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Framework for Improved Capture of Usability Requirements through Usage-Centred
Design

Kholod Jeza Alotaibi

This research makes an in-depth examination and comparison of plan-driven and agile methods in software
design to justify the need for a more balanced approach that combines the controlling and disciplining
capabilities of the former with the flexibility of the latter. It also examines the concept of software usability
and the process of gathering requirements in software engineering. It is noted that pure agile methodologies
tend to ignore usability for end users, hence the attention to User-Centred Design (UrCD). Software
development methods based on UrCD attempt to alleviate this neglect, but they too are not sufficiently
grounded in traditional plan-driven approaches that can adequately target usability concerns, especially
during the planning phase of development. Capturing usability requirements could be key to ensuring a high
degree of software usability for end users. It is suggested that Usage-Centred Design (UgCD), with its focus
on actual software usage rather than users per se, can satisfy this need for greater software usability through
increasing the likelihood of achieving a more complete and precise capture of usability requirements. This
methodology introduced by Constantine combines task modelling as its plan-driven phase for identifying
users, roles and essential tasks with an agile iterative component for facilitating continuous consultation with
users to also enable refinements to be made to the requirements. The focus in this study is on the
requirements analysis phase of UgCD to demonstrate how it can be applied for better capturing usability
requirements in terms of completeness and preciseness. The usability aspects analysed are learnability,
rememberability, efficiency, reliability, and user satisfaction. Research was carried out involving a survey,
interviews and a demonstration of UgCD at a higher education institution in Saudi Arabia during a revision
of an e-learning software, and a further follow on survey and interview. The survey investigated existing
usability requirements gathering practices, and the current methods used for the sake of ensuring and
thereafter testing for usability. The interviews provided insight into these developer practices to especially
ascertain how well they are able to capture usability requirements for particular aspects of usability and their
awareness of these aspects. A total of 212 software developers working in higher education institutions
throughout the Saudi kingdom participated in the survey, 20 of them participated further in the interviews
from three different cities, and the UgCD demonstration was held at one higher education institution. The
survey analysis included frequency, factor and correlational analyses, and the interviewee responses were
analysed using thematic analysis.

The list of usability requirements captured during the UgCD demonstration was compared to the original
capture at the time of construction and to the pre-UgCD period when usability questionnaires were being
used. The UgCD implementation enabled a 7.5-fold increase in completeness and 43% improvement in
preciseness compared with the original capture, and a 2.5 gain in completeness and 24% improvement in
preciseness compared to the requirements captured using usability questionnaires. The pre-UgCD survey
results and interview findings are also presented and discussed that show a need to promote not only UgCD,
but also to raise awareness of usability itself and make developers appreciate its importance. This led to
developing a framework of principles for implementing UgCD, which is presented to guide developers in
capturing usability requirements for enhanced software usability. However, it is noted that in line with the
need to understand and promote usability, developers also need to be encouraged to consult frequently with
their potential and existing users and become accustomed to holding frequent meetings with them. These
changes would be necessary in order to be able to implement UgCD fully. Regardless, the potential of UgCD
is established at least with respect to its capability to make developers and users focus on usability and in
capturing a more complete and precise set of usability requirements that pertain to a wide range of usability
aspects. Also, the post-UgCD survey with the meeting participants and interview with the leading developer
give further positive indications for the success of the UgCD trial, and its potential for being used to enhance
software usability.

Key terms: requirements, requirements capture, usability, usability requirements, usage-

centred design



Table of Contents

List of Tables and FIgUIreS....ccuuurrrrrsssssssssnssnssssnssnsssssnsnnsssnnnnns X
Declaration of authorship.....ccciiicciiiiirisciiiirssssssrssssssensnnnnnns Xl
Acknowledgements......ccuiiiiiiiiiiinnsnnssssiiisisans s X1V
Published WOrKS....ciuussssssssssssssssssssssnnssssnssnnssssnnnnnsssssnnnnsnnnnns XV
Abbreviations used..........cciiiiiiiiiirr i r s XVI
Chapter 1: Introduction......ccvviirrrrrrrrrnsnnnnsssssassssssssssssssssnnnnnns 2
1.1 Overview of the dissertation.........c.coooiiiiiiii 2
1.2 Usability issues in software design........ccocvviiiiiiiinii i, 3
1.3 Introduction tO UgQCD......ccuiiiiiiiiii e 4
1.3.1 Key featUreS. ... 4
1.3.2 UgCD and usability......cc.ceiiiiiiii e 5
1.4 Goal, aims and ObJeCLIVES......civiiiiii 5
1.5 Research questions and hypotheses.........cccoviiiiiiiiici, 6
1.6 Significance and potential contribution of study.......................... 7
1.7 Context of the study.....cccoiii 8
1.7.1 Cultural conteXt.. ..o 8
1.7.2 Academic and e-learning context...........coooviiiiiiiiiiiiiininen, 10
1.8 Definitions of key terms. ..o, 11
1.9 Summary of Chaplter......co i 12
Chapter 2: Plan-driven and agile development methods: a
comparative perspective.........coiiiiiiiiiiirrrrrrr s s s n s 15
2.1 Comparative perspective of agile and plan-driven methods........ 15
2.2 Traditional methods: About CMM (Capability Maturity Model)...... 17
2.3 Agile Methods. ..o 17
2.4 Object-oriented mMethods.........couiiiiiiii 19
2.4.1 UML (Unified Modelling Language)........ccccvvviiviiiieiiinenenenn, 19
2.5 Comparison of traditional and agile methods.................coooini. 20
2.5.1 Planning and collaboration............cccoviiiiiiiiicii e 20
2.6 Justification for a balanced approach..........coocoviiiiiiiiiiiiien, 23
2.6.1 Adaptation and diversity......cccoiiiiiiii 23
2.6.2 Issues with pure agile methods..........ccooiiiiiiii, 25
2.7 Existing combined agile-plan driven methods............ccoccovvinnennen. 27
2.7.1 The OSS mModel.....c.oiuiiniii 27
2.7.2 Scenario Based deSign......couoviiiiiiiiiiin 28
2.7.3 Recent hybrid development models...........ccooveviiiiiiiininnn. 30
2.7.4 Balancing control and flexibility..........cccooiiiiiii 31
2.8 Achieving the right mix of development practices....................... 33
2.8.1 Consideration of project, people and pressures..................... 35
Chapter 3: Usage-centred software design and development. .37
3.1 Introduction to Usage-centred DesSign.........ccoeeuviiiiiiiiiininiieeeens 37
3.1.1 Examples of the application of usage-centred designs............. 38
3.2 Problems with agile methods and user-centred design................ 38
3.3 Differences between user-centred and usage-centred design...... 40
3.4 Human-centred deSigNS......cccviiiiiiiiiieee e 41
3.5 Advantages of usage-centred design.........cccoiviiiiiiiiiiii, 43



Chapter 4: Usability in software design.........cciviiiiiiiiiiiiiinnnnnns 46

4.1 Software qUality.....cooiiiii 46
4.1.1 Indicators of software quality.......cc.ccooeiiiiiiiii, 46
4.1.2 Potential of UgCD in improving software quality.................... 46

4.2 Introduction to usability........coocoviiiiii 48

4.3 The importance of usability.......ccccoviiiiiiiiiii e, 49

4.4 Usability and other software quality characteristics in agile

MNEENOAS. et 50
v S I =] o Y ol U o T 51
4.4.2 eXtreme Scenario-based Design.......ccovviiiiiiiiiiniin e, 52

4.5 Usability in usage-centred desSign.......ccooviiiiiiiiiiiiiii e, 52

4.6 Historical overview of user/usage-centred development practices

........................................................................................................... 53

4.7 Software design for usability........ccocoviiiiiiii 54
4.7.1 Usability aspects for e-learning software..........ccooceevivvinnennen. 56

4.8 Usability testing and measurement........cccoociiiiiiiiiiic 57
4.8.1 Usability testing practiCe.......ccoiiiiiiiiiiiii 57
4.8.2 Usability testing methods and instruments....................oo..e. 57
4.8.3 Usability evaluation in e-learning.........cccoiiiiiiiiiciincie, 58

4.9 The cost factor in usability........cocoviiiii 59
4.9.1 Cost of implementing agile and traditional methods............. 59
4.9.2 The cost factor under UgCD........occoviiiiiiiiiie e, 60

Chapter 5: Requirements analysis, gathering and capturing....63

5.1 Requirements, their importance, and requirements capture........ 63
5.1.1 Definition of requirements........cc.coiiiiiiiiiici 63
5.1.2 Importance of gathering requirements............ccooceviviiiiinennnn. 63
5.1.3 Requirements Capture......cocoviuiiiiniiiiiii e 63

5.2 Types of reqUIre€mMeENtS. ..o e 64
5.2.1 Different types of requirements.........coccviiiiiiiiiicie, 64
5.2.2 Functional requirements.........cooiiiiiiiiiniin e 65
5.2.3 Usability requirements.......ccoiiiiiiiici 66

5.3 Requirements engineering, lifecycle and analysis........................ 70
5.3.1 Requirements engineering.......ccoeuiiuiiiiiiiiiiiieieeine e 70
5.3.2 Requirements lifecycCle.....coooiiiiiii 72
5.3.3 Requirements analysis phase.........ccocoviiiiiiicicice, 73

5.4 Requirements gathering and analysis frameworks....................... 74
5.4.1 Gathering requiremMentsS.......cociiiiiiiii e 74
5.4.2 Requirements gathering recommendations and issues......... 76
5.4.3 Documenting requiremMentS........cooiviiiiiiniiniin 77
5.4.4 Requirements gathering frameworks...........c.cooviiinin, 78
5.4.5 Specific requirements gathering frameworks and methods. .79

5.5 Constructing models of requirements.........c.covviiiiiiiiicinne, 82
5.5.1 USe CaSe MOUEIS....iuiiiiiiiiiiie e 82
5.5.2 Task Modelling......cc.iuiiiiiii 84
5.5.3 Joint Application DeSign......cccovvuiiiiiiiiiiii e 85
5.5.4 Activity Centred Design......ccccvi i, 86
5.5.5 Just-in-Time RequirementsS........coooiiiiiiiiiin e, 86
5.5.6 Scenario Based DeSign......cccccviuiiiiiiiiiiieieee e 87

5.6 Requirements gathering under UgCD.........ccoiiiiiiiiiiiiiiea, 87
5.6.1 OUtline Of PrOoCESS....cuiiiiiiii e, 87



5.6.2 Detailed description of process........ccooviviiviiiiiiiiiiniiinieeens 88
5.6.3 Contrast between requirements gathering under UgCD and

1 5 93
Chapter 6: Research methodology.........ciiiiiiiiiiciinrcsinnssnnnnans 95
6.1 INtrodUCEION. ... i 95
6.2 Research design and methods..........ccooviiii, 95
6.2.1 ResearcCh deSign.......ccou i 95
6.2.2 Research methods.........coovviiiiiiii e, 98
6.3 Selected software for demonstrating improved requirements
CAPIUN . 99
6.4 SAMPIING..cuiiii e 100
6.5 Research inStrumentsS.......covvi i, 102
B.5.1 OVOIVIBW. it 102
6.5.2 Surveys of software USers.........coooiiiiiiiiiiiiiceee e 103
6.5.3 Survey and interviews of developers.........coccvvviiiiiiiiiiiinennn. 103
6.5.4 Reliability and validity of the survey questionnaires............ 104
6.6 Data analySiS.. ..o 105
6.7 Objective measurement......cccoiiiiiiiiii e 106
6.7.1 QUAlILY MEASUIES.....iitiii i e 106
6.7.2 AdOPLEd MEASUIES.....nieiieiei e 107
6.8 Justification for the selected usability aspects..........c.cooevviiennnis 110
6.8.1 Selected usability aspects restated............ocooeviiiiiiiininnns 110
6.8.2 Learnability and Rememberability...........cccooiiiiiiiinnn. 112
6.8.3 Reliability and EfficienCy.....cccooiviiiiiiii e 113
6.8.4 User satisfaction........coiiviiiiiii 114
6.9 Ethical considerations.........cccoiiiiiiiiii 115
6.10 Research schedule.........cooiiiiiii 115
6.11 ResearCh OULPUL......oiii i 115
6.12 Summary of Chaplter........ooii 117
Chapter 7: Research phases and samples.......cccurciiiinnnncnnnnns 120
7. L INErOAUCEION. et 120
7.2 Research phases and samples.......coooviiiiiiiiiiin e 120
7.3 Sample characteristiCS.. ..o, 122
7.3.1 SUrVeY SampPle. .. 122
7.3.2 Interview SamPle.. ..o 123
7.3.3 Interview dates and VENUES........c..covvviiiiiiiiiiiie e 123
7.3.4The UgCD trial...cc.couiiiiii i 124
7.3.5 Post-UgCD survey and interviews..........ccooveviiiiiiiiiiineinene, 125
AR 31U 0 01 1= 2P 125
Chapter 8: Survey data and analysSiS.....ccuuurirreiiiiiiiiinnnnnnnnss 127
8.1 Introduction and COAING........ovuiiiiiiiiiie e 127
8.2 Capture of usability requirements..........cccoiiiiiiiiic, 128
8.2.1 Frequencies and overall values...........ccccoiviiiiiiiiiinincee, 128
8.2.2 Ordering of the usability aspects.......ccccovviiiiiiiiiiiiin, 130
8.2.3 Average values and typical responses.........cccoceeeviiiiiiiinnnnn. 132
8.2.4 Test for normality of data........ccooviiviiiiii 133
8.2.5 Exploratory factor analysiS.........covviiiiiiiiiiiiii e 133
8.3 Methods used to capture requirements.........cccoeevviiiiiiiiiiinneenns 135
8.4 Methods used to check for usability afterwards......................... 137



8.5 Correlation @analysSiS.....c.coviiiiiiii 139
8.5.1 Grouped correlation analysis.........cooeiviiiiiiiiii e 139
8.5.2 Detailed correlation analysis.........cooiiiiiiiiiiiiiiee, 141

8.5.2.1 Correlations for identified usability aspects.................. 141
8.5.2.2 Correlations for usability capturing methods................ 142
8.5.2.3 Correlations for usability testing methods.................... 143
8.5.2.4 Significant correlations..........coocvviiiiiiiiii 144

8.6 Summary of survey results.........cooiiiiiiii 146
Chapter 9: Interview data and analysSiS.....cccciiiiriiciinrcninnnnnnss 149

9.1 INErOdUCEION. ... 149

9.2 Responses to the questions..........ccooiiiiii 149
9.2.1 Responses to question 1......cccoiiiiiiiiiiiii 149
9.2.2 Responses to qUESLION 2. ..o 150
9.2.3 Responses to qUESLION ... 151
9.2.4 Responses to question 4........ooiviiiiiiii 152
9.2.5 Responses to quUestion 5. 153
9.2.6 Responses to qUESLION B.......ccuuvieiiiiiiiiiie e 154
9.2.7 Responses to qUESioN 7.....coiviiiiiiiii 155
9.2.8 Responses to question 8. 156
9.2.9 Responses to qUEeSLION ... 157
9.2.10 Responses to question 10.......cccccveviiiiiiiiiiiiiieceeee e 158
9.2.11 Responses to question 11......ccocoviiiiiiiiiiiiiiiiiiinineeenn 159

9.3 Summary of interview findings..........ccooiiiiiii 160

Chapter 10: The UgCD trial.....ccoviiiiimmmmsnsssnssnsnnssssssnnnnns 163

L10.1 INtrodUCHION. ... 163

10.2 Background and context........ccoouiiiniiiiiiinii e 163
10.2.1 Selection of the institution for the trial...............cccoooieni. 163
10.2.2 Background and COmMPariSONS.......ccvvviiviiiiniiniinenineeaeens 163
10.2.3 Limitations of the trial........ccooiiiiii 165
10.2.4 Context of the trial.........coeiiiiiii 166

10.3 Meeting for recapturing requirements........ccccooiviiiiiniiiinn e, 168
10.3.1 Identification of users, roles and tasks.............ccccoeevvnnnen. 168
10.3.2 FOCUS Of MEELING.....cviiiiii i, 172
10.3.3 Identification of aspects and requirements...........cc.ccovevvenes 173

Problem areas, aspects and elements.........ccccoiiiiiiiiiiinin, 173
List of captured requirements........ccccocviiiiiiiiiii 175
Suggestions for improved functionality..........ccooiiiiiinnn 177

10.4 Completeness and preciseness of the captured requirements. 178
10.4.1 Number of requirementsS.......ccocciiiiiiiiiin e 178
10.4.2 Measures of R1, R2 and R3.......ccociiiiiiiiniinee e, 179

R values for the T1-T3 cOMPariSON......cc.c.eevviiiiiiieiiiieeeeeeeeas 181
R values for the T2-T3 comparison.........ccoocvviiiiiiiiiiiiieeceea 182
10.4.3 Completeness and preciseness ratings.........cccoocvvviviiiininnes 182
10.4.4 Indications of completeness.........ccoovviiiiiiiiiii i 183
Completeness of requirements captured during T3 relative to T1
.................................................................................................. 183
Completeness of requirements captured during T3 relative to T2
.................................................................................................. 184
10.4.5 Indications of PreCiSeNeSS.......cvvviiiiiiiiiii e 184

Preciseness of requirements captured during T3 relative to T1 185

Vi



Preciseness of requirements captured during T3 relative to T2 185
10.4.6 Completeness and preciseness of specific usability aspects

...................................................................................................... 186
10.5 Summary of the UgCD trial.......c.ooviiiiiiiii e 187
Chapter 11: Post-UgCD trial.......cccccmmeeiiiiiiiiiiiiiiiicsc e 190
11,1 INErOdUCEION. ...cece e 190
11.2 Software changes implemented...........ccocvviiiiiiiciiii 190
11.3 Suggestions and future development plans.............ccocoeiieniis 195
11.3.1 Suggestions made for further improvements in usability..195
11.3.2 Future development plans for the exam system................ 196
11.4 Post-UgCD trial survey and interview...........coooveiiiiiiiiininennes 197
11.4.1 Survey of meeting participants.........ccocoviiiiiii, 197
11.4.2 Interview with the leading developer.........cccocvviiiiiiininnns 201
115 SUMMAIY e 202
Chapter 12: Concluding discussion and recommendations..... 205
12,7 INtrodUCHION. .. ie 205
12.2 Discussion of key results and findings...........coooceviiiiiiininennns 206
12.2.1 Discussion of pre-UgCD survey results and interview findings
...................................................................................................... 206
12.2.2 Discussion of the UgCD trial.......ccoccoviiiiiiiiiiiiiee, 207
12.2.3 Post-UgCD trial survey and interview..........cccovviiiiiiiinnnnnn. 210
12.3 Extended discussion of key results and findings in light of the
[IEerature FeVIEW. ... e 211
12.3.1 MEEEINGS. ..ttt 211
12.3.2 Concept of usability.......coveiviiiiiiii 212
12.3.3 Importance of usability........ccoooviiiiii 214
12.4 Revisiting of aims, objectives, research questions and
Y POLNESES. .. 214
12.4.1 Aims and oObjJeCtiVes........ooiiiiiiii 214
12.4.2 Research questions and hypotheses............coeviiiiiiiinninns 215
12.5 Theoretical and methodological implications and contributions
......................................................................................................... 216
12.5.1 Theoretical implications.........cocooiviiiiiie 216
12.5.2 Methodological implicationS.........ccocoviviiiiii e 218
12.5.3 Practical contributions...........cocoiiiiii 220
12.6 Recommendations and framework for guiding developers...... 221
12.6.1 Framework and proCedure.........ccouiiuiiiiiiiiiiii e, 221
12.6.2 Recommendations for model refinement..................c.ene. 222
12.6.3 General recommendations.......c.ccoeviiiiiiiii 223
12.7 Limitations, delimitations and recommendation for further
TS =T= (o] o PP 224
Y o T o = 4 Lo LT o= 226
Appendix A: Comparison tables.........cccoviiiiiiiii 226
Home ground between agile and plan-driven methods in 0SS.....226
Contrast between User-Centred and Usage-Centred Design........ 227
Appendix B: Useful features for a Human-Computer Interface (HCI)228
Appendix C: Research schedule........c.ooviiiiiiiniii e, 229
Original schedule.........oii 229
Revised schedule.......ooiiiii 230



Appendix D: SUrvey qQUESTIONS......c.iviiiiiienr e 232

Survey questionnaire for users (teachers and students).............. 232
Survey questionnaire for developers........cooeviiiiiiiiiicii e 234
Appendix E: Interview questioNS........couoviiiiiiiiiin 236
Appendix F: Best Practice Document..........cooveiiiiiiiiiiiiinineeeee 237
Appendix G: Consent Information Document...........ccociviiiiiiiinennenn. 239
Appendix H: Ethics Committee Application........cccocvviiiiiiiiiiiininnnns 240
Appendix |: Raw SUrvey data.......cocovieiiiiiiiiiieeeeeeeee e 241
Appendix J: PSPP analysis and output.........ccocoviiiiiiiiiie, 242
Variable VIEW. ... 242

D ata VIBW it 243
Characteristics of OWV values (Al)...ceiiieiiiiiiiiiie e eieeaeeeas 243
Characteristics of mean values (A2)........ccooiiiiiiiiie, 243
Test for normality of the mean values............ccoooiiii, 244
Characteristics of values for recapturing methods (B).................. 244
Characteristics of values for testing methods (C)..........cccovevvnnnen. 244
Spearman rank correlation analysiS........ccoooviiiiiiiii i 244
FaCtOr @NalySiS...ocuiiiie 245
Appendix K: Correlation matriCeS.......cvvviiiiiiiiiiii e 251
Correlation matrix for usability aspects..........coooviiiiiiiiiiiinnene. 251
Correlation matrix for usability capturing methods...................... 251
Correlation matrix for usability testing methods............c..ccoceenines 252
Appendix L: Raw interview data........c.ccoviiiiiiiiii e 253
Appendix M: SUS questionNaire.........coovvviiiiiinii e 284
Appendix N: The post-UgCD survey and interview questionnaire....285
Appendix O: Post-UgCD interview questions and their replies.......... 287
Appendix P: UgCD artefacts used during the trial..............c.ccceeni. 289
References.........cccciiiiiiiiniisssssnsnmnsssssssssssssssssnssnssssnsnnnnnsnnnnns 290
125 PP PTPPUPP 290
VEDSIEES . e 301



List of Tables and Figures

List of Tables

Table 1: High and low context cultures..........ccoocoviiiiiiiiiiiin 9
Table 2: Prominence of hard/soft methods since 1960s..............ccvevvenes 16
Table 3: Challenges for agile methods in traditional organisations........ 26
Table 4: Key differences between user-centred and usage-centred design
............................................................................................................... 41
Table 5: Key studies on different quality aspects of UgCD..................... 48
Table 6: Usability COMPONENtS........ccouiiiiii e 55
Table 7: Main classifications of usability requirements...............coooeenne. 70
Table 8: Classification of requirement elicitation techniques.................. 75
Table 9: Key features of four requirements gathering frameworks......... 79
Table 10: Overview of how different methods gather requirements....... 81
Table 11: Simple example of user task and its system requirements.....92
Table 12: Contrast between requirements gathering under UgCD and
1 5 93
Table 13: Universities at which the investigation will be conducted.....100
Table 14: Summary of sample parameters for phase | of the research 101
Table 15: Research instruments and targeted research questions....... 103
Table 16: Developer survey items matched with usability aspects...... 104
Table 17: Examples of subjective and objective measures of software
QUAITEY et e e e e e e e 106
Table 18: Indications for the five selected usability aspects................. 112
Table 19: Framework of recommendations of the study....................... 116
Table 20: Research phases, methods and samples..........ccocovviiinennen. 121
Table 21: Interview dates and VENUES.........coeviiiiiiiiiiiinc e 123
Table 22: Codes assigned to the variables for the analysis.................. 127
Table 23: Mean, SD and T-Scores of Developer perceptions on ability to
CAPIUN . 128
Table 24: How well the developers were able to capture requirements for
certain usability aspects during recently developed software............. 129
Table 25: Average values and typical responses in part A of the survey
............................................................................................................. 132
Table 26: Factor analysis for usability aspects (PCA applied)............... 134
Table 27: Mean, SD and T-Scores for methods used to capture

=To U] =Yg T=T o) =TT 136
Table 28: Mean, SD and T-Scores for methods used to check for usability
............................................................................................................. 138
Table 29: Spearman's rank correlation values............ccocooeiiiiiininnns 140
Table 30: Correlations for identified usability aspects............c.covevenne. 141
Table 31: Correlations involving usability capturing methods.............. 142
Table 32: Correlations involving usability testing methods.................. 143
Table 33: Number of significant correlations for each of the 3 sets of
VMDD S e 144
Table 34: Methods used to capture requirements............ccoevvieeenennne. 150
Table 35: What developers understand by the term usability.............. 151
Table 36: How well developers think users are able to learn to use the



software they develop.. ..o 152
Table 37: How well developers think users are able to use the software

ENEY AOVEIOPD . e 153
Table 38: How well developers think users are able to use the software
they develop reliably.... ... 154
Table 39: How well developers think users are able to use the software
ENGAGINGIY ettt 155
Table 40: How developers test for usability afterwards........................ 156
Table 41: Satisfaction of the developers with their existing procedures
for capturing usability requirements........c.covciviiii i 157
Table 42: Scope perceived by developers for improving how software
requirements are Captured........cooiiiiiii 158
Table 43: Whether developers would be willing to improve their
requirements Capturing PrOCESS. ... cuu i e 159
Table 44: Awareness of UgCD among the developers..........ccccvvvvvnnennn. 160
Table 45: Differences between the instructions and the implementation
............................................................................................................. 166
Table 46: Identified uses, roles and tasks..........cooceviiiiiiiiiiiciicneeens 169
Table 47: Main areas of focus and neglect in the previous and new set of
USability requUIremMENtS. ..o 173
Table 48: List of requirements pre- and post-UgCD...........cccovvvivvenennen. 175
Table 49: Breakdown of captured requirements.........c.cooevviiiiniinnennnn. 178

Table 50: Summary of R values for comparisons of T1-T3 and T2-T3...180
Table 51: Completeness and preciseness ratings of the usability

reqQUIremMENES (TL1-T3) . i e e e 182
Table 52: Completeness and preciseness ratings for each usability
Y] o 1=l I 1 3 PP 187
Table 53: Sample of icons that could be used to enhance the interface

L0 [ 1= PP 196
Table 54: Breakdown and mean values of the post-UgCD survey
(1S 0T ] 1Y <1 PP 198
Table 55: Defining an essential USe CasSe.......covvviiiiiiiiiiiii i 222
Table 56: Home ground between agile and plan-driven methods in OSS
............................................................................................................. 226
Table 57: Contrast between UrCD and UgCD.........ccocvviiiiiiiiiiiiiiieeen, 227
Table 58: Useful features for a HCl.........ocoviiiiiiii e 228
Table 59: Gantt chart of original research schedule......................cc... 229
Table 60: Gantt chart of final revised research schedule...................... 230
Table 61: Raw survey data......cccoviiiiiii e 241
Table 62: Results for methods used to capture requirements.............. 241
Table 63: Results for methods used to check for usability afterwards..242
Table 64: Variable view of the survey dataset..........cccccovviiiiiiinnnnn, 242
Table 65: Data view of the survey dataset..........cocoovviiiiiiiiiiiiine, 243
Table 66: Correlation matrix for usability aspects.........ccccoeiiiiiininne. 251
Table 67: Correlation matrix for usability capturing methods............... 251
Table 68: Correlation matrix for usability testing methods................... 252
Table 69: Post-UgCD trial survey questionnaire...........cccoeeveeiiineennennenn. 285
Table 70: Raw data for the post-UgCD SUIVeY.......ccovvvviviiiiiiiiniineeenn, 286

Xl



List of Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:

teachers
Figure 35
channels

Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:

Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:

Forty years of ISD methodologies........ccocovvviiiiiiiiiiiiciie, 16
The planning SPeCtrUM.... ..o e 21
PN UMV S, it e e e e 22
Challenges and approaches in Scenario Based Design........... 29
A proposed RUP-XP-SCRUM integrated framework.................. 31

Houston Matrix for determining applicable software practices34
XP based design with (top)/without UgCD components........... 44
Nielsen's five dimensional breakdown of usability.................. 56
Classification of usability requirements........cc.ccooiviiiininnnnn. 68
The requirements engineering framework.............cccocvveenen. 71
Typical software development life cycle.......cocoooviiiiiininnnnn. 72
Phases of a typical software development lifecycle.............. 73
Sub-phases of the requirements analysis phase................... 74
Components of a use case diagram.........ccoeeveiiiiiininninneneennnn. 82

Activity diagram showing requirement capturing activities...83

A typical JAD facCility...cooviiii 86
Basic process of modelling in UgCD........c.ccoooiiiiiiiiiiiinienn 88
Logical process of UGCD......c.viiuiiiiiiiiiiiiiiee e e 89
UgCD activity model.........cooviiiiiiii 91
Model of research design.........ccoviiiiiiiiiini e 97
Simplified model of research design..........cooovviiiiiiiiiiiienn. 97
Division of captured requirements..........cocovviviiiiiiiiiininnennnn 110

Tentative framework of requirements gathering process under
.............................................................................................. 117
The three phases of the research conducted...................... 120
Obtained samples of the study.........ccoveiiiiiiiiiii 122
Totals and weighted values for each type of response........ 129
How well the software is able to capture requirements....... 130
Overall weighted values of the ten usability aspects.......... 131
Test for normality of the mean values..............cooiiiiiinll 133
Scree plot of factor analysis of usability aspects................. 135
Methods used to capture requirements for usability........... 137
Methods used to check for usability afterwards.................. 138
Chart of number of significant correlations......................... 145
Flow of tasks in the online EMES exam system at KAU for
(right) and students (left)......ccccoiiiiiiii e, 170
: Links between user requirements and communication
EO AEVEIOPEIS. .. 171
Number of captured requirements..........ccooeviiiiiiiiiininennn. 179
All defined and non-defined R values for T1 to T3............... 181
The old interface of the EMES online exam system............. 192
Log in screen of the new interface..........cocooviiiiiinnnnnd 193
The new interface of the EMES online exam system........... 194
Results of the post-UgCD SUIVey.......ccoceviiiiiiieieiicneeene 199
Post-UgCD survey responses ordered by mean value......... 200
Post-UgCD Survey Responses - Comparison Chart.............. 201
Refined UgCD framework for guiding developers................ 221
UgCD design notation used for activity modelling............... 289

Xl



Declaration of authorship

I, Kholod Jeza Alotaibi, declare that this thesis bearing the title:

Framework for Improved Capture of Usability Requirements through Usage-Centred

Design

and the work presented herein is entirely my own, and has been generated by me as the

outcome of my own original research. I confirm that:

Signed:

Date:

this work was done wholly or mainly while in candidature for a research degree at

this University;

where any part of this thesis has previously been submitted for a degree or any
other qualification at this University or any other institution, this has been clearly

stated;

where 1 have consulted the published work of others, this is always clearly

attributed;

where I have quoted from the work of others, the source is always given. With the

exception of such quotations, this thesis is entirely my own work;

I have acknowledged all main sources of help;

where the thesis is based on work done by myself jointly with others, I have made

clear exactly what was done by others and what I have contributed myself;

parts of this work have been published as stated in the section on Published Works:

Xl



Acknowledgements

This work is dedicated to all people who have helped me and supported me while this
research was being conducted. In particular, it is my pleasure to thank my supervisor Dr
Andy Gravell for his patience, and continual support, commitment and excellent
supervision. I also thank my second supervisor Dr Lester Gilbert for his useful suggestions
and guidance. In addition, I would like to thank my dearest parents; my mother, father and
husband, for their unconditional love, support and encouragement. There are not enough
words to describe how grateful, indebted and thankful I am. Without their constant moral

encouragement, I could not have completed this project.

XV



Published Works

The researcher participated in the 5th Saudi International Conference 2011 (SICO05) in
connection with her study, which was held in Coventry, UK from the 23rd to 26th of June,
2011. The SIC2011 was hosted by WMG, The University of Warwick, and the poster was
titled: 'The Management of Web Development Projects in Saudi Arabia and Promoting

Agile Methods' (Number: 112; Category: ICT (Paper)

The researcher also participated in the International Conference on Software Engineering and
Applications (ICSEA 2013) that was held in Dubai, UAE on 2-3 December, 2013. A paper was
submitted that contains substantial portions of this report, and was published in a Special

Journal Issue of the journal Advances in Software Engineering and Applications.

A paper titled 'Requirements gathering for improved software usability and the
potential for Usage-Centred Design' was presented at the World Academy of Science,
Engineering and Technology's 12" International Conference on Computer Science and
Software Engineering (ICCSSE) that was held in London, UK on 20-21 January, 2014. The

reference for this paper is:

Alotaibi, K.; Gravell, A. (2014), 'Requirements Gathering for Improved Software
Usability and the Potential for Usage-Centred Design', World Academy of Science,
Engineering and Technology, International Science Index 85, International Journal

of Computer, Information Systems and Control Engineering, 8(1), 58-63.

The researcher will also be participating in and presenting the results and findings of her
study at the forthcoming 13" International Conference on Software Technology and

Engineering (ICSTE 2015), to be held in Jeddah, Saudi Arabia on 26-27 January, 2015.

Another paper titled 'Challenges in Promoting Software Usability & Applying
Principles of Usage-Centred Design in Saudi Arabia' has been submitted for
presentation at the 13" International Conference on Software Engineering and

Applications, to be held in Dubai, UAE on 26-27 February, 2015.

XV



Abbreviations used

ACD
ASM
AUP
CASE
CCT
CDR
CMM
CMMI
CUSQ
DSDM
HCD
HCI
ISD
ISDM
JAD
JITR
JRP
LOTOS
MBASE
OO0A
00D
PAF
PCA
PD
QUIS
RAD
RAS
RE
RSD
RUP
SALUTA
SBD

Activity Centred Design

Abstract State Machine

Agile Unified Process

Computer Aided Software Engineering
Concur Task Tree

Central Design Record

Capability Maturity Model

Capability Maturity Model Integration
Computer Usability Satisfaction Questionnaire
Dynamic Systems Development Method
Human Centred Design

Human Computer Interaction/Interface
Information Systems Development
Information Systems Development Method
Joint Application Design

Just-In-Time Requirements

Joint Requirements Planning

Language of Temporal Ordering Specification
Model-Based System Architecting and Software Engineering
Object Oriented Analysis

Object Oriented Design/Development
Principal Axis Factoring

Principal Component Analysis

Participatory Design

Questionnaire for User Interaction Satisfaction
Rapid Application Development

Requirements Analysis Sheet

Requirements Engineering

Requirement Specification Document
Rational Unified Process

Scenario-based Architecture Level UsabiliTy Assessment

Scenario Based Design

XVI



SDLC

SPC

SPEM

SPI

SRS

SUMI

SuUS

TAM
UCSD
UML
UgCD/U-CD
UrCD/UCD
VBSE
WAMMI
XSBD

Software Development Life Cycle
Statistical Process Control

Software Process Engineering Metamodel
Software Process Improvement

Software Requirement Specification
Software Usability Measurement Inventory
System Usability Scale

Technology Acceptance Model
User-Centred Systems Design

Unified Modelling Language

Usage Centred Design

User Centred Design

Value Based Software Engineering

Website Analysis and Measurement Inventory

eXtreme Scenario-based Design

Note: The abbreviations UgCD and UrCD were devised to distinguish between the two.

XVII



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Chapter One

Introduction



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Chapter 1: Introduction

1.1 Overview of the dissertation

This chapter of the dissertation briefly introduces UgCD (Usage-Centred Design), which is
a usability focused software development methodology and is the central focus of this
paper as applied for capturing usability requirements. This approach to software
development is defined in 1.7 and detailed in chapter 3. The problem statement establishes
the importance of early gathering of requirements and ensuring software usability. Section
1.4 specifies the aim of the study, and the main and sub-research objectives, which then
leads to the formulation of the research questions in section 1.5. The significance of the
study is outlined in 1.6 and section 1.7 defines the most important terms constantly referred

to in this paper.

The second chapter provides an in-depth examination of plan-driven and agile methods
from a comparative perspective, which includes justifying the need for a balanced
approach, exploring some existing combined plan-driven and agile methods, and outlining
the necessary ingredients for a balanced mix of development practices. Chapter three
details Usage-Centred Design (UgCD) as mentioned, which includes contrasting it with
general User-Centred Design methods and an attempt at showing how it can be
advantageous for addressing usability concerns. The concept of usability is then explored
in greater detail in chapter four beginning with a discussion of software quality and first
establishing the importance of usability. Chapter five refocuses the paper on the process
under concern in this study, which is that of requirements gathering and capturing. This
includes justifying the importance of gathering requirements, providing an overview of the
field of Requirements Engineering, describing different types of requirements, and
detailing how requirements are actually gathered. Different models devised to gather
requirements are also explored prior to detailing how requirements would be gathered

under UgCD.

Chapter 6 details the methodology that was applied in this research to find out how well
usability requirements are being captured at present, which involved a survey and
interviews of developers. The samples obtained are described in chapter 7. The survey
results are reported in chapter 8, and the interview findings in chapter 9. The UgCD

methodology was then demonstrated to show how it can be used to capture requirements in
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a more complete and precise manner. The outcome of this trial is detailed in chapter 10,
and the post-UgCD trial impact in chapter 11. A concluding discussion follows in the final
chapter 12 in which the framework presented earlier for ensuring usability focused
development while capturing requirements is recommended along with other related

recommendations.

1.2 Usability issues in software design

Usability is a very important concept in software design in this age when people are giving
more attention to the human side of computing and finding ways to enhance the user
experience. The problem however, is that usability is difficult to define to begin with,
which is evident from the various definitions offered, including standard specifications and
the fact that definitions have evolved over time (see 4.2 Introduction to usability).
Regardless, usability has become an established concept in software engineering, and is
accepted as a basic quality related to the productivity and acceptance of software (Abran et

al., 2003).

Another related issue is in measuring usability. In spite of its importance, measuring
usability can often be frustrating for developers, and even if the procedures are clear, it is
usually time consuming and expensive. The difficulty in measuring usability is due to it
being an emergent rather than a specific property, given its dependence on interactions
between users, tasks, products and environments (Hertzum, 2010). This also assumes that
developers want to measure usability and have a clear idea of what usability is because, as
shown by Alotaibi (2013), there is a lack of awareness of the concept of usability and

usability engineering practices in general.

Where usability is accounted for during development, the practice is usually handled by
adding a component targeted at ensuring usability to an existing development process.
Otherwise, incorporating user-centred or other usability focused techniques does not
appear to be a common practice. The motivation for this study is precisely this observation
that usability appears to be neglected by software development teams in Saudi Arabia, and
in Saudi Arabia in particular, it seems based on personal observations that understanding of
the concept is either absent or vague at best (see interview findings in 9.2.2 Responses to
question 2). Moreover, a need was perceived for promoting a usability focused method

rather than making an adjunct to another development process.
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Agile software development processes have existed and have been promoted for several
years now but questions of their suitability have only been based on anecdotal accounts of
people's experiences (Turk et al., 2005). Agile methods are based on core assumptions that
may not be valid in all situations and environments. These assumptions include availability
of customer teams for a frequent and constant interaction with developers, ability to
structure projects for short iterations, that documentation is counter-productive, that
continuous redesign is possible, that there is no dramatic increase in the cost of change, etc.

For this reason, a new combined traditional-agile method has been proposed.

In particular, Kavitha & Thomas (2011) identified inadequacies in how to handle
requirements, although they claim SCRUM can adequately deal with ascertaining user
requirements by having an on-site customer. But this could be too much to expect from the
users, and requirements can also change. Also, it may be more important, especially in the
early stages, to give priority to the functional requirements of a software over non-

functional requirements, such as aesthetic requirements.

Key features of the new approach will be requirements gathering with a focus on
developing a 'usage' rather than a user centred design. Existing literature on the use of agile
or hybrid agile methods for e-learning focus largely on user-centric aspects such as user
satisfaction and ease of use. They lose sight of the main purpose of the software; on the
characteristics that make it usable. In fact, there is inadequate integration of usability and
agile methods, there are usability issues in software developed using purely agile methods;
there is focus on user aspects such as motivation, appeal (aesthetics), user satisfaction, etc.
but not on the more important goal of actually using the software according to the purpose

for which it is developed.

1.3 Introduction to UgCD

1.3.1 Key features

UgCD (Usage-Centred Design) combines elements of both traditional and agile methods.
Specifically, it incorporates a model-driven phase in which requirements gathering is an
important component, into an agile framework. Its key features are therefore gathering user
requirements (as in JAD) and devising models for planning. The focus throughout is on
usage, that is, on the tasks that users will have to carry out and on the way these tasks are

accomplished (Constantine et al., 2003). It has the aim of trying to make the users of the
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software use the software more efficiently and effectively by enabling users to
satisfactorily accomplish essential tasks, especially in terms of enhanced performance and

ease of learning, and thereby ensuring its usability.

UgCD thus differs from UrCD (User-Centred Design) in that the focus is on usage rather
than on users per se, hence its description of being a usage-centred rather than a user-
centred approach to software design and development. Specifically, UgCD is distinguished
by its attention to tasks, and in ensuring all the requirements for each task are met.
Capturing the requirements for these tasks in turn ensures high software usability because
all the requirements are concerned with using the software and getting it to do what the
users want it to be able to do. It can therefore be perceived to be better in the sense that
there are fewer, if any, chances of missing any essential requirements as far as ensuring

usability is concerned.

1.3.2 UgCD and usability

Among other software quality attributes, UgCD is believed to enhance software usability
(Constantine & Lockwood, 2002b; Constantine, 2002; Barksdale & McCrickard, 2012),
and has also been shown to do so (Dabbagh, 2012). However, no research has been found
that has specifically examined the role of the requirements gathering/capturing process in
enhancing software usability under UgCD. In order to demonstrate this potential enhanced
usability, the existing requirements capturing process will be examined first to see how
well they are able to ensure usability. Focus in this study will be on the five attributes of
usability deemed to be most important for e-learning software, based on the literature
review, namely (1) learnability, (2) rememberability, (3) reliability, (4) efficiency, and (5)
user satisfaction. In the later experiment phase, an attempt will be made to show how

UgCD (based on a model-driven and agile combined approach) can enhance usability.

1.4 Goal, aims and objectives

The aim of this research is to show how UgCD can be used to improve the capture of
usability requirements and to then develop a framework to guide software developers to do
the same for the ultimate objective of improving the usability of the software. This usage-

centred approach is being suggested as opposed to a user-centred approach.

The original contribution will be a framework or set of principles devised to guide

developers on how to better capture requirements for ultimately enhancing software
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usability. Although this would be applicable to software generally, it will be demonstrated
using e-learning software. A secondary contribution will be to study UgCD empirically and

its potential for better capturing usability requirements.
The main research objective is as follows:

1. To test the suitability of a proposed framework for achieving improved capture of

usability requirements through UgCD in terms of completeness and preciseness;
The sub-objectives of the research are:

2. To ascertain how usability requirements for developing software are captured at

present;

3. To find out how well the existing requirements capturing process is satisfactorily

able to capture usability requirements;

4. To show how UgCD can be used to improve the usability requirements capturing
process for enhancing the usability of software through using e-learning software to

demonstrate the process.
The objectives map onto the research as follows:

* The second objective was achieved through the pre-UgCD survey and interviews;

* The first, third and fourth objectives were achieved through carrying out the UgCD

trial.

1.5 Research questions and hypotheses

The main research question for this study is as follows:

1. How suitable is the proposed framework for guiding developers in capturing

usability requirements completely and precisely?
In order to address this research question, the following sub-questions have been framed:
2. How are usability requirements being captured at present?

3. How well is the existing requirement capturing processes at a selected institution

able to capture usability requirements (that is not already using UgCD)?

4. Does UgCD enable the usability requirements to be captured more completely

6
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and precisely?

The following two hypotheses have been framed to assist in answering the fourth sub-

research question:

H1: The process for capturing requirements under UgCD yields a more complete, i.e.
longer, list of requirements necessary for enhancing software usability compared to the
existing process in each of the five selected usability categories* and in their sum total

(after taking into account wholly/partially stated requirements and matching them).

H2: The process for capturing requirements under UgCD yields a more precise, i.e. clearly
expressed, set of requirements necessary for enhancing software usability compared to the
existing process in each of the five selected usability categories* and in their sum total (as
rated by a panel of experts for each distinct aspect* of usability identified for

completeness).

*The five selected usability categories are learnability, rememberability, efficiency in use,
reliability in use, and user satisfaction, and the distinct aspects of usability to be identified

will be sub-categories of these. See section 6.7.2 Adopted measures for further details.

1.6 Significance and potential contribution of study

The literature mostly mentions studies on applying agile methods in user-centred design
contexts. Even methodologies applied to e-learning software development are mostly
focused on user-centric factors. For e-learning software, UgCD would focus on the actual
usage or learning aspect of the software, i.e. for promoting effective learning as the end
goal. It is believed that the task focused nature of UgCD can help to ensure high software
usability and that e-learning software can benefit from this approach. Unfortunately, there
is a lack of studies on e-learning software usability (Srivastava et al., 2009), and usability
of software developed using agile methods is questionable (Turk et al., 2005). Usability is
a very important consideration for e-learning software as it helps to develop better systems
with improved didactical and pedagogical approaches (Novak et al., 2010), but for this
type of software, it is often neglected (Kruse, 2002). The main reason for this neglect is
because usability is considered tedious, least rewarding and expensive to test (Mueller,
2009). There is no standard means to evaluate the usability of e-learning software
(Feldstein (2002), for which reason, important usability aspects other than the level of user

satisfaction tend to be ignored, hence the need for better understanding of usability with



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

respect to e-learning software.

In particular, there are inadequacies in the way in which requirements are handled (Kavitha
& Thomas, 2011), so this research will also satisfy the growing interest in requirements
engineering (Zhang, 2010). A framework or set of principles will be devised to guide
developers on how to better capture requirements for enhancing software usability that
could be applied to software generally but especially to e-learning software. A secondary
contribution will be to study UgCD empirically and its potential for better capturing

usability requirements.

1.7 Context of the study

The study context is centered firstly on e-learning software, and secondly on software

developers in higher education institutions in Saudi Arabia.

1.7.1 Cultural context

Culture refers to the “collective programming of the mind that distinguishes one group of
people from another” (Hofstede, 2001: 9). Saudi Arabia is distinguished by being a highly
conservative and religious country. Its culture can be described as collectivist, relatively
homogenous, hierarchical and patriarchal. For this kind of culture, Hofstede's dimension of
'uncertainty avoidance' and Hall's (1983) classification of 'high context' are of particular

relevance.

Having a high context, as opposed to a low context, indicates the preferred communication
styles. Arabs tend not be explicit in their communications. Instead, they prefer to embed
the actual meanings, which is similar to although not to the same level of extremity as the
Japanese style of communicating (Table 1). Listeners therefore have to guess the actual
meanings, and communications with people from 'low context' cultures, who are
accustomed to being open, precise and direct, tend to be challenging (Gudykunst & Ting-
Toomey, 1989). Greater openness only comes after both sides first work on establishing

trust.



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Table 1: High and low context cultures

High context cultures

Japan

Arab countries

Greece

Spain

Italy

England

France

North America

Scandinavian countries

German-speaking countries

Low context cultures

Source: Hall & Hall (1990)

Saudi Arabia also has a collectivist society because of the emphasis on group needs and
interests, and in Saudi culture, honour plays an important role and the social customs
include strict gender segregation. With respect to software development, this kind of
environment is restrictive. In particular, this cultural context can present difficulties in
arranging for the kind of collaboration, open or face-to-face communication and social
interaction that is expected when implementing agile methods, especially between
members of the opposite gender. Team, communication and customer relationships are
important cultural factors identified by Chan & Thong (2008). Also, the tendency to avoid
uncertain situations means that developers in general would not be willing to try an
alternative software design method to what they are already accustomed, which in the

Saudi context means anything other than traditional plan-driven methods.

In an academic institutional environment, these aforementioned problems exist but are less
pronounced compared to society generally because the management, teachers and students
are used to working closely together and the needs of teachers and students is a top priority.
Moreover, communication technologies can easily be used in supporting distributed agile
practices through allowing both formal and informal controls necessary for collaboration
(Persson, 2011). The core value of cultivation is also present because such organisations
focus on future possibilities and appreciate students' learning and creative development.
Nonetheless, organisational culture is affected by the prevailing societal culture at large.
Taking this culture into account is important because it determines the extent to which

agile principles can be accepted and implemented in an organisation accustomed to using

9
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traditional methods (Chan & Thong, 2008).

In such an organisation, adopting an agile method or other software design methodology
otherwise dependent on relating and interacting with users, open communication and
collaboration, presents a major challenge. How that challenge is dealt with can affect the
extent to which the methodology is applied and possibly the success of the software
project. Tolfo & Waslzwich (2008) point out that organisations in cultures that are highly
incompatible with the values and principles expected in agile methods are likely to
experience exhaustion. This is likely due to difficulties experienced in overcoming certain

inhibitions and restrictions imposed by the culture but required by agile methods.

A study by Kautz (2009) carried out a cultural analysis on three organisations that adopted
agile methods for their systems and software development. The organisations were present
in three different cultures, which were cooperation and competence based, and one was
characterised as having a subculture within a culture. It was found that agile development
can easily thrive in different cultural contexts as long as some important conditions are met
because of their ability to compensate. Four necessary conditions were identified, which
are control, competence, collaboration and cultivation, which must be present to a

significant degree.

1.7.2 Academic and e-learning context

The academic context of the study means that the users of the software are teachers and
students. It may be that neither can be expected to fulfil the role of a full-time on-site
customer, but they may still be willing to offer suggestions, work collaboratively, and even
make some contributions. Unlike with culture, this context does not pose a constraint on
applying UgCD, as collaborative working is not likely to be uncommon. One possible
issue in this context is that of 'requirements volatility', that is, major changes may be
expected in project requirements. However, unlike traditional methods, which are not able
to cope with this scenario well, agile methods can be used to address this issue effectively
(Davey & Parker, 2010).

Using agile methods in supporting teaching/learning is referred to as the Agile
Teaching/Learning Methodology (ALTM). It is designed to gather the best ideas and
practices from software engineering and concepts from agile methods and applying them in

delivering/taking courses (Chun, 2004). They have been shown to be especially useful to

10
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aid teaching when combined with communication, creativity and enthusiasm (Tesar &
Sieber, 2010). ALTM platforms utilise modern information and communication
technologies to support collaboration and knowledge sharing, such as through instant

messaging, commenting, wikis, blogging, etc.

1.8 Definitions of key terms

Definitions are given below of the key terms used in this study together with references to

the later sections of this paper in which further details can be found.
Requirements

A statement of expected system characteristics or necessary attributes; 'A condition or
capability needed by a user to solve a problem or achieve an objective; that must be met or
possessed by a system or system component to satisfy a contract, standard, specification, or
other formally imposed documents' (IEEE Standard 610.12-1990); see section 5.1.1 for

further details.
Requirements capture

A process typically undertaken during the system analysis stage, which usually involves
elicitation for obtaining and possibly later refining requirements, and following which the
elicited requirements are usually documented using either natural language or a conceptual
model. See section 5.2.2 and 5.3. It can take the form of a formal process, a structured
process, a social process, or a combination of these depending on the actual method used to
capture the requirements of which there are many. Requirements Capture as distinct from
Requirements Gathering, Requirements Engineering, Requirements Elicitation, etc. implies
a sense of achievement in correctly identifying a requirement as is the focus of this study.

This distinction is explained in detail in section 5.1.3.
Usability

Usability usually refers to how easy it is for a user to learn to operate, to prepare inputs for,
and to interpret the outputs of a system (IEEE Standard 1061-1992). See section 4.2
Introduction to usability. Several components of usability have been identified, such as
learnability, rememberability, effectiveness, reliability, satisfaction, etc. See section 4.7 and

Table 5.

Usability requirements

11
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Those requirements that directly impact on the usability of a software; Described by
Bennett (2004: 121) as those requirements that ensure “a good match between the system
that is developed and both the users of that system and the tasks that they will undertake
when using it”. Such requirements prioritise usability and ensure usability goals are met

(Hammond et al., 2004: 141). See section 5.2.2.
Usage-Centred Design

A model-driven software development methodology developed by Constantine &
Lockwood that focuses on the tasks to be accomplished. As such, the software developed
using UgCD is built around uses rather than on users per se, and due to this focus and
distinction from UrCD, it prioritises usability throughout and thereby increases the chances
of the software being highly usable (Juristo et al., 2003). UgCD involves exploratory task
modelling during the design phase to identify roles and tasks, a procedure adapted from
Jacobson's Use Case driven approach, and use cases are distinguished between those that
are essential and those that are real. The JITR process is then applied to refine the
requirements later. UgCD bears similarities with JAD and ACD. See sections 3.1 for
description of UgCD, remainder of section 3 for other information related to UgCD,
section 5.6 for details of how requirements are gathered under UgCD, and Figure 18 for

the logical process of UgCD.
User-Centred Design

Software development methodologies that focus on software users, and which usually rely

on scenarios. Differences with UgCD are discussed in 3.4 and summarised in Table 3.

1.9 Summary of chapter

The chapter introduces the study, which relates to the field of usability engineering in
software design, specifically to the phase of requirements gathering. It identifies current
software design practices as being dominated by User-Centred Design (UrCD) and agile
methodologies, and introduces Usage-Centred Design (UgCD). UgCD combines elements
of both traditional and agile methods by incorporating a model-driven phase into an agile
framework. UgCD is implemented during the requirements gathering phase and is claimed
to enhance software usability as an outcome of its capability to completely and precisely
identify users, roles and tasks, and specially to gather usability requirements. It also

provides for refining those requirements during its later iterative stages through allowing
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continuous consultation with users. The need for focusing on usability is justified given the
continued inadequacies in handling requirements (Kavitha & Thomas, 2011). The aim of
the study is to show how UgCD can be used to improve the capture of usability
requirements, and to then develop a framework of principles to guide software developers
in capturing requirements for enhanced software usability. The need to combine plan-drive
and agile methods, the concepts of UgCD and usability, and the process of requirements
gathering are explored in depth in the subsequent chapters comprising of the literature

review.
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Chapter Two

Plan-Driven and Agile Development Methods: A
Comparative Perspective
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Chapter 2: Plan-driven and agile development methods: a
comparative perspective

2.1 Comparative perspective of agile and plan-driven methods

A few methods from both traditional (plan-driven) and agile methodologies are compared
and contrasted in order to highlight their respective advantages and disadvantages and to
show how UgCD combines elements of both. The two can be considered as hard and soft
methods respectively in the development of information systems. A trend can be observed
that shows hard methods were prominent initially, but that they later gave rise to softer
methods (see table below). This is also reflected on the timeline, which shows the
emergence of various traditional and agile methods in Information Systems Development

(ISD) over the years.

The focus of hard methodologies, which involve structured and organised plan-driven
processes, is to make software quickly and in a way that is repeatable. The main success
criterion is developer productivity. Soft methodologies at the other end aim to satisfy users.
Hard methods deal mainly with issues such as structure, implementation and testability,
whereas soft methods deal mainly with issues such as stakeholder communication, user
participation and conflict analysis. This does not mean, for example, that hard methods do
not involve users at all but if they are involved, their involvement is minimal, typically at
the stages of feasibility analysis and final acceptance but not during the actual

development.
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Table 2: Prominence of hard/soft methods since 1960s

Period 1960s to Late 1960s Late 1970s to | 1980s to 1990s Mid-1990s to
early to 1970s early 1980s present
1970s

Era Pre-methodology era Early Methodology era | Post

methodology (prescriptive) methodology
era era
(prescriptive)
Emphasi | - Software product improvement | Software process | Agile ISD — on
s (in emulation of traditional improvement points
engineering methods) (SPI) (through identified in the
use of ISDMs) agile manifesto
such as
individuals and
interactions

Methodol | Ad-hoc (see timeline | SDLC-waterfall | Unified process, Agile, scrum,

ogies approache | below) model object-oriented crystal, XP, etc.
s analysis,

multiview, formal
methods, etc.
Related - Quality Establishment of quality standards | Kaizen, lean,
develop assurance and guidelines six sigma, etc.
ments practices
such as SPC
Sources: Stamelos & Sfetsos, 2007, Parsons & Lal, 2006 (adapted)
Figure 1: Forty years of ISD methodologies
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Source: Stamelos & Sfetsos, 2007 (adapted)
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2.2 Traditional methods: About CMM (Capability Maturity Model)

The use of CMM began with large-scale military software development, and it was
promoted by the US Department of Defense through the Software Engineering Institute
(SEI). The method was improved further to deal with the problem of failed projects. One of
the guiding ideas behind CMM is that quality improves through gaining an increasing
degree of control over processes (Orr, 2002). CMM has five levels, which are as follows:

(1) Initial, (2) Repeatable, (3) Defined, (4) Managed, and (5) Optimising.

CMM tends to appeal to organisations in which managers want control and also to be able
to grant certification. The latter gives an impression of credibility. CMM has earned a
reputation of being a popular and well-documented method for software management. On
the other hand, there is a concern that CMM is too focused on management processes
instead of the quality of the end products. As for the certification, it is seen as marketing
oriented and largely arbitrary as it relies more on paperwork and good documentation than
actual management. Higher levels of certification require strong project management and
are less concerned with production. This approach is not liked by many developers who
would rather concentrate on the design and program instead of being required to complete

a lot of paperwork.
Key points about CMM:

¢ Designed for greater control and to allow certification
e It is too focused on processes instead of the software

e It requires too much paperwork and documentation

2.3 Agile methods

Agile methods arose with the ‘object revolution’ in the late 1980s. OO techniques were
then combined with features that now characterise agile methodologies. These include
developing in short increments, working hand-in-hand, allowing for changes in
requirements and minimal documentation. A comparative study on agile methods by
Abrahamsson et al. (2003) identified four key characteristics that define all agile methods —
agile methods are: (1) incremental, (2) cooperative, (3) straightforward and (4) adaptive.
Their incremental nature leads to small releases with rapid release cycles; by cooperative is

meant that developers and customers work together; being straightforward results in the

17



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

method being easy to learn and modify and well documented, and being adaptive makes it
possible to make even last moment modifications. Agile methods also seek to eliminate
waste and prevent miscommunication. The agile manifesto devised in 2001, encapsulates
many of the common principles in agile methodologies. It mentioned focusing on
individuals and interactions over processes and tools, working software over
comprehensive documentation, customer collaboration over contract negotiation and
responding to change over following a plan. Although the previous components (right)
were continued to be valued, the replacements (left) were valued greater. This manifesto,

restated below, clearly sets out the differences between agile and traditional methods.
The manifesto for agile software development:

* Individuals and interactions over processes and tools
*  Working software over comprehensive documentation
* Customer collaboration over contract negotiation

* Responding to change over following a plan

Several principles can be identified that underlie the agile manifesto. Some of the key
principles that characterise agile methods, and which make them distinguished from
traditional methods, are listed below (adapted from Agile Manifesto and All About Agile).

These are not universally agreed upon principles, and are presented in no particular order.
* The highest priority is to satisfy the customer through early and frequent delivery.
* There is active user involvement.
* Small, incremental releases are developed that are then iterated.
* Changing requirements are welcomed, even late in development.
* Face-to-face conversation is used to convey information.
* The development teams are self-organising.
* There is collaboration and cooperation between all stakeholders.
In practice, agile methods tend to be most suitable for smaller scale and stand-alone

projects because of their less demanding nature and their ability to satisfy the need for
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rapid development and to cope with continuous changes (Boehm & Turner, 2005).

Five major agile methods emerged in the 1990s: Crystal methods, Scrum, Dynamic
Systems Development Method (DSDM), Feature Driven Development, and Extreme
Programming (XP) (Rico et al., 2009: 7). These methods already existed at the time of the
agile manifesto, which was formed to point out their commonalities and specify the four
major underlying values along with 12 broad principles. These values are common to all

the agile methods, and agile methods are essentially value-based.

Of the aforementioned methods, XP was the first to be described as 'agile’, and its primary
focus is on ensuring customer satisfaction and teamwork (Lankhorst, 2012: 19-20).
Although XP's values make it agile (because it shares the values defined in the agile
manifesto), XP differs fundamentally from other agile methods with respect to certain rules
it follows. The few differentiating rules are continuous validation through testing, writing
units before coding, and collective ownership (Maurer & Wells, 2003: 38). DSDM is also
focused on iteration and incrementing, but in a more phased manner, and it emphasises risk
mitigation, ensuring quality and measuring progress. DSDM is based on 8 principles that
make it regarded as a 'heavyweight' variety of agile methods, and it arose from Rapid
Application Development (RAD). In contrast, Scrum, which is a very popular method, is
lightweight and relies heavily on meetings and collaboration. However, it is criticised by
some for not being agile enough because it does not allow for adding new requirements

during its time boxes called 'sprints' (Lankhorst, 2012: 20).

2.4 Object-oriented methods

Among the early software development methods were those described as 'Object-Oriented'
in which a system is perceived as comprising of objects with there being relationships
between them. OO systems provided advantages of greater control of data, re-usability, and
better adaptability to changes despite there being some possible degradation of
performance and usually high costs of training (Hevner, 2010). The various OO methods

for software development then converged to produce the UML standard.

2.4.1 UML (Unified Modelling L.anguage)

In addition to agile methods therefore, another major development in the field of software
engineering of relevance to this study has been the adoption of UML (Unified Modelling

Language) for describing object-oriented systems. UML has become the de facto standard
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language used in Object Oriented Development (OOD) (Hudson, 2001). The UML
standard, developed by the Object Management Group, details graphical notation
techniques for creating visual models of software-intensive systems that are object-
oriented. As such, UML is not in itself a software development method or programming
language, and it is also not limited to specifying how diagrams are to be constructed;
rather, it provides for a standard means to model these systems based on best practices and

includes documentation techniques.

2.5 Comparison of traditional and agile methods

2.5.1 Planning and collaboration

In traditional methods, careful planning is given great importance and it is the
responsibility of the project manager. These methods are often referred to as ‘plan-driven’,
and they led to various prescriptive methods being developed. The prime focus was on
quality and to ensure this, considerable time was spent in determining the requirements
alone before coding for the software was even begun (Parsons & Lal, 2006). This typically
involved feasibility studies and requirement validation, reviews and management, and the
devising of class diagrams, data and object models, etc. This level of detailed planning was
considered as essential whereas agile methods see this being done in advance to such a

degree as time consuming and unnecessary.

Agile methods differ by putting much less responsibility on the manager and involving the
technical people and users in the process to a greater or lesser degree. Planning does take
place in agile methods but it is less extensive and the focus is on being efficient and
effective. In XP for example, planning is suggested to cover only up to the end of the next
iteration and longer term planning, if any, is limited (Beck, 2000: 85). The principle of
‘collective ownership’ in XP in which everyone is responsible for the entire system also

reinforces the decentralist perspective of agile methods.

Boehm (2002) provided a useful illustration of the planning spectrum, which is reproduced
in Figure 2 below. At the extreme ends are inch-pebble ironbound contracts and hackers
and at the far end of each of these types are the plan-driven and agile methods respectively.
It is to be noted that the centre of the spectrum that balances both extremes is occupied by
risk-driven and adaptive methods. UgCD shares characteristics mostly in common with the

somewhat planned but more adaptive agile methods.
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Figure 2: The planning spectrum
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To some extent, detailed planning in software development is essential because it allows
for suitable scheduling, budgeting and quality control. It provides three potential
advantages, namely (1) a reduction in uncertainty due to consideration of the likely
outcomes and preparation of corrective measures, (2) an increase in understanding of the
projects goals and objectives, and (3) an improvement in efficiency (Wysocki, 2011).
Consequently, it is thought that a well-planned project is more likely to finish sooner, cost
less and have better quality. Wysocki (2011) explains that proper planning is a painful'
process but it pays off as the project progresses, and argues that by not planning, exposure
to significant 'pain' is experienced later on. The effect of these two scenarios on time is
illustrated by the graph below. Good planning has a higher initial pain but the project
proceeds smoothly and on time whereas poor, little or no planning at the initial stage leads

to an increasing amount of pain later and ultimately makes the project fail.
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Figure 3: Pain curves
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This explanation is useful in contrasting between the effort made in terms of planning and
its likely impact on the progression of the project, especially the time factor. It should also
be pointed out that the poor planning scenario does not necessarily refer to an agile method
having been adopted; rather, that planning has either not taken place at all or it has been
done in an inadequate or ad-hoc manner. Consideration also needs to be made for
justifying the planning and the extent to which it is advisable or required. This depends on

the type of project, and on its size, complexity and degree of importance.

Traditional software methodologies required extensive planning because they were usually
applied to large scale projects. Agile methods, which usually involve much less extensive
planning, became popular because the initial 'pain' threshold was seen as too high and
inappropriate for many smaller scale projects. Moreover, it is often the case that projects do
not go according to plan and the plan needs to be constantly revised. This justifies the
position of agile methods, which are typically characterised by short term planning and
only provisional longer term planning. For many short projects, too detailed planning at the
early stage is a sheer waste of time, especially if the project or any element involved is of a
non-critical or non-complex nature. In such situations, spending too much time in planning
results in a ‘high loss probability’ (P (L)) due to the time lost that could have been spent
more usefully getting on with the project itself (Boehm, 2002). It could also prove to be a

very expensive undertaking (Guerrero & Eterovic, 2004).

On the other hand, the involvement of users in agile methods is permitted to an extreme

degree because it requires ‘on-site customers’ wherein a real customer is made to sit with
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the team, answer their questions, set some priorities and even resolve their disputes (Beck,
2000: 60). This calls for a total full-time commitment that lasts throughout the duration of
the project. It is therefore very demanding of the users to get deeply involved. A case study
of an on-site customer in an XP based project confirmed this perception that a 100%
available customer is demanding and also costly and difficult to arrange (Koskela &
Abrahamsson, 2004). Furthermore, the empirical results showed that only 21% of the
customer’s effort was actually required by the software development team. They also
pointed out that appointing an on-site customer could create a false sense of confidence.
This is probably because the team is led to believe the on-site customer is representative of

the potential population of users and will identify and resolve every issue that arises.

2.6 Justification for a balanced approach

There seems to be a greater acceptance now that neither traditional nor agile methods can
be suitably applied in all software engineering contexts and that they each have their
relative advantages and disadvantages. As pointed out by Parsons & Lal (2006: 9) for
instance, it is accepted that although agile methods can be usefully applied in certain
contexts, they are not suitable in all of them. In particular, agile methods tend to be
inadequate in terms of being able to provide “a fully viable methodology” in cases where
the organisation is complex and in which the individuals are not self-organising. This
section explores issues that lead to justifying a balanced approach, and examples are given
in 2.7 of two existing balanced approaches, namely the OSS model and SBD (Scenario-
Based Design), and of recent hybrid models. Such approaches try to derive benefits of both
discipline and agility. Further examples are given in 2.7.3 of more recent hybrid

development models.

2.6.1 Adaptation and diversity

Sommerville (2007: vi) states that the basic processes involved, namely specification,
design, development, verification, validation and management, have to be properly
understood together with the techniques associated with them, to help decide the most
appropriate method and how it can be adapted for the situation at hand. This is the right
approach to take as it shows a better understanding of the nature of software development
projects and is therefore better to satisfy their needs and requirements. It is too simplistic to
consider a single fixed methodology, regardless of whether it is traditional or agile, as

being able to deal with all software development projects.
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It should be accepted that the methodology to be applied will be determined by the
processes involved, and in particular, by the size and complexity of the project.
Furthermore, it should be accepted that the methodology would need to be adapted
according to the unique characteristics of the project, the working environment and
available resources. Crystal agile methodologies do allow for adjusting the method
according to the project's size and criticality but they do not advocate enough methods that

can be usefully applied.

The point made by Sommerville (2007: 4) is that there is now a recognition of needing a
diversity of approaches to software development in response to the diversity of different
types of systems and organisations. Furthermore, despite acknowledging the differences,
there is also a recognition of underlying fundamental notions common to all the techniques
pertaining to process and organisation. He identifies four fundamental processes, some of
which were mentioned above, which are (1) software specification, (2) software
development, (3) software validation, and (4) software evolution. Specification is where
the developers and users define what is to be produced as well as the constraints;
development refers to the actual designing and programming; validation concerns software
checking to ensure it is as required, and evolution concerns modifications in line with
changing requirements. To illustrate the need for different development processes for
different systems, he compares real-time software used in aircraft and e-commerce
systems. Whereas in the former, it is necessary for specifications to precede development,

in the latter case, it is usually acceptable for both to be developed together.

Agile methods do allow for adjustment in response to needs that emerge during the
development process but they are all still designed to provide a universal solution instead
of focusing on being situation appropriate (Abrahamsson et al., 2003). Moreover, they all
cover only certain phases of the development life-cycle and they usually lack adequate
support for project management. There is a need therefore, for greater methodological
quality rather than for devising yet another universal method that attempts to satisfy every
possible need. Beck did acknowledge that no single process can fit every software project
(and stressed for satisfying individual requirements) but it is felt that agile methods went to
the other extreme end of the spectrum from traditional methods and therefore failed to be
more universally applicable and adaptable. The future direction should involve pursuing
balanced combined methods with a better understanding of requirements, processes,

resources, situational context, etc.
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2.6.2 Issues with pure agile methods

One of the main concerns of agile methods is that as there is little planning beforehand and
there is greater uncertainty instead. In particular, it proves to be difficult to estimate the
costs of projects based on iterations (Stamelos & Sfetsos, 2007: 19). On the other hand, it
could be said that agile methods save time and cost because of the quicker start of projects.
Furthermore, it has been observed in agile development conferences that the “software
process jacket” of many projects led by agile methods that cover enterprise architecture,
patterns and software reuse, is getting heavier. This means it is becoming increasingly
accepted that even if agile methods are used initially, it is not always possible to retain the
same level of agility over time. One explanation could be that no matter how agile a team
starts off, in the long term, it tends to settle on certain accepted patterns, techniques and

habits, thus losing its agility.

Although the need for alternative approaches has been established, introducing agile
methods in organisations that are accustomed to traditional/formal methods, i.e. entirely
and with little if any preparation, is not likely to be satisfactory. This may not be due to
deficiencies in the chosen agile method itself, but due to a number of possible changeover

issues that may arise.

In general, smaller projects tend to be more suited for applying agile methods as they are
better able to allow for rapid development and cope with continuous change. On the other
hand, they pose difficulties in scaling up and in integrating with the traditional
organisational arrangements that are hierarchical (top-down). In practice, managers face a
number of barriers when they attempt to introduce agile methods in organisations that are
accustomed to traditional methods. Besides change related challenges, nearly 40 perceived
barriers were identified during a workshop that are faced by managers when trying to
implement agile methods (Boehm & Turner, 2005). These were first categorised into non-
problems, problems that existed with respect to size/scope and significant issues. Based on
the latter two categories, the more critical challenges posed were categorised into the
following three areas: (1) development process conflicts, (2) business process conflicts,

and (3) people conflicts. These can be further subdivided as shown in the table below.
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Table 3: Challenges for agile methods in traditional organisations

Development process |Business process People conflicts
conflicts conflicts

Variability Human resources Management attitudes
Different life cycles Progress measurement Logistical issues

Legacy systems Process standard ratings |Handling successful pilots
Requirements Change management

Development process conflicts include issues related to variability, different life cycles,
legacy systems and requirements. Business process conflicts include human resources,
progress measurement and process standard ratings. People conflicts include management

attitudes, logistical issues, handling successful pilots and change management.

Variability issues arise because the two methodologies tend to lead to “radically different
artifacts” that could make integrating difficult thus necessitating some degree of
coordination. For example, product functionality or some design details could change. The
two also have different life cycles with agile methods focused on delivering immediate
functionality whereas traditional methods are concerned with a longer-term optimal
development thus requiring adjustments. Legacy systems are difficult to disassemble for
accommodating agile replacements. Requirements issues arise because agile methods are
usually functional and informal. Human resource issues that tend to arise include
timekeeping and position descriptions. For progress measurement, traditional processes
based on the earned value tend to be problematic to apply in agile based methods. Process
standard ratings are another problematic area, especially for more mature organisations.
During migration, processes such as statistical process control stem from a manufacturing
paradigm and employees are typically associated with certain roles. Also, collocation is
expected for agile teams, systems have to be controlled in a coordinated manner, and they
need to be architecturally driven. Compatibility between the organisational structures and
processes is another important factor, as are risks throughout the hierarchy. In regard to
change management, problems can arise such as obsolescence and inadequacy, dealing

with reluctant employees, etc.

Knowing the kind of challenges that could be faced in this scenario is useful because
preventive, alleviative and other measures can be taken to facilitate the implementation.
This is relevant for UgCD because it shares similarities with agile methods that will be

attempted to be introduced in a university in which traditional non-agile methods have
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been dominant. Strategies can then be devised to overcome the challenges and ensure the
adoption of UgCD is as successful as possible. However, some of the previously identified
challenges would be more or less relevant than others in the Saudi cultural and e-learning

context so this would need to be taken into account.

2.7 Existing combined agile-plan driven methods

A brief examination is made of some existing methods that fall in between traditional and
agile methods including case studies. This is worth making for their possible similarities
with UgCD, which also attempts to balance both extremes. One such model is used for the
development of Open Source Software (OSS), and another hybrid method is called
multiview. Different types of one methodology can also be combined. The combining of
more than one agile method for example, was shown to be viable based on empirical

evidence in a study by Fitzgerald et al. (2006).

Such traditional-agile hybrid methods are thought to be a good approach to ensure quality
development because they combine elements of both as deemed necessary for the software
project to succeed. They also mitigate the risks for organisations that have invested heavily
in traditional methods but wish to take advantage from applying at least some agile
elements (Parsons & Lal, 2006). The reluctance to adopt agile methods in whole is also
because agile methods tend to be based more on abstract principles than on concrete
guidance (Abrahamsson et al., 2003), and the fear that quality might be compromised due
to the lighter approach. Combined methods allow both to be used in a complementary way.
In short, the aim is to derive benefits from both approaches to software development and in

a way that would not result in losing existing value but would add new value instead.

Hybrid methods take advantage of the fact that the essential goals of software engineering
are the same regardless of the nature of the project, i.e. to develop software according to
the user requirements at a reasonable cost and within an acceptable time. Thus, the formal
and agile methods do not have a conflict of interest; rather, there is a change of emphasis
(Parsons & Lal, 2006). As an example, whereas a traditional method might focus on
process quality in order to ensure product quality by applying a restrictive process, an agile

method might involve a more reflective process to focus directly on the product quality.

2.7.1 The OSS model

The OSS model was seen by Boehm (2002) as lying between agile and what he called
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'plan-driven' methods. The table comparing the three with respect to developers, customers,
requirements, architecture, refactoring, size and the primary objective is attached in
Appendix A. The OSS model actually shares many characteristics in common with agile
methods except that the development teams, which are typically larger, are geographically
distributed, there is less representation by customers, the software is commonly owned and
continuously evolves, the architecture is open, and the primary objective is the challenging
problem. UgCD does not need to be like the OSS model because the main development
team will be localised at the university rather than dispersed geographically. However, it
will share the feature of being a continually evolving product so that it stays in line with
the changing user needs of teachers and students. At the same time, it will also resemble
plan-driven methods with respect to being designed to meet not only current but also to
some extent foreseeable requirements. This could allow some innovative special features
of the software to be trialled so that later, they can be either discarded or perfected
although this practice will not be treated as compulsory if it is likely to hinder meeting the

schedule and cost targets.

2.7.2 Scenario Based design

One approach to software design is to take into account possible scenarios of human-
computer interaction. Scenario-based Design (SBD) does this in a way that specifically
addresses five technical challenges in software development (Carroll, 2000) that are
illustrated in Figure 4. The approaches used in SBD to deal with these challenges indicate
that SBD is a combined plan-driven and agile approach because three are plan-driven,
while two are agile in nature. The plan-driven components or characteristics are permitting
reflection, permitting a variety of interactions, and abstraction and categorisation, and the
agile components are flexibility and being work-driven. Scenarios prove useful because

they:

(1) Evoke reflection upon the design work content thereby helping developers to

coordinate design action with reflection.

(2) Are immediately concrete and flexible thereby enabling developers to handle fluidity in

design situations.

(3) Provide multiple interaction views with a range of detail thereby enabling developers to

manage several possible consequences of a design change.
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(4) Can be abstracted and categorised thereby enabling designers to recognise, capture and
reuse generalisations, and deal with the challenge of technical knowledge lagging behind

technical design.

(5) Promote work-oriented communication among stakeholders thereby making design
activities more accessible to a range of expertise contributing to design and dealing with
the challenge faced by external constraint designers and clients which distract attention

from technology users' needs and concerns.

Figure 4: Challenges and approaches in Scenario Based Design
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The third identified challenge and potential for SBD is interesting from the point of view
of usability because it permits an examination to be made of a range of possible usability
consequences in the form of interdependencies and trade-offs. Considering design
decisions from different perspectives, including usability, is essential due to the

interconnected nature of such decisions.

29



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

2.7.3 Recent hybrid development models

Several recent attempts have been made to devise hybrid development models by
combining elements of several software development methods characteristic of both plan-
driven and agile methodologies. In a study by Silva et al. (2015), 81 other studies were
examined that combined CMMI (Capability Maturity Model Integration) with agile
software development. Notably, it was found that agile methodologies alone were
insufficient for obtaining a certain target rating, and it was necessary to combine them with
CMML. It is not surprising therefore that developers resort to using hybrid models. One
early example of a hybrid or balanced plan-driven and agile methods is MBASE (Model-
Based System Architecting and Software Engineering) (Boehm et al., 2002).

A more recent attempt at devising a hybrid development method combined three methods,
namely RUP with XP and SCRUM (Bashir & Qureshi, 2012). RUP was chosen due to its
document driven nature, “high predictability, stability and good quality results for large
scale projects” among other reasons, SCRUM due to its ability to manage and track
development, and XP due to it having the “best engineering practices”, such as user stories,
coding standards, pair programming and metaphors. Their proposed integrated framework
(Figure 5) comprises of three major phases and six logical activities. The major phases are:
(1) Domain analysis and design, which involves business investigation and design, (2)
Production and validation, which involves implementation and testing, and (3) Evolution,
which involves deployment and configuration. The framework was designed in order to
integrate the strengths of the three separate methodologies “while suppressing their

weaknesses”.
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Figure 5: A proposed RUP-XP-SCRUM integrated framework
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Another similar multi-hybrid model also uses RUP and XP, but combined with the AUP
(Agile Unified Process) and SPEM (Software Process Engineering Metamodel) used for
development for the mobile environment and with the aim of delivering high quality
products (Khalid et al., 2014). The Agile Unified Process is a simplified version of the

Rational Unified Process.

These frameworks present further evidence of developers acknowledging the strengths and
weaknesses of different methods and finding ways to combine them so as to enable them to
devise integrated models. Improving usability was not the objective in the above-
mentioned study by Bashir & Qureshi (2012), but the need was acknowledged for a
methodology that can deal with projects that range in size from small to large scale. The
methodology was devised in such a way that more activities typically practiced in RUP

alone can easily be inserted as required for larger projects.

2.7.4 Balancing control and flexibility

It can be seen from the above examples that key useful features of traditional methods are
that they provide the necessary control and discipline, and key useful features of agile
methods are that they provide the necessary flexibility and adaptability. Some degree of
control is desirable if not essential, especially in situations of highly specific requirements,

high resource constraints and high criticality. On the other hand, some degree of flexibility
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is also desirable because it allows for improvisation and the ability to adjust for changes. It
is now accepted that sustainable and successful software projects require both discipline
and agility (Boehm & Turner, 2003: 23). It would be more accurate however, to state that
both qualities are required in varying degrees because software development processes
have to be able to adapt to a very wide range of requirements and development
environments with culture being another complicating factor. It may seem that the two
ideals are incompatible with each other but this is not necessarily the case if some

allowance is made for both.

In order to achieve the right balance between control and flexibility, some mechanisms
exist such as 'scope boundaries' and 'ongoing feedback'. Harris et al. (2009) refer to these
as 'emergent controls' because they allow for a trade-off between control and flexibility by
enabling restrictive scope boundaries to be applied and dynamic feedback opportunities to
be availed at the same time. Scope boundaries limit the set of feasible solutions without
specifying specific outcomes and ongoing feedback provides checkpoints that can be used
to validate progress based on the feedbacks (Hevner, 2010: 105). The setting of scope
boundaries is a risk management technique which focuses the attention of the development
team. The feasible space lies within the boundary and is defined by such practices as
having a shared vision, making partial specifications, predefining architectures,
determining resource constraints, etc. If this space is restricted too much that it does not
allow for any flexibility then it becomes a plan driven approach so the point is to strike the
right balance that defines the scope as far as necessary yet allowing for flexibility to shape

the final form of the software development phases and product.

As rightly pointed out by Boehm & Turner (2003: 23) in 'Balancing agility and discipline’,
ascertaining the appropriate amount of rigour or control to be applied is a management
issue. Neither the developers nor the end users have a complete grasp of the entire project
as they are usually only interested in the phases of relevance, unlike the management,
which would normally have a wider perspective. The decision of appropriate amounts
would depend on the type of project and therefore also such factors as familiarity and
complexity; on imposing factors such as budget, schedule, other resource limitations,
degree of criticality, politics, etc., and on the capabilities of the development team
according to the personal experiences and degree of team cohesion or collaborative
capabilities. As far as the UgCD model is concerned, the type of cultural context is going

to be an important factor as well and the type of users are already defined as teachers and
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students. Furthermore, the software must be able to enable these two groups of users to
work cooperatively and effectively so that the e-learning takes place as effectively and
efficiently as possible. Regardless, the point is that for any software project in general,
there is a need at the outset to determine the most appropriate balance between control and

flexibility.

2.8 Achieving the right mix of development practices

In attempting to achieve the right mix of development practices, we need to consider
certain features of the project, people and environment. It should be apparent now that
projects can differ significantly from one another and certain methods are better suited to
certain types of projects and in certain contexts than others. An examination of the methods
used in 720 projects showed that the most critical risk driver affecting the success of a
software project was an inappropriate development methodology (Tiwana & Keil, 2004),
hence the importance of selecting or devising the most appropriate method and not
applying the same method for all cases. The issue then is how to determine which
traditional or agile based method or elements thereof should be used for a given project, or
how to achieve the right balanced approach consisting of the most suitable set of practices.
This requires first categorising the project based on its characteristics. Boehm & Turner
(2003) identified five such attributes on the basis of which projects can be categorised.
These attributes are size, criticality, dynamism, personnel capacity and organisational
culture. These can be termed as 'contingencies' because the actual method used can be

made to be dependent on these characteristics.

