of
semantic rules defined in the ontology as a set of Horn clauses.
To implement this stage the semantic rules were formulated
for parametrized search on the following parameters: preferred
language; outcome learner competencies; mastering level of
competences; synonymy of the terms in subject domain.



lll. Ontology-based Method for

Electronic Learning Resources
Retrieval & Integration

2nd stage: redefining subnet Og. To implement this stage
the semantic rules were formulated to search the additional
resources on the base of current learner competencies, and
search the auxiliary resources, as well as the rules for defin-
ing the logical links between learning resources in personal
collection. Auxiliary resources are the resources which are
not included in the set of additional resources because of too
long learning sequence but these resources can help to get the
missing competences which are not provided by the set of
additional resources.



act Personal Learning Collection creating )

1st stage
2.1
Z2nd stage
2.2
2.3

-~
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Ontology Reasoning Rules for Parametric

Search of the Learning Resources -4

- ey D ) \
The SWRL-rule for learning resources retrieval based on the preferred language
and learning resources has the following form:
COL : hasStudent(?c, ?u) A L : hasLanguage(?u, ?I)A
A ELR : hasLanguage(?r, ?I) — COL : hasResourceByLanguage(?c, ?r),
where ?c, ?u, ?|, ?r — SWRL variables,
COL : hasStudent, L : hasLanguage, ELR : hasLanguage,
COL : hasResourceBylLanguage — ontology relations with ontology prefixes.

The SWRL-rule for learning resources retrieval based on the outcome competencies
and resolving the synonymy problem has the form:

COL : hasStudent(?c, ?u) A L : hasIntentionalDataDomain(?u, ?d)A

ADD : hasCompetence(?d, ?cmp1)AELR : hasOutputCompetence(?r, ?2cmp2) A

A DD :is(?cmp2, ?cmp) A DD : is(?cmp1, ?cmp) —

— COL : hasResourceBylntentionalcompetencies(?c, ?r).



Ontology Reasoning Rules for the Learnlnf_=

Resources Retrieval Based on the
Target Knowledge Field of the Learner

The SWRL-rules for learning resources retrieval based on the target knowledge
field of the learner:

COL : hasStudent(?c, ?u)A

A COL : hasResourceBylntentionalcompetencies(?c, ?r)A

A L : hasintentionalDataDomain(?u, ?d) A DD : hasCompetence(?d, ?cmp1)A
A ELR : hasOutputCompetence(?r, ?7cmp2) A DD : is(?cmp2, ?cmp)A

A DD :is(?cmp1, ?cmp) A L : hasintentionalComplexity(?cmp1, ?level) A

A ELR : hasOutputComplexity(?cmp2, ?level) —

— COL : hasResourceByOutputDomain(?c, ?r).

- Additional SWRL rules defined similarly to the rules above

- Algorithm for additional learning resources retrieval based on the current knowledge
field of the learner described



Rules for Creating the Personal Collectio é[ 4
& D

of Learning Resources

'
The personal collection of learning resources is the sets R, and R, (defined with

relation COL : hasResource) of learning resources and the set R, of auxiliary
learning resources with logical relations between the resources defined with the rule:

COL : hasResource(?c, ?r1) A COL:hasResource(?c, ?r2)A

A ELR:hasOutputCompetence(?r1, ?cmp1)A

A ELR:haslnputCompetence(?r2, ?cmp2) A DD:is(?cmp1, ?cmp)A
A DD:is(?cmp2, ?cmp) — COL:hasNextResource(?r1, ?r2).



Ontology-based approach to creation of

personal learning collections
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Personal Collection

Quality Assessment

/
Precision: p = ‘RLOOL‘
|RL 6 |+|RL{
RLcoy ]
Recall: r = R
F-measure: F = —2+,
pTr

where RLCO ;, - relevant resources of the collection,
RLOO r - 1lrrelevant resources of the collection, RL -

relevant resources i1n the repository, RL" - irrelevant re-
sources in the repository, RL - resources in the repository,

RL-op - resources of the collection, RL URL” = RL,
RLCOL U RLCOL — RLC’OL
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Personal Collection Builder

ol Collection Builder

ol Collection Builder

File

Connection setup | Browse collection | Console/Logs | About |

File
| Connection setup | Browse collection |Cor15::le.—"Log5 I About |

[ View collection ] [ View collection tree

[ View collection ] [ Wiew collection tree ]

Collection: hitp://www vstvorg/onto/PC/ 20060408/ PC.owl=PersonalCollection 1
User:
http://www vstorg/'onto/PC20060408/ PC.owlEUser_1

Languages: m,
Expirience: medium, beginner,

Current knowledge: DataType 1, StructuredProgramming_ 8, ObjectOrientedProgramming 3,
BasicAlgorithmicStructures 1, ProgrammingStrategies 1,

Objective nowledge: Array 1. Char 1. String 1, StructuredDataType 1.

Collection:

CTp oL, MACCHERI CHMEOIOE 1 VEasatemt Char® Language: m Levels:beginner, medmm,
advanced; Definttion, Description, CO

Trm gameem Language: ru Levels:medium, advanced, beginner; Descnption, Definition, CO

CIpVKTVPHp 0EAHHEIE THITE] JAHHBI: MACCHEDL CTPVETYPEL 0 0beMHMHeHA, Mepe oMbl THITED
Language: m Levelsbeginner, medium; Example, Description, CO

MaccHE Kak Ip0MEEOIMBNT i gaHHen Language: mu Levels:medium, beginner; Description,
Example, CO

Trme: gansen Language: m Levels:advanced, beginner, medium: Description, Definition, CO

| 3

m

LIPS RV PP OEAARBIT THIIBL Od0AbIL. MdAUUEDL TP RIVEDL,

00D eMIHEHIA, DepeuMcTMEBIe THIEL Language: m
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» [lepeuncoenne, Enum
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0 0B eHHeHIA, DepeuMcIMEBIe THIEL Language:

Levels:medium, beginer; Example, Description, CO

Trm paremo Language: m Levels:beginner. advanced, mednm:

Description, Defimtion, CO

» Maccue, Array

MaccHE Kak MpoMsEOIHELT THI JaHHb: Language: m

Levels:beginner. medium; Descnption, Example. CO

CIpVETYPHp OESHHEIS THITE] JAHHBL: MACCHEBL CTPVETVPEL

00D eMIHEHIA, DepeuMcTMEBIe THIEL Language: m

Levels:medium, beginer; Example, Description, CO
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Description, Definition, CO

» Muoromepusit maccue, Multidimensional Array
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Language: m Levels:medium, beginner; Example,
Description, CO
o TexHomOrMM mporpaMMHUpOE aHHA
» Structured Programming, CTpyeTypHOE NporpaMMHpOEaHie,

Textomorua CTPYETYPHOTO TIpOrpaMMHpOBaHHa
» QOII, ObseKTHO-OPHEHTHPOEAHHOE MPOrPaMMIPOEaHIe
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Personal Collection

Quality Assessment Results

1) the average time of collection creation decreased
almost by 99%;

2) automatically generated collection contains 100% of
learning resources obtained by the intersection of the
collections created by tutors for each student, and
91% of learning resources obtained by combining the
tutors collections;

3) the average value of collection recall increased by
29%, precision - by 2,9%, F-measure - by 16,3% in
comparison with non-automated process.
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Conclusion > )7/ >
-

-. oy D ) \
- The concept of learning management in the open learning network was
proposed on the base of learning resources retrieval and creating the personal
learning collections using ontology-based approach.

- The ontological model for knowledge representation was developed
including ontologies of learning course domain, learning resource, learner’s
profile and personal learning collection. The last one includes the ontology
reasoning rules for creating the personal learning collection.

Also the algorithm for additional learning resources retrieval was proposed.

- The software architecture and tool for creating the personal learning
collections were designed and implemented within framework of proposed
knowledge-based approach with employment of the object-oriented analysis
and C# language.
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Further Work

- Developing the software tools for creating the learning
course ontologies and annotating the learning resources

- Developing the ontologies for other university courses
- Filling up the repository of learning resources

- Integration with LMS Moodle
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Learning course domain ontology

hasLanguage

hasTitle
hasLanguage
DataDomain|_hasCompetence
P hasTitle
dEpEDI‘I

include: ;
hasComplexity

is isSynonym
is Language
is :
g FCompetence
is
IS S{KCompetenge ONKCompetenfe

‘ is
Competency
k .

hasHierarchicalRelation is

ICompetence

O.=<C Inst._, R I

>
DD DD ’ DD’ DD ’ 'DD



Learning resource ontology
(fragment)

hasBibReferance

hasURI hasTitle
hasLanguage
Language
Hae
PCollection ls-a 2 "'”pwc,am
aS'G f-’Ete
WDWCO e
is-3 Mpey, J
“Nee asQutputComplexity
is-a Competence
Lo is-a ;
{Learning Is-a
8 hasinputitg
iS-a
Dobj co
{Didactical (Content

Object)

is-a

Article

e

Definition

is-a

I15-a

Oy,

ELR’

Inst

ELR’

R

ELR’

>
ELR



Learner profile ontology

HasCurrentDataDomain
hasLanguage

DataDomai

hasintenticnalDataDomain
asCurrentComplexity

asCompetence

hasintentionalComplexity

O =<C_,Inst ,R,
where C, — finite set of concepts of Learner profile ontology;
Inst, — set of exemplars of classes C, of the Learner profile ontology;

R _— finite set of relations of Learner profile ontology;
| = @.



Personal learning collection ontology

hasStudent hasResource

PCollection duResource

hasinputCompetence hasNextResource

asOutputCompetence

O., =<C

COL

R I

InStCOL » 7 °COL ’ COL >,

coL’

where C_, — finite set of concepts of Personal learning collection ontology;
Inst.,, — set of exemplars of classes C_, including created personal collections

that can be stored in the repository of personal collections;
R., — finite set of relations of Personal learning collection ontology;

|.,, — finite set of reasoning rules for creating the collection.
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