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Abstract

Skilful graduates are an asset to a country, as the primary supplier for the
workforce of the industries. Having an abreast set of industry-required skills implies
employability regardless of the nature of the job or the field of employment. In a Sri
Lankan context, the demand for graduates has exponentially increased over the past
few years, specifically in the field of Software Engineering. The requirement for entry-
level jobs depends on the skills possessed by employees. Thereby, the university
curricula play a substantial role in the skills of the fresh graduates’ skills, accentuating
the need to design the university curricula to match the industry requirement. It is
identified that the key stakeholders contributing towards this is the employees (who
are graduates with a degree related to software engineering), the universities offering
degrees in software engineering discipline and the statutory bodies who validate,
standardize, and moderate such programs and the software engineering businesses in
Sri Lanka. The study will focus on different attributes and relationships of the above
stakeholders and detect the gaps in the employability skills provided by the university

curricula and the anticipation of the employers through an ontological approach.

Subject Descriptors: 1.2.4 Knowledge Representation Formalisms and Methods, 1.2.6

Learning, K.3.2 Computer and Information Science Education
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Table of Contents

N 01 1 0! USRS i
QI 1o] L0 B @0 T 3SR ii
LISE OF FIQUIES ..ottt s be e re et e s ae e b e steeseesteeraenrens %
LISt OF TaDIES ...t bt nre vii
LiSt OF ADDIEVIALIONS. ......cviiiee ettt nee e viii
DT Fo1 =L o] [T PSSP PPN iX
[T [ or:{[o] [PPSR X
ACKNOWIBAGEMENTS ...ttt bbb Xi
Chapter 1: INEFOAUCTION ..o 1
O R O 1o | (=T R @ Y=Y Y Y O PRRPRR 1
1.2 BACKOIOUNG ..ottt bbb 1
G T |V (o] (A VZ: L1 o] o OSSPSR PSR 3
1.4 Problem SEAEIMENT ..ot 5
1.5  RESEArCh QUESTIONS .......civiiiieiesieeieeriese et ste et te ettt e e te et e sressaebesreeeesreeneenees 6
T S (oL = o L {1 A o PSR 6
1.7 RESEAICH ODJECHIVES ....uvciiiiicie ittt sttt sttt be et besbeen e be e nas 6
R TS ol o= TP P RO P VRO PRPPPRP 7
1.9 PropoSed APPIOACK .....c..oviiiiiiitiiiite ittt 7
1.10 RESOUICE REQUITEIMENTS.....cueciiitieieiie ittt ste et ste et s re e e e s te e e sbeetaebesbeesnesbesneesnas 9
Chapter 2: Literature REVIEW ........oooieieiic et 11
2.1 CRAPLEI OVEIVIEW ...ttt bbbt 11
2.2 Employability and SKill Gap.........cccceiiiiiiiiiiiic et 11
2.3 Bridging employability SKill gaps ........cccoeiiiiiiiiiireeeee e 13
2.4 REIAIEA WOIK ...ttt ettt esaeste e seeeraenne s 13
2.5 Chapter SUMMAIY ......cccooiiiiieee ettt sttt sae st seeenee e 18
Chapter 3: MEthOOIOQY ... .cciiieiieiie s 19
3.1 ChapLer OVEIVIBW .....c.eeiiieiieiieiesie ettt ettt bbbt 19
3.2 Research MethodolOgy ......cccooeeiiiiiieie e e 19
3.3 PAITICIPANTS. ...ttt et bt 19
R 1 TSN (1] 01 1=] OO TRRTSRN 22
3.5 Development Methodology..........coooiieiiiiie e e 25
3.6  Project Management Methodology .........cccoeiiiieniiieiire e s 42
3.7 ProjeCt TIMEIING ....ocviiiiieec bbb 43




3.8 Ethical IMPICALIONS ........ooviiiiiiiiiie s 45

3.9 Chapter SUMMAIY .....coiuiii ettt te e besbeeseesbesaeesaesbeanaesreeneenrens 45
Chapter 4: ANAIYSIS. ... 47
4.1 ChAPLEr OVEIVIEW ...ttt sb e 47
4.2 Qualitative data analySiS........ccecveiiiiieiiii i 47
4.3  Quantitative data analySiS..........coiiiiiiiie e 48
Usage of Data for Ontology MOAelING .......cceveiiiiiiiiiiiereceees e 53
4.4 Findings Of OVErall RESUILS ........ccciiiiiiiiiiie e 56
4.5 Chapter SUMMAIY ....ccveieiieiie it cteeite sttt te st s te e e testeesaesbeesaesteeteesbesreeneesteaneeses 56
Chapter 5: Design and Implementation.............ccocvvieveienenese e 58
5.1 Chapter OVEIVIEW . .....cciuiiiicieite ettt ettt s te ettt e ta et sbeesa e besneesaesbesneesteenaerens 58
5.2 USE CaSE DIAGIAM ....c.viiiieiieiieiisie ettt 58
5.3 ONLOIOGY DESIGN....cviiiiiieieieie ettt 59
5.4 BaCKENd DESIGN ...cuiiiiiiiie ettt s be et e e b e e reerae it 60
LT T U 1 1= o o PO OSSPSR 62
5.6  IMPIEMENTALION ..ot 63
5.7 Chapter SUMMAIY ........ooiiieieieiiiise sttt nb e s e 77
Chapter 6: EVAlUALION ... e 79
6.1  CRAPLEr OVEIVIBW ......uiiiiiieieieieie ettt 79
6.2  Evaluation Methodology ........cceiiiieiiiiiic e 79
T B @01 (o] [oT0 ) YA =T [ o [P OSSOSO 82
6.4 ChapLer SUMIMAIY .......cciiiiiieieiee ettt 88
Chapter 7: Results and DISCUSSION .......ccoveierierieiiiiisieeeeee e 89
7.1 Chapter OVEIVIEW ... ..ooviiiieie ettt et s be et et e be e e e sbeete e besae e e e 89
7.2 Implications Of the STUAY ........ccoiiiiiii e 89
7.3 Chapter SUMMAIY ......coiiieicie ettt sttt st e be e e sbeete e besae e e e 91
Chapter 8: Conclusions and Further Work ............ccccoevevievii e 92
8.1 ChaPIEr OVEIVIEW ... .cviiiiieiieiieiisie sttt sttt 92
8.2 Achievements of Research ODJECLIVES .......c.ccoivieririie e 92
8.3 Challenges ENCOUNTEIEA ..........coiiiiiieie et 92
8.4  Limitations of the RESEAICN .........coviveii e 93
8.5 Social, Ethical, Legal and Professional Concerns and Mitigation............c.ccccccocveeennene 94
8.6 FULUIe ENNanCEMENLS. .......oiiiiiiie et 95
8.7  Contributions OF the STUAY ...........cooiiiiiieee s 95
8.8 ConCIUdING REMAIKS ......oviiiiiiiiiiiite e 96
BIDHOGIapNY ..o I




APPENICES ...ttt bbb IX

APPENAIX A .o bt et e e e be e et e ate e tenreereetenre s iX
8.1  Main sourcing Faculties /Higher Education Institutions Employers Source IT

L€ 1o [ (=T (0] 1 0 O PS iX
8.2  Selected degree programs of the top 10 UNIVErSItIES........cccveviiviiie v X




List of Figures

Figure 1.1: Unemployment among graduates by field of study Source: [57].............. 1
Figure 1.2 Unemployment rates for college graduates and other groups over the

YEAIS. SOUICE: [56] ...ttt 2
Figure 1.3 Fluctuation of unemployment rate in Sri Lanka Source: [59].......ccccvenee. 3
Figure 1.4 Total demand for and supply of ICT graduates in SL in 2019.

SOUICE: [BL].rieriiieiieie ettt sre e nre e reere e 4
Figure 1.5 Rich picture of the proposed solution (Self Composed)............cccccevenennee 9
Figure 2.1: The nature of the issue of education mismatch among graduates of

Sri Lanka. SOUICE: [L4] ..c.voeeiiiiieeeie e 12
Figure 3.1: Stakeholder onion model for the system (Self-Composed)..................... 20
Figure 3.2: Main sourcing Faculties /Higher Education Institutions Employers

Source IT Graduates From. Source: [55].....cccovveveiieiicieiieie e 23
Figure 3.3: The components O*NET® Content Model Source: [56]........ccccccovennene. 24
Figure 3.4 Ontology DefiNitioNS ..........cccceiieiiiiiieece e 26
Figure 3.5: Activities in the ontology development life cycle Source: [35]............. 32
Figure 3.6: Ontology lifecycle in methontology Source: [37] ...ccccovvevevieviiiiieceee, 34
Figure 3.7: Employee skill management..........ccooveiiiiiiiiniieee e 38
Figure 3.8: Gantt chart of the Project.........cccovviiicie e, 44
Figure 4.1: Top 10 competencies employers expect from graduates Source:

515 SO PTUR PSRRI 49
Figure 4.2: Composition of ICT workforce by job categories Source: [67] .............. 53
Figure 4.3: Composition of IT workforce by service line Source: Sri Lanka IT-

BPM Industry: State of The Industry 2019/20.........ccccoceviiiiiiininiieieien, 54
Figure 5.1: The use case diagram for the proposed system (self-constructed) .......... 58

Figure 5.2: The class-level design of the proposed ontology (Self Constructed) ...... 60

Figure 5.3: Tiered Architecture (Self-Composed) .........ccocvveviiiiiiiie s 60
Figure 5.4: A UML diagram showing the management of ontologies in the

OWL APL SOUICE: [BA] ..cvvieieeciie ettt 61
Figure 5.5: Low-fidelity mockup for proposed Ul for Employers............c.ccoovvvennnne. 62
Figure 5.6: Low-fidelity mockup for proposed Ul for Candidates...............ccccouvnee. 63
Figure 5.7: Semantic application architeCture...........ccoooovvireneiene e 63
Figure 5.8: The choice of technology for the project..........ccccocovviieiiiii e, 64
Figure 5.9: Class hierarchy of the ontology ..o 66
Figure 5.10: The graphical representation of the designed ontology........c...cccceuvenee. 66



file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874187
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874188
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874188
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874189
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874190
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874190
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874191
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874193
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874200
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874209
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874211

Figure 5.11: The object properties of the ontology ..........cccovveieiiiciiiiiee, 67

Figure 5.12: The annotation properties of the ontology..........cccccccevveviviceiiccicien, 68
Figure 5.13: An example of usage of @ Class..........ccoceriiiiiiicieieee, 69
Figure 5.14: Property assertations - Skills required for the job role "Web

DBVEIOPEI ... 70
Figure 5.15: Candidate and property, assertations before running the reasoner. ....... 71
Figure 5.16: Results of the candidate after running the reasoner..............cc.ccooveveneee. 71
Figure 5.17: Initiating the reasoner to create output of a qUery .........ccceeevvevviinenen, 72
Figure 5.18: Creating the OWL REASONEN .......cccoiiiriiriiiiiieiciee e 72
Figure 5.19: Asking for the query from the query handler ..............cccocoevviiiiiiennn. 72
Figure 5.20: Implementation of the AskQuery method ............ccccceveiiiineniiinieen, 73
Figure 5.21: The implementation of the get entitiies method .............c...ccovveiiinennn. 73
Figure 5.22: Query input and output from query find endpoint.............cc.ccocvevenennen. 74
Figure 5.23:Query filters for the user type employer........c.ccoevvveviiiiieccc i, 75
Figure 5.24:Query filters for the user type candidate...........c.ccooevereiiniineninieienen, 76
Figure 5.25: Output of the empPlOYEr QUEIY .......ccviieiieciceeceee e 76
Figure 5.26: Output of the candidate QUENY ..., 77
Figure 6.1: Description of Kamal's course 0DJect ..........cccoevveveiiciieve e, 85
Figure 6.2Property assertions of distributed systems module.............cccoovviiiennnnnn, 85
Figure 6.3:Property assertions of Trends in computer science module ..................... 85
Figure 6.4:Property assertions of Database Systems module .............ccocoovviiiinennnn, 86
Figure 6.5: Property assertions of Database Systems module .............ccccccovveviinenen. 86
Figure 6.6: Property assertions for Computer Systems Analyst ............ccccocvrveiennen. 87
Figure 6.7: Property Assertions of the candidate Kamal .................cccocoeviiieiiiennn, 87
Figure 6.8: Before running the reasoner..........c.cooeiiriiiiinieieiee e 87
Figure 6.9: Inferences made for Kamal.............cccoooiieiiiii i, 88

Vi


file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874214
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874215
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874217
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874217
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874227
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874228

List of Tables

Table 2.1:Summary of the survey on Available Jobs and job Requirements [22]..... 14
Table 2.2: Quality and Relevancy of Degree Programs in Sri Lanka Source:

[22] e 15
Table 3.1:Stakeholder VIEWPOINTS ..........ooviieiieiicie e 21
Table 3.2: Software architecture and tool evolution .............cccceveieiiiiiiccee, 29
Table 3.3: A comparison of features in the analyzed related work.............c.cccccvn.e. 41
Table 4.1:Data DefiNITIONS ......ccveiiiieiieie e 47

Table 5.1:Comparison between RDF(s), OWL-1 and OWL-2 showing possible
uses of knowledge representation concepts to formulate ontology

based relational database queries. Source: [87] ......cccccvvvevveviiiesieeie e, 65
Table 5.2: Domain and Range of the object properties...........ccccovevenninenieieienen, 67
Table 6.1: Competency Questions of the ontology..........cccccvvevviiiiiici e, 79
Table 6.3: Candidate-related results obtained for the ontology ...........c.ccoovvviieiennee. 81
Table 6.4: Choice of skills and knowledge qualification categories...........c.ccccoveune.. 83
Table 6.5: User scenarios for evaluation............cccocoiiiniiincicie e, 84
Table 8.1: Achievement of the research 0bjectives .........cccooeevviviiiiiveccc i, 92
Table 8.2: Challenges faced during the Study ..........cccooiiiiiiiiiee, 93
Table 8.3 Selected degree programs of the top 10 universities...........ccccecvevveiveenenn, X

vii


file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874239
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874240
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874240
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874245
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874245
file:///E:/Personal/Msc/Research/Thesis/Thesis/Final/Final%20Sub/Thesis_W.A.R.Harshani_198752D.docx%23_Toc106874245

Abbreviation

IRQUE

ICT
QEF

IT

Ccs

RO

RQ

OWL

RDF
SLASSCOM
LO

ICTA

UGC
CSSL

ICTA

FCA

List of Abbreviations

Meaning

Improving Relevance and Quality of Undergraduate
Education

Information Communication Technology

Quality Enhancement Fund

Information Technology

Computer Science

Research Objective

Research Question

Web Ontology Language

Resource Description Framework

Sri Lanka Association for Software and Services Companies

Learning Outcome

Information and Communication Technology Agency of Sri

Lanka
University Grants Commission

Computer Society of Sri Lanka

Information and Communication Technology Agency of Sri

Lanka

Formal Concept Analysis

viii



Declaration

| declare that this thesis is my own work and has not been submitted in any form
for another degree or diploma at any university or other institution of tertiary
education. Information derived from the published or unpublished work of others has

been acknowledged in the text and a list of references is given.

Name of Student: Miss. W.A.R. Harshani
Signature of Student: UOM Verified Signature
Date: 23/06/2022

Supervised by: DrQélirz{unmali’Ahfanqamaqe

Signature: - UOM Verified Signature




Dedication

“To my support system who has endured everything and more to see me

succeed in life.”




Acknowledgements

I would like to express sincere gratitude to my research supervisor, Dr
Supunmali Ahangamage who constantly and convincingly conveyed a spirit of
enthusiasm regarding research, following up with the progress every step of the way,
and excitement regarding the domain itself. Without her guidance and persistent help,
this dissertation would not have been possible.

I wish to thank the research coordinator, Dr Chaman Wijesiriwardana, the batch
coordinator, Dr Saminda Premaratne and all the lecturers of the faculty of IT, at the
University of Moratuwa who taught me during the master's degree program. The
knowledge gained from all the modules was an immense help in achieving the intended

output of this research.

Finally, I would like to thank my amazing parents, my ever supportive boyfriend,
friends, batchmates, colleagues from both Cloud Permits (Pvt) Ltd and Informatics
Institute of Technology, and everyone who helped in successfully complete this

research.

Xi