The relative importance of the various characteristics could be an issue in itself and they
could also be context dependent. However, a number of them are frequently identified in
the literature, not least the five identified above. At one software house, the history of
projects were found to have two primary attributes, namely complexity and uncertainty.
This led to them developing a four-quadrant matrix that can be used to help in determining
suitable additional process practices beyond their core set of practices. They named it 'The
Houston Matrix'. The degree of the complexity attribute was ascertained by assessing the
following six sub-attributes on a scale of ten: (1) team size, (2) mission criticality, (3) team
location, (4) team capacity, (5) domain knowledge gaps and (6) dependencies. The degree
of the uncertainty attribute was ascertained likewise by assessing four sub-attributes of (1)

market uncertainty, (2) technical uncertainty, (3) project duration, and (4) dependencies
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and scope flexibility. Charts showing the varying degrees of these complexity and
uncertainty attributes are attached in the Appendix. The company calls these 'project
drivers' and identifies these at the outset to guide the teams so they can use the most

appropriate process. The 4-quadrant Houston Matrix is shown in Figure 6 below.

Figure 6: Houston Matrix for determining applicable software practices

4 Need defined interfa Cows
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Source: Little (2005)

This kind of practice in which the developers are able to easily change from one set of
development practices to another is indicative of a high degree of adaptability wherein the
decision as to which method to adopt is contextual. Some of the factors identified by
Boehm & Turner (2003) are combined along with others to measure the degree of
'complexity’ so they are not treated separately. This scheme bears some resemblance to the
Boston Matrix, which is a tool used in product portfolio management (McDonald &
Wilson, 2011: 172). Notably, despite adding to the five attributes of Boehm & Turner,
organisational culture is not included. This is presumably because their software
development processes have never needed to be adjusted to handle different cultures. An
attribute of 'team location' is included but it takes into account the degree of dispersion, not

cultural differences.

For a more universal scheme, it would therefore be necessary to include the fifth attribute
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of Bohem & Turner, i.e. of organisational culture, and perhaps also the wider national
culture. This suggests that not only is it necessary to recognise the characteristics of the
project but that it is also necessary to consider the people involved, both with respect to the

development of the project and its end users, and the wider environmental factors as well.

2.8.1 Consideration of project, people and pressures

In preparing a suitable software development methodology, the context-adaptive UgCD
recognises the importance of not only the technical parameters of the project but also the
social aspects relating to the people involved and other environmental or external aspects.
This equal importance was also recognised in a survey in Malaysia, i.e. that both technical
and social aspects must be considered for ensuring benefits from agile methods (Asnawi et
al., 2010). These components for consideration have been termed as Project, People and
Pressures respectively and they are referred to collectively as the '3Ps'. That is, the form of
UgCD to be applied will be shaped by the project characteristics descriptive of the project
itself; by the people involved in terms of their degree of empowerment, communicative
ability, experience, user needs, entrepreneurial skill, and so on, as well as by the pressures
of cost and time constraints, organisational culture, legal restrictions, political issues, etc.
Together, all these considerations should be able to account for all the important attributes
that impinge on the decision as to which development method and processes to use or

devise for a particular software development project.
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Chapter Three

Usage-Centred Software Design and Development
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Chapter 3: Usage-centred software design and development

3.1 Introduction to Usage-centred Design

The concept of 'Usage-Centred Design' was coined by Constantine & Lockwood. It has
similarities with Activity-Centred Design (ACD) and Joint Application Design (JAD). The
issue is that people are concentrating more on integrating agile methods with user-centred
design nowadays but not so much on ensuring the software satisfies its primary purpose. In
the case of e-learning software for example, this primary focus would be on meeting the
actual learning needs of the users (i.e. teachers and students) over other concerns relating
to user preferences. Usage-centred design thus focuses on the tasks to be accomplished
(which in the aforementioned case mainly relate to learning) instead of on the users per se.

User interface issues are also given consideration because they facilitate usage tasks.

Usage-centred designs arise from the need to deal with pragmatic concerns effectively and
efficiently. They involve a systematic process geared to completely and directly supporting
all the tasks that users are required to accomplish. The objective of the usage-centred
approach is to attempt to simultaneously facilitate efficiency, reproducibility and creativity
from the process of design (Constantine, 2003). Three types of (interrelated) models are
developed during this approach, to identify the roles, tasks and content, as follows

(Constantine & Lockwood, 2001):

* Roles — to capture the characteristics of the roles of users in the system
» Tasks — to represent the work structure that users would need to accomplish

» Content — to represent the interface contents and organisation for supporting the

tasks

Constantine (2003) thus describes it as a 'model-driven approach' because the design
derives from a set of core models directly and systematically. Although models also exist
in more traditional methodologies, these models are designed “to provide the most
conceptual and creative leverage for the least amount of effort on the part of analysts and
designers”. Unlike in the Rational Unified Process, they are designed to express tasks in
the simplest ways possible. As such, the emphasis on modelling differentiates the usage-
centred approach from pure agile methods although Constantine himself describes it as an

adjunct to agile processes as it helps develop highly usable user interfaces. After all, it also
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relies heavily on communication and close collaboration with the end users except that it is

ensures the users are genuine and the experts are true experts in their domain.

The idea behind UgCD is that instead of building software around users, the software
should be built around uses so that it can better target what users are trying to achieve.
According to Norman (2005), who incidentally coined the phrase 'user-centred design’, in
order to create software that is highly usable, “the most important issue is neither the user
nor the user interface, but usage”. As such, usage-centred design often leads to innovative
solutions due to the attention given to improving usability. Examples of some techniques
that can be used to make interaction with the interface more instructional (for improving its

usability) are shown in Appendix A.

3.1.1 Examples of the application of usage-centred designs

Usage-centred designs have been applied in the design of several projects. For example, it
has been used in the development of a software for a PDA for gathering field data (Moe et
al., 2004). Constantine & Lockwood (2002b) mention a wide range of applications from
banking to industrial automation systems and in the development of a browser-based
classroom management system, which needed to be developed in a short time and in which

the project had to face further risk factors.

3.2 Problems with agile methods and user-centred design

Agile methods are averse to detailed requirements gathering, which is not the case with
UgCD. The limited requirements gathering in SCRUM for example, is based on an
incremental unfolding so the task is broken down into manageable portions. User stories
are used to gather the changing requirements. However, having an on-site customer could
be too much to expect from teachers/students. Besides, knowing how to handle
requirements in agile methods remains an issue (Kavitha & Thomas, 2011). For a learning
environment. Ovesen et al. (2011) identified the following problems with particular agile

methods:

* Scrum is not so informative on how to specifically perform a certain task
» XP is stronger on concrete guidance and procedures

* Feature-driven development provides no concrete methods for specific steps
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* Pragmatic programming provides advices and takes the guidance to “a more

principle level”

Although the findings were in relation to the development of a learning environment, they
could perhaps be a common experience during the development of software in general.
Another particular problem for all agile methods is that of non-scalability. That is, agile
methods are not easily scalable to larger projects, which is not a problem for UgCD. A
study by Schneider & Johnston (2005) for example, showed that XP is not suitable for
large-scale system development of academic software in tertiary education. Agile methods
are also not effective for GUI intensive applications with the exception to some extent of

DSDM and FDD (Constantine, 2002).

User-centred designs (UrCD) rely heavily on user studies and therefore tend to confuse and
focus unduly on what the users want or prefer rather than on what they actually need more
importantly. They also involve rapid iterative prototyping, which could perhaps be better
avoided by having a good design in the first place. In the same way, the need for extensive

usability testing can also be avoided.

Another fundamental problem with user or 'human-centred design' is that the developed
software tends to suit only certain people, particularly those involved in its development.
This makes it less likely to be suitable for users generally. Moreover, it detracts from
supporting the more important activities and can lead to “a lack of cohesion and added
complexity in the design” (Norman, 2005). This is especially evident in software that
involves numerous, often overlapping tasks, and sequences of operations. This does not
mean that users should be ignored but that for the sake of coherence and general
applicability, someone responsible in the design team should have the ultimate say and

make the final decision taking different views into account.

Such a design approach is followed, for example, by Apple Computer, which is epitomised
in the following words of the former CEO Steve Jobs and is reflected across all its
exemplary products: “It’s really hard to design products by focus groups. A lot of times,
people don’t know what they want until you show it to them.” (Steve Jobs). Although this
was said in reference to computer hardware, the concept could also be applicable to the

HCI and computer software generally.

39



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

3.3 Differences between user-centred and usage-centred design

In comparison with user-centred design, usage-centred design, as the name suggests, is
focused on usage rather than on users per se. Users are still recognised but their
involvement is selective and through exploratory modelling, model wvalidation and
structured whereas in user-centred design, it is more substantial and through user studies,
participatory design, user feedback and user testing. User-centred design also involves
descriptions of users and identifying user characteristics whereas usage-centred design

involves making models of user relationships with the system.

Being a model-driven approach, usage-centred design is also more systematic whereas the
processes in user-centred design are often unspecified, informal and varied. This makes
usage-centred design better grounded in software engineering, especially due to its object-
oriented approach and its reliance on extensions and refinements whereas user-centred

design is more firmly grounded in human-computer interaction and other human factors.

The method of design is also fundamentally different. User-centred design involves making
successive approximations following cycles of trial and error and extensive user testing. In
contrast, usage-centred design aims to produce the right design from the outset although it
may later be improved and refined. The above-mentioned differences are summarised in

the table below.
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Table 4: Key differences between user-centred and usage-centred design

User-centred (UrCD) Usage-centred (UgCD)
Focus Users (people) Usages (activities)
Objectives Improve user Improve tools to support task
experience/satisfaction accomplishment
Driven by User input Models
User involvement [Substantial Selective
Identification Of user descriptions and user [Of user relationships with the
characteristics system

Design models Realistic or representational |Abstract

Method of design |By iterative prototyping Through modelling

Processes Usually unspecified or Fully specified and
informal and varied systematic

Design Evolution by trial and error Derivation by engineering

progression

Coherence Tends to be lower Tends to be greater

Popularity Dominant Less popular

Sources: Constantine & Lockwood (2001), Constantine et al. (2003) & Norman (2005)

3.4 Human-centred designs

The existence of UrCD, also known as UCSD (User-Centred Systems Design), is
indicative of the trend of what can be termed as 'human-centred software engineering'.
UrCD promotes the view that users needs and capabilities are critical, and users are
regarded as being at the centre of the development process. This approach is particularly
suited for any software that involves HCI (Human-Computer Interaction). Initially, UrCD
emerged to promote the practice of merely studying, observing and measuring users for the
purpose of gathering requirements rather than involving them in the development process
(Bernhaupt, 2010: 47). By doing so, developers would then obtain sufficient feedback to

help them in developing the software according to user needs.

Under UgCD, the involvement of users is taken much further to the extent that they
actively collaborate in the development process. As such, UgCD bears greater similarity to
to a more radical Scandinavian variety of UrCD known as Participatory Design (PD). In
PD, users are treated as equal partners in the software development process. PD is also
referred to as Cooperative Design or Co-Design. PD invovles focusing on primary work

processes and identifying technologies to better support or enhance work activities.
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Although involving users during software design has become more widely accepted
nowadays, as Marti & Bannon (2009) pointed out, this practice can also present certain
problems. Their study showed difficulties especially in working with children and those
with differing mental abilities, but they acknowledged the importance of a UrCD approach
as long as it fits the context for which it is applied. The use of personas in UrCD tries to
overcome these limitations, but personas do not tend to be determined using real data
(Masanari, 2010), and they are by nature abstract and can be impersonal, misleading and
distracting (Mathews et al., 2012). UgCD overcomes these limitations by focusing not on
users per se, but rather on usage, i.e. the uses for which the users will be using the software
to accomplish certain tasks. As pointed out by Kelly (2014), user-centredness obscures the
concept of use in design, as tasks, duties and functions are more important to

understanding relationships that are of relevance to design.

Since software is created by humans for humans, a human-centric approach to software
design is essential as opposed to a purely artifact-centric one so that human intelligence is
amplified (Murphy, 2010). Furthermore, usability concerns especially, are best addressed
not by adding usability enhancing activites to and existing process, but to make it a natural
part of it (Goransson et al., 2003). UrCD does involve users (substantially) and is driven by
user input, but its objective is to improve the user experience or satisfaction rather than
supporting the accomplishment of essential tasks. Constantine described UrCD as a “loose
collection of human-factors techniques united under a philosophy of understanding users
and involving them in design... although helpful, none of these techniques can replace
good design. User studies can easily confuse what users want with what they truly need.”

(Constantine & Lockwood, 2001: 43).

While agreeing with Constantine's aforementioned critique of UrCD, Goransson et al.
(2003) regard UgCD as moving away from UrCD by reducing their involvement to that of
being informants instead of co-designers. However, it was established above that UgCD is
more in line with PD as it involves users in a more participatory or collaborative way than
is typical of traditional user-centred designs. Moreover, usability engineering is embedded
in UgCD rather than being an addition, which is what they advocated. Also, they rightly
pointed out that involving users can be complicated and time-consuming, but the time
factor may be a necessary compromise if usability is to be ensured, as involving users is
essential. The real question is how effectively users are involved. UgCD involves them

more selectively while focused on facilitating task completion through enhancing usability.
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3.5 Advantages of usage-centred design

Patton (2003) showed how adding the usage-centred design approach in an agile software
development environment can make the process run smoother. Figure 7 below shows an
XP based design with (bottom) and without (top) usage-centred design components. At
each of the marked points, usage-centred design can provide a potential solution to

potential difficulties.

In this model, incremental planning is done collaboratively involving both developers and
customers among other stakeholders. The plan itself includes mention of features that can
be reasonably expected during the increment and the process involves some requirements
gathering or a simple design to arrive at the features. In XP, user stories help to determine
these features, which are then labelled and prioritised. During the designing, it is common
for a customer to be on site with the development team, and there is an emphasis on quality

throughout.

The element of UgCD in this design and development process helps particularly when
difficult design decisions and trade-offs have to be made. In summary, UgCD principles

can be usefully applied in an overall agile framework in the following ways:

e To facilitate collaborative sessions so as to make the best use of the time of the

important people involved by using card based techniques.

* To aid in determining the priority of features based on user roles and tasks

* To ensure that all tasks are handled by important features by reconciling the roles,

tasks and goals

* To help in determining how each feature will look and behave in the software using

essential use cases

* To test the software by assuming user roles and writing test cases

Usage-centred design has been shown to be particularly effective for complex situations in

which user performance is critical (Constantine, 2003).
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Figure 7: XP based design with (top)/without UgCD components
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Chapter Four

Usability in Software Design
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Chapter 4: Usability in software design
4.1 Software quality

4.1.1 Indicators of software quality

The International Organization for Standardization and The International Electro-Technical
Commission (ISO/IEC 9126-1) identify the following six categories of software quality

attributes:

Functionality

* Reliability

* Usability

* Efficiency

* Maintainability
* Portability

These attributes are interrelated, so for example, reliability and efficiency also impinge
upon usability, as does learnability, which is not identified above. Also, some are greater
concerns for users, as is usability, whereas maintainability, for example, is a greater
concern for designers or administrators. According to this standard, usability is defined as
“the capability of the software product to be understood, learned, used and attractive to the
user, when used under specified conditions”. (UsabilityNet, 2006). In this definition,
learnability is implied though not explicitly identified on par with usability; rather it is one
of the sub-attributes, the others being understandability, operability and attractiveness. The
quality of understandability was examined, for example, in a study that evaluated a
government website (Zhou, 2009). It was noted that usability engineering and information
architecture should be given due attention when designing a website based on usage-

centred design.

4.1.2 Potential of UgCD in improving software quality

UgCD has been shown to be advantageous in terms of improving the quality of usability of

software. This is a quality that is typically deficient when implementing agile development
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methods, as recognised by Constantine among others, although this does not necessarily
need to be the case (Fuller, 2004). It is therefore often necessary to incorporate elements of
Usability Engineering (UE) and/or Interaction Design (IxD) into agile software
development methods (Barksdale & McCrickard, 2012: 53). The incorporation of usability
into an agile method is referred to as 'agile usability’. Constantine's UgCD approach does
this through card-based modelling and involving decision making whilst remaining a
lightweight, iterative and incremental process. Others have also approached this integration

challenge in different ways.

UgCD also has the potential to improve other qualities of the software being developed
besides usability. For example, it was mentioned earlier how incorporating the UgCD
approach in an agile software development environment can make the process run more
smoothly. In this study by Patton (2003), a comparison was made between an XP based
design with and without UgCD components. In the former, efficiency in developing
software was improved as the collaborative sessions that utilised card based techniques
enabled time to be used more efficiently, and the defining of user roles and tasks enabled
software features to be easily determined and prioritised. In short, based on an agile
framework, UgCD can provide 'a powerful punch' through its iterative process to deliver

software that is of high quality and which meets user expectations (Patton, 2002).

Another major advantage of a UgCD approach for software development is that of
scalability, as it is also for traditional plan-driven methods but not for agile methods
generally. In fact, UgCD was specially designed to be scalable, and the reasons for it being
capable of being so are several (Constantine & Windl, 2003). In short, there has been a
complete working out and refinement of both highly simplified forms in which roles and
tasks are merely identified, and highly structured models in which roles and task cases can
accommodate large and complex applications. This enables simple arrangements to be

easily adapted to become more detailed models as and when needed.

Another quality that is an inherent capability of UgCD is that of functionality, as it is
defined by use cases (Gulliksen & Boivie, 2001: 10). These use cases attempt to capture
what is needed to be known about the context of the software development project and
specifically user needs. As such, determining functionality is the starting point in UgCD.
Defining user roles is also a central feature of UgCD, as mentioned earlier. Identifying
these roles, as well as the relationships between them, helps to guide the decisions about

the functionality that will be incorporated into the design (Ferreira et al., 2005: 7).
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The table below lists the key studies that have either demonstrated empirical evidence of
improvement in a certain quality using UgCD, or provided an ample theoretical basis
linking the quality to UgCD. There is a need to clarify the distinction between satisfying
certain users and of fulfilling more generally applicable usage requirements, and in

emphasising the importance of the latter.

Table 5: Key studies on different quality aspects of UgCD

Software quality [ Previous empirical studies Previous theoretical research that
attribute that have showed how the has linked the quality with UgCD
quality is improved by UgCD

Functionality - Ferreira et al. (2005)

Reliability - -

Usability Dabbagh (2012) Constantine & Lockwood (2002b);
Constantine (2002);
Barksdale & McCrickard (2012)

Efficiency Patton (2003) -

Maintainability |- -

Portability - -

Scalability - Constantine & Windl (2003)

4.2 Introduction to usability

According to the IEEE Standard 1061 (1992), usability usually refers to how easy it is for a
user to learn to operate, to prepare inputs for and to interpret the outputs of a system. In
simple terms and in the context of software engineering, this means the ease in learning to
use, actually using and comprehending the use of a piece of software. It therefore involves
learnability, but it is also concerned with efficiency and effectiveness, i.e. of using the

software, and overall satisfaction or rather intuitiveness.

Usability thus comprises of the quality attributes of learnability, effectiveness, and
satisfaction. Bevan, N. & Azuma, M. (1997) identified the sub-attributes as performance,
satisfaction, and learnability instead, and pointed out that usability refers to such attributes,
i.e. either individually, or to all of them together. As such, there has been no consistent
understanding of what constitutes usability within the software development industry in
practice. These differences in perception are reflected in the two further different standards

below, which are in addition to the aforementioned one, and were highlighted by Seffah &
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Metzker (2004):

“The capability of the software product to be understood, learned, used, and [made]

attractive to the user, when used under specified conditions.” (ISO 9126)

“The extent to which a product can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a specified context of use.”

(ISO/DIS 9241-11)

The first definition emphasises learnability and satisfaction, but not effectiveness, and the
second emphasises effectiveness and satisfaction, but not learnability. In contrast, the
previous definition is focused on learnability aspects, implies the need for effectiveness,
but does not specify satisfaction. Newer definitions give greater emphasis to the
satisfaction aspect, which is in line with the concept of 'user satisfaction'. For example,
Rubin & Chisnell (2008: 4) describe usability as an invisible quality, whose absence would
be noticed and would cause dissatisfaction. In fact, they regard usability as a sub-attribute
of usefulness, which incorporates attributes of learnability, efficiency, and satisfaction

among others.

As far as this study is concerned, the researcher will consider usability to incorporate all
three sub-attributes of learnability, efficiency and satisfaction besides reliability and
rememberability. The key definitions and studies supporting each attribute in order to
justify its selection are given in Table 18 in section 6.8.1 Selected usability aspects
restated. This table covers all of the aforementioned attributes as found in several

supporting studies.

4.3 The importance of usability

Usability is a very important issue in HCI (Human Computer Interaction). As Larman
(2002) noted, usability is a very important feature for a software to be successful, yet often
it is not given sufficient rigorous attention. Usability is a very important consideration,
especially for e-learning software as it helps to develop better systems with improved
didactical and pedagogical approaches (Novak et al., 2010). It affects for example, the
quality of our experience in operating computers and other computer based devices
including smartphones, in using software and in browsing the Internet. Among these, there
is greater variety in web-interfaces which people interact with to browse websites.

Constantine (2011) observed that many websites especially, sacrifice usability for a quality
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of “visual razzle-dazzle”. This is not unexpected though given that websites are designed
by far more numerous organisations and individuals and whilst there are some common
layouts, formats and elements, there are always bound to be some websites that seek to
differentiate themselves. This is not necessarily a bad thing because the context, i.e.
content, purpose of site and type of visitors are also heterogenous and could have specific

needs.

By improving usability, software becomes more usable. For example, it could result in less
time spent in learning how to use the software, which improves learnability. For
businesses, improved usability could lead to reduced training and cost savings. Usability
could therefore lead to improvements in productivity, quality of work and greater user
satisfaction. In the case of websites, good usability is less likely to lead to the users
switching to other alternative websites. Furthermore, it is important to accommodate for
usability and detect potential usability issues as early as possible. This can prevent, for

example, costly late-cycle changes (Memmel et al., 2007).

4.4 Usability and other software quality characteristics in agile methods

Usability, or rather the lack of it, is an issue when pure agile methods are used for software
development because, despite their success otherwise, they lack the capability of ensuring
software usability (Kane, 2003). This lacking was also noted by Larry Constantine (2002),
who was more vociferous in stating that agile methodologies ignore usability for end-users,
and who popularised UgCD (Usage-Centred Design) instead. In fact, the agile manifesto,
which popularised agile methods, did not even incorporate usability engineering, so unless
additional design elements are included, software developed using agile methods alone are
not usually renowned for their usability. Consequently, various attempts have been made
more recently to integrate elements to ensure usability into agile methods, termed as UrCD

(User-Centred Design).

However, the same is the case for techniques that purport to be based on UrCD. The reason
for this is that these techniques were developed independently from the traditional
techniques already established in the software engineering community, which do
incorporate usability concerns more stringently (Seffah & Metzker, 2004). Nonetheless, if
agile methodologies are to remain in vogue, improved methods for this integration must be
sought with a focus on developing highly usable software, or else, as this study advocates,

a UgCD design approach would need to be implemented instead, under which usage
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concerns are paramount.

4.4.1 XP and Scrum

XP focuses on customer satisfaction through rapidly creating high-value software using
development techniques based on skill, sustainability, and the flexibility to adapt to change
(Larman, 2003: 139). XP is designed to improve software projects in five main respects:
communication, simplicity, feedback, respect and courage (Kavitha & Thomas, 2011).
Besides prioritising user satisfaction, the approach to gathering requirements and designing

software also attempts to satisfy functionality requirements.

Scrum is also guided by five values. Besides respect and courage as in XP, Scrum values
commitment, focus and openness. The Scrum approach involves managing feature
requests, and handling the features to be planned and included in the final software. It does
not appear that there are any attempts to specifically satisfy any of the identified software

qualities.

The inability of XP and Scrum to give greater attention to improving the quality of the
software such as usability probably has its roots in one of the four principles enshrined in
the Agile Manifesto, namely 'Individuals and interactions over processes and tools'. People
are considered more important than the software itself, or to put it another way, the user is
given precedence over usage. On the other hand, a survey by VersionOne (2008) on the
benefits of agile methodologies revealed more than two-thirds (68%) of respondents did
agree that agile practices actually lead to enhanced software quality. Another survey on
Agile Adoption Rate, found this proportion to be even higher at 77% when comparing with
traditional methods (Ambler, 2008). However, in the first survey, benefits such as
improved project visibility, team morale and productivity were perceived as having

improved more.

It is thus not uncommon for agile methods to be combined with UrCD for ensuring user
centricity and usability. This observation alone indicates that without the incorporation of
additional methodological elements, agile methods alone are inadequate for ensuring
usability of the software produced. This has been noted, for example, by Singh (2008) in
examining Scrum, and by Jokela & Abrahamsson (2004) in examining XP. From the
perspective of proponents of UrCD, agile methods do though have the potential to provide

a solid basis for a user-centric attitude due to their focus on customer collaboration,
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communication, customer needs, etc. (Blomkvist, 2005). This is despite there also being
some aspects that are not conducive to a user-centred attitude, such as short iterations, lack
of distinction between customers and users, an over focus on programming, and
unsatisfactory techniques for modelling tasks and users (Blomkvist, 2005). Also, if
progress in these integration efforts are to be sustained, then the approach to adopting agile
methods must remain wide such that a system development perspective is taken, and not
narrowed by seeing it merely as a programming methodology (Nodder & Nielsen, 2009:
7).

4.4.2 eXtreme Scenario-based Design

One attempt to modify an agile method to deal with usability concerns is called eXtreme
Scenario-based Design (XSBD) (Lee et al., 2011). This agile usability approach was
developed to facilitate enterprise level organisations working with distributed development
teams accustomed to agile methods but concerned about usability. The combined approach
integrated both agile and usability elements by streamlining usability and development
practices, and adopted clearly defined communication and information sharing practices.
XSBD makes use of a Central Design Record (CDR) for representing main user
experience, and involves usability testing to verify the production of a usable system
meeting high level design goals, identify any problems, and to uncover any new
requirements. Both development and usability tracks are treated separately but are
synchronised with the usability engineer being one step ahead of developers. The study
found that many challenges were experienced with communication, collaboration and
information sharing, and that XSBD is hampered by the distribution of the development
team. However, the CDR was found to be useful for focusing on the most critical areas to
ensure high level goals are met. The late uncovering of new requirements especially,
suggests the need for more initial planning and early gathering of requirements. This would
necessitate combining usability approaches not with an agile method but with an approach
more in harmony with usability goals; that values processes or the tasks to be performed

more highly than social concerns, as is possible with UgCD.

4.5 Usability in usage-centred design

A software is merely a tool to achieve something and usability is one of the important
qualities of the software. The tool can be described as 'usable’ if it makes the task for which

the tool has been prepared easy, simple, flexible, quick, etc. These aspects are not focused
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upon in user-centred design. However, in usage-centred design, it is considered important
while designing the software to take into account what the actual purpose of the software is

so as to ensure the software is highly usable first and foremost.

There is a dearth of literature available on usability studies grounded in a usage-design
context. However, one recent study was found that used a usage-centred design method for
developing an e-learning software focused on meeting user needs in which usability testing
was undertaken (Dabbagh, 2012). In this study, there were two rounds of testing and each
had two phases. The first round involved immersion and proxy participant feedback and
the second round involved end-user participant feedback. The latter involved nine
participants being given six task-based scenarios to accomplish and their thinking
processes were captured as they were made to think aloud. Improvements were then made
based on the comments received. The exercise helped to deal with design inconsistencies
and other usability issues that affected user performance and user satisfaction. The layout,

navigation and functionality elements of the software were praised.

4.6 Historical overview of user/usage-centred development practices

Focusing on uses and usability are not new concepts however, and they are best dealt with
at an early stage during requirements gathering. Early attempts to determine software
requirements based on the use of a software were made by the likes of Rebecca Wirfs-
Brock and Meilir Page-Jones in which scenarios and stories were used (Kulak & Guiney,
2012). Ivar Jacobson then introduced the concept of 'use cases' in 'Object-Oriented
Software Engineering' in his book by the same name, which later became part of the
Rational Unified Process (RUP). Provision for use cases through diagrams is now included
in the standard Unified Modeling Language (UML), which provides the nomenclature for
software specifications and diagrams. These use cases are “simplified and generalized
down to the essential core of usage” (Constantine, 2000: 5) and usage-centred design

makes use of essential use cases along with user roles.

Besides the focus on uses, another characteristic of usage-centred design is the use of some
modelling during the design phase. The modelling is not extensive as in traditional plan-
driven methods; rather it is applied to essential use cases only. This practice has its roots in
Steve McMenamin and John Palmer's concept of 'Essential Modelling'. In this, the focus is
on what the software is designed to do as an aid to conceptualising the processes (Brown,

2008). The purpose, as in usage-centred design, is to ensure high usability of the software.
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4.7 Software design for usability

In software design, usability can be considered either as an afterthought or during the
design phase. The latter would probably better ensure that the software quality
requirements are met. Unfortunately, usability along with ensuring user-friendliness is
often a neglected area, especially in e-learning software design and implementation (Kruse,
2002). Even if the quality of a software is otherwise high, it does necessarily mean that its
usability is also high so usability aspects need to be specifically considered and
incorporated. Applying usability techniques in software design can lead to enhanced user
efficiency and satisfaction, which in turn could lead to greater productivity (Ferre &

Juristo, 2001). In fact, usability is often critical for user system acceptance.

The classical attributes of usability are: (1) learnability, (2) efficiency of use, (3) reliability
in use, and (4) satisfaction. Such attributes are particularly suited to the context of user-
interface design. For software in general, many more attributes of usability can be added.
Juristo et al. (2003), for example, mention consistency, natural mapping, accessibility, error
management, etc. and Gonzalez et al (2010) include effectiveness and engaging, and to this
list can also be added operability, rememberability and motivating, which have been

mentioned by others. These various usability aspects are summarised in the table below.

In web based software, usability is probably an even greater issue because it is a more
competitive environment than for non-web based software, as users can easily switch to

alternative websites (Lilburne et al., 2004) and do so immediately.
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Table 6: Usability components

Established attributes

* Error management

Classical attributes Nielsen (1994) 1IS09241
* Learnability « Easyto learn Effectiveness
» Efficiency » Efficient to use Efficiency
* Reliability « Easy to remember Satisfaction
+ Satisfaction + Few errors
* Subjectively
pleasing
Additional attributes
Juristo et al. (2003) Gonzalez et al. (2010) Other
» Consistency + Effectiveness Operability
* Natural mapping * Engaging Rememberability
* Accessibility Motivating

The second column in the above table lists Nielsen's (1994) five dimensional breakdown of

usability that are illustrated in Figure 8 below. These are the expected software qualities,

whereas the actual dimensions related to each of them were specified as learnability,

efficiency, memorability, (few) errors, and satisfaction. Learnability refers to the capability

of the system to be easy to learn such that a user can get work done quickly by using it;

efficiency refers to enabling high productivity to be gained from using it efficiently, and

memorability refers to enabling the user to easily remember the system so that there is no

need to learn everything when using it again after a lapse of time. The other two

requirements require the system to have a low error rate and for it to be pleasant to use.
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Figure 8: Nielsen's five dimensional breakdown of usability

Social
acceptability

Utility

Usefulness
Easy to learn

Efficient to use

System acceptability

Easy to remember

Few errors

ol Subjectively
oulity pleasing

Source: Nielsen (1994: 25)

4.7.1 Usability aspects for e-learning software

For e-learning software, the learnability aspect is one of the most important measures of
usability (Kobbenes & Folkman, 2003), In addition, other important aspects of usability for
e-learning software are effectiveness, efficiency and satisfaction. For e-learning software
under UgCD, Constantine (2011) highlighted the following usability aspects for ensuring a
highly usable e-learning system: learnability, rememberability, efficiency in use, reliability
in use, and user satisfaction. Others have also emphasised the motivational aspect of
usability by incorporating elements of feedback, comprehensiveness, challenges, and
curiosity (Shilwant & Haggarty, 2005). Costabile et al. (2005) elaborated on these elements
to state that an effective e-learning system should provide feedback and be interactive,
have specific goals, be able to motivate users, provide suitable tools, help to avoid any
interruptions or distraction to learning, and be able to provide a continuous feeling of
challenge. As overall objectives, Venkatesh et al. (2003) mentioned that an e-learning
system is usable only if it is easy to use and is useful for learners in helping them to
accomplish their learning tasks. If students benefit through using an educational software

in terms of improvements in their learning, then the software can be described as having a
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high utility. As Nielsen (1994) pointed out though, utility is distinct from usability in that
utility concerns whether a system's functionality can do what is required whereas usability

is concerned with how well users can use the functionality (p. 25).

4.8 Usability testing and measurement

4.8.1 Usability testing practice

As pointed out by Constantine & Lockwood (2002), ultimately, the success of any design
is determined by its acceptance by the user, and a key factor that makes a software
acceptable is dependent upon its usability. According to usability researcher Jakob Nielsen,
85% of usability errors can be identified within the first five usability tests (Stanley &
Kurtz, 2011), hence the importance of at least five usability tests during software
development. In practice, ensuring usability is not straightforward due to difficulties in the

testing and measuring of usability.

A possible explanation for why usability issues still prevail to a large extent is that usability
testing is considered to be a tedious, least rewarding and more expensive of tests to
implement (Mueller, 2009). Ensuring usability however, requires special training and
skills, and close coordination between the designers and programmers. Evidence suggests
that although many software development organisations do engage in usability evaluation,
its resource demands and developer mindsets are two significant obstacles (Bak et al.,
2008). Moreover, usability is a quality factor that does not lend itself to easy testing as do
time and cost based factors, such as performance metrics. In fact, the various factors are
inter-related because performance, stability, productivity, etc. also determine a software's

usability. It is important therefore that a measure of usability is applied.

4.8.2 Usability testing methods and instruments

Simple methods for checking usability are Cognitive Walkthrough (CW) and 'expert
evaluation' while agile methods give importance to user involvement (Wurdel, 2011: 34).
Other widely used methods are Think Aloud (TA), which is usually lab-based, and
Heuristic Evaluation (HE), which is a cheap and simple method but one that is only
normally suitable for low-priority problems of usability (Hwang & Salvendy, 2010). In
comparison, CW is a theoretical method, which is designed to discover mismatches
between conceptualisations of a task between designers and users. However, it requires an

extensive knowledge of technical details and cognitive psychology to apply. One usability

57



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

assessment technique is known as SALUTA (Scenario-based Architecture level UsabiliTy
Assessment). It is used to assess whether a designed software architecture meets usability

requirements (Folmer et al., 2004).

Several questionnaire based instruments are also available for measuring usability.
Examples of these are the Computer Usability Satisfaction Questionnaire (CUSQ),
Questionnaire for User Interaction Satisfaction (QUIS), Software Usability Measurement
Inventory (SUMI), and the System Usability Scale (SUS). These are post-study
questionnaires as opposed to other questionnaires that are used, for instance, for assessing
perceived usability during use, such as the Website Analysis and Measurement Inventory

(WAMMI).

For measuring usability, it is not necessary to use complex or expensive procedures
though. Mueller (2009) for example, demonstrated that simple and traditional techniques
can also be applied using scenario based testing as a means to measure a user's productivity
and learnability. It is pertinent to note that tasks were first defined to produce test cases for
measuring productivity and learnability. Usage-centred design also sees the ability to carry

out tasks as an indicator of usability.

More advanced yet convenient tools for objectively measuring usability are also available.
Jain et al. (2012) suggest using fuzzy logic, which is a probabilistic reasoning system. It
involves representing facts with truth values that are not discrete (i.e. either 0 or 1) but with
values that can vary (i.e. between 0 and 1 inclusive). It could potentially represent complex
systems using simple rules. This would seem appropriate because not only is it a simple
technique but also it is more befitting because unlike cost and time, quality cannot be
determined precisely. Also, user requirements tend to change so the system of evaluation

must also be able to adapt.

4.8.3 Usability evaluation in e-learning

The evaluation of usability in the case of e-learning software is considered to be difficult
due to constraints of time, cost and know-how as a consequence of which there is a lack of
studies on e-learning software usability (Srivastava et al., 2009). As pointed out by
Feldstein (2002), there is no standard means to evaluate the usability of e-learning
software. In these circumstances, it is normal for only the level of user satisfaction to be

ascertained, so other important aspects of usability tend to be ignored, hence the need for
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better understanding of usability with respect to e-learning software.

4.9 The cost factor in usability

4.9.1 Cost of implementing agile and traditional methods

A notable trend in the software development industry with the aim of reducing costs is
offshoring, in which all or part of the software development process is given over to and
undertaken in another country at a lower cost. Offshore development can be based on
either traditional or agile approaches. The latter emphasise face-to-face communication and
physical proximity, which are challenged under this arrangement, but as shown by Fowler
(2003), it is still possible to apply agile techniques in offshore settings. He also compared
these with plan-driven methodologies. The main software house was located in Melbourne,
Australia and several projects over a period of two years for the comparison were
undertaken by teams in Bangalore, India. Integration was achieved using distributed
continuous integration methods and requirements were communicated using acceptance
tests, both practices adopted from XP, face-to-face communication was supported by
sending ambassadors from each site to the other, meetings were kept short but regular as
were iterations, and teams were separated by functionality rather than activity. The greatest
challenges were due to cultural differences so extra effort had to be put into dealing with
them. Another interesting modification to typical agile methods was recognition of the
importance of some documentation instead of downplaying this. Documentation was seen
as a valuable substitute for the reduced face-to-face communication despite the impact of

increased costs. In addition, collaborative tools such as wikis were also used.

As far as costs are concerned, rates are usually significantly lower for offshore
development, but the overall return on investment is more important. The experience of
Fowler (2003) highlighted the importance of considering productivity differences over
salary differences, the problem of certain costs actually increasing, and risks arising that
could offset the price differential. Traditional plan-driven methods cope well in offshore
settings, mainly due to the extent of documentation, but agile methods proved to be better
overall despite the difficulties with culture and communication. The lesson that can be
learned from this is that at least some limited planning and documentation, as in UgCD,
could be especially useful in such situations as offshore development. Secondly, the cost

factor may not always be as important as quality factors.
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4.9.2 The cost factor under UgCD

Bringing about improvements in the quality of software, and particularly making it highly
usable is desirable, but in practice there are time and cost constraints that have to be
considered. Theoretically at least, incorporating usability testing and elements to improve
usability would increase the costs of a software project because they constitute an
additional aspect of design. The extent of ensuring usability therefore needs to be weighed

against the likely costs that would be incurred.

One way of ensuring usability is to undertake eyetracking research, but the cost of doing so
remains very high (Nielsen & Pernice, 2010: 40), not to mention that it is also questionable
as to its usefulness. Of the more common usability evaluation methods, HE and CW are the
most cost-effective (Hwang & Salvendy, 2010), but each has its limitations as mentioned
above. Whichever method is used, an important consideration in calculating costs during
usability evaluation is the number of evaluators or users that will be tasked to evaluate the
software's usability. The sample size is usually determined by estimating the discovery rate
of the problem across participants. This rate is a quantitative measure that shows how

effective a certain usability evaluation method is.

No studies were found that have compared UrCD and UgCD in terms of cost. However, to
give an idea of how incorporating design elements to improve usability impacts on the
costs under UgCD, a software development projects is described which was reported in
Constantine & Lockwood (2002). The project was to develop a classroom information
management system for which an agile UgCD was adopted, and which involved
identifying essential use (or task) cases and user roles. The programming side of the
project, which was undertaken using an agile method, was done in parallel to the visual
and interaction design. Several ad-hoc accommodations had to be made during the process.
That is, several ambiguities, omissions and irregularities had to be overcome, and a major
design revision had to be made after an inspection was carried out for usability defects.
The goal of ensuring usability was important because the design was to be made
immediately usable by teachers with little or no prior training and with little time for lesson
planning. This required, for example, maximising screen real estate, minimising modal

behaviour, and allowing for simple and direct switching between different contexts.

One of the important lessons learned from this project was that improving usability is

costly as well as risky, even when using streamlined methods. In particular, increased costs
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becomes an issue with poor designs that lead to user errors being committed. Post-
development costs can also be very high for designs plagued by usability problems. At the
same time, this project also showed the usefulness of UgCD because neither traditional
heavy plan-driven methods nor lightweight agile methods would have been able to provide
for an upfront design of the visual, navigation and interaction schemes along with details
of the expected roles and tasks. An early understanding of this information was necessary

so that a quick to use, flexible and easy-to-learn system could be developed.

Agile methods in general are better suited for situations in which requirements can change
quickly, and where the cost factor is not as significant as speed factors. This is because
they tend to prioritise speed of development and responsiveness over both quality and cost
(Baskerville et al., 2003), but often, faster responses may be more important than merely
saving money. In fact, agile methods such as XP recognise documentation as a cost and
that incomplete documentation is usually more cost-effective (Cohen et al., N.d.: 34). This
attitude could explain the aversion to detailed planning by agile practitioners who attempt
to prevent a situation of 'analysis paralysis'. Also, in theory at least, it is thought that
bringing about continuous improvements in the design make subsequent iterations less
costly (Abrahamsson et al., 2003: 15). On this basis, some surveys suggest agile methods
are able to not only deliver quickly, but also improve quality as well as save money. For
projects in which the cost factor is significant though, a more Value Based Software
Engineering (VBSE) process may provide a better solution, such as described by Boehm
(2003). In this study, an 'Earned Value Management System' technique of VBSE was
shown to be most useful for controlling not only costs, but also the schedule and progress

of a large software project.
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Chapter Five

Requirements Analysis, Gathering and Capturing
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Chapter 5: Requirements analysis, gathering and capturing
5.1 Requirements, their importance, and requirements capture

5.1.1 Definition of requirements

A requirement is a statement of the expected characteristics of the system, i.e. of what it is
expected to do, or how it is to perform. Usually, the goal is to fulfil user needs. As such, it
is “a necessary attribute in a system, a statement that identifies a capability, characteristic,
or quality factor of a system in order for it to have value and utility to a customer or user”
(Young, 2003). The term 'requirement' is also defined by the IEEE standard 610.12-1990 as
'A condition or capability needed by a user to solve a problem or achieve an objective; that
must be met or possessed by a system or system component to satisfy a contract, standard,
specification, or other formally imposed documents'. This standard specifies the nature of a
requirement as a certain condition or capability, and as with Young's definition, includes

mention of the purpose of identifying and specifying a requirement.

5.1.2 Importance of gathering requirements

At least some allowance for determining requirements is important because it also helps to
better understand the software development project at hand, select an appropriate
developmental method, and to satisfy its requirements (Sommerville, 2007). In practice,
many software developers tend to allocate insufficient time and effort, if at all, on
requirements gathering, but it is important as it provides the basis for the development
work to follow (Young, 2003). This approach reflects the growing need for adaptable
software development methods in line with specific needs, as sustainable and successful
software projects require elements of both discipline and agility (Boehm & Turner, 2003:
23). The usefulness of requirements gathering is reflected in the one-third drop in failed
software projects between 1994 and 2006 reported in the Standish Group's Chaos Report of

2006 attributed to improved communication of requirements (Pohl & Rupp, 2011).

5.1.3 Requirements capture

This study specifically focuses on requirements capture, i.e. the ability to capture or
correctly identify or foresee the immediate and foreseeable requirements of the software

during its planning phase that are of concern to its usability. Notably, the aim of this study
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and the research questions use the term 'Requirements Capture' and not 'Requirements
Gathering', 'Requirements Analysis' or 'Requirements Elicitation', although these terms are
used loosely elsewhere in this paper to mean the same thing. This use of all the
aforementioned terms interchangeably is reflected in the literature in general. For example,
Sofia (2010) described 'Requirements Engineering' as a systematic requirements analysis
process and mentioned that terms such as 'Requirements Gathering', 'Requirements
Capture' and 'Requirements Specification' are used loosely in referring to requirements

engineering.

On the other hand, a few writers have attempted to define the terms differently. Brooks &
Jones (1996) for example, suggested 'Requirements Capture' denotes a passive role of
clients while 'Requirements Engineering' denotes a more mechanical process. However,
these two terms were not distinguished from other similar terms, such as 'Requirements
Gathering', and all were described as passive in an argument that was for a more
cooperative approach in requirements analysis whereas the degree of passivity or
cooperation with clients is determined by the actual methods used to gather requirements

and the overall approach.

As for distinguishing between the different phrases, this study takes the view that
Requirements Gathering is a more general term, Requirements Engineering implies a more
systematic process, and Requirements Elicitation focuses on the involvement of users in
the process. While these are used interchangeably with Requirements Capture, the term
Requirements Capture is used herein specifically to acknowledge that requirements pre-
exist but await being identified as such. This underlies the aim of this study which suggests
UgCD is better able to identify requirements that are important for software usability that
other methods may miss. That is, it implies UgCD is better able to target and capture
usability requirements. Moreover, a requirements capture situation reduces ambiguity
about particular requirements (Coughlan & Macredie, 2002: 12), which suggests the
requirements have not only been identified but identified correctly. Hence, the justification

for using the term Requirements Capture in specific contexts.

5.2 Types of requirements

5.2.1 Different types of requirements

The various types of software requirements can be divided into functional and non-
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functional requirements. From another perspective of usability, some requirements are
those that directly impact on the usability of a software, and are hence termed as usability
requirements, whereas others are not. Hence, a distinction can also be drawn between
usability requirements and non-usability requirements. This distinction is necessary to be
made because this research focuses on capturing usability requirements. Besides these
classifications, certain requirements can also be described as conceptual and
organisational. Conceptual requirements are of an abstract nature and relate to the kind of
services provided by the software, which may be subdivided into learnability and
practicability requirements (Manza, 2010). And, organisational requirements pertains to
any particular needs of the organisation in which the software is to be used. A distinction
can also be drawn between user requirements and system requirements (Sundar, 2010: 23).
The former category pertains to the services that the system provides together with its
operational constraints, whereas the latter details the system services. Other requirement
types mentioned in the literature include performance requirements, which concern how
well a system is expected to perform, and which may be measured in terms of quality,
quantity, timeliness, coverage or readiness, design requirements, which relate to the design
of the software, derived requirements that are either implied or transformed from higher
level requirements, and allocated requirements, which are established by dividing a high-

level requirement into several lower-level requirements (Sofia, 2010).

5.2.2 Functional requirements

Functional requirements define precisely what is to be built, so they are precise about the
expected behaviour though they may not precisely identify the possible implementation
choices (Franke, 2006). As such, they pertain to processes that the system is expected to
perform and the information it is expected to contain. Non-functional requirements on the
other hand, define precisely how the application is expected to perform. As such, they
typically pertain to operational, performance related, interface, and security aspects, as
well as other behavioural properties, such as cultural and political related. In specifying
either kind of requirements, the implementation or environmental details that restrict
design choices need to be taken into account. For example, the software could be required
to run on a particular system, database, use a particular type of code, and adhere to specific

standards.

The following are examples of functional requirements:
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* Requirements related to the processing that will be required to be carried out by the

system

* Details of the system inputs and outputs
* Descriptions of data that will need to be held in the system

» Statements of services the system should provide, how it should react and behave in

certain situations (Sundar, 2010)

System inputs my be obtained, for example, from interactions between people, paper-based
forms, documents, or from other systems, and system outputs may be obtained from

documents, reports, screen displays, or as transfers to other systems.
The following are examples of non-functional requirements:

* Performance criteria, such as acceptable response times while processing or

retrieving data

* Expected data volume
* Security related considerations

In short, functional requirements deal with such aspects as tasks, activities, screens, data
flow, inputs and outputs whereas technical requirements deal with such aspects as
availability, reliability, performance, backup, recovery, archive and security (Harschnitz,
2011).

5.2.3 Usability requirements

As this study is concerned with UgCD with its focus being on usability, another category
of 'usability requirements' needs to be described as well. Bennett (2004) describes them as
those requirements that ensure “a good match between the system that is developed and
both the users of that system and the tasks that they will undertake when using it” (p. 121).
These requirements are therefore those that enable the system to give users access to the
software and the system tasks. In contrast with other user requirements mentioned in 5.2,
they help to prioritise usability work and ensure usability goals are achieved, especially

concerning efficiency and satisfaction (Hammond et al., 2002: 141).

Findings from interviews reported in Hirose (2001) revealed that such requirements tend to
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be either not documented at all or get documented very late in the SDLC. Even awareness
of usability standards are almost non-existent, as found in research on usability awareness
in Malaysia (Ian et al.,, 2011). Given the importance of usability established earlier in
section 4.3, assuring that a software is highly usable would require systematically
identifying usability requirements from different views before the software is developed
because usability requirements encapsulate usability goals (Manza, 2010). Moreover,
analysing usability requirements at the beginning increases the likelihood of the software
project being successful in terms of simultaneously satisfying user goals and objectives. As
for requirements in general under RE, the usability engineering process necessarily
involves a usability assessment. This helps to ensure the existence of usability in the
developed system, and is achieved through measuring user performance and user
satisfaction. Again, as stressed by Hussey et al. (2001) a usability assessment must begin at

the conception stage of the SDLC in order to assure usability.

Usability requirements can be either functional, non-functional, conceptual, or
organisational. The only criteria, as mentioned above, is whether they prioritise usability
and ensure usability goals are met. Manza (2010) made an interesting multi-layered
classification of usability requirements, in which the four main divisions are of conceptual
requirements, functional requirements, non-functional requirements, and business
requirements. These and their further subdivisions are illustrated in Figure 9 below. For

clarity, the first two layers of divisions are listed in the table further below.
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Figure 9: Classification of usability requirements

Usability Requirements

Conceptual Functional Non-Functional Business
Requirements Requirements Requirements Requirements
Operability Efficiency | Unambiguous | Access Control Helpfulness Validity Resilience Testability
Requirements | Reguirements | Requirements | Requirements Requirements | Requirements | Requirements | Requirements
Functionality Utility Consistency Security Portability Accuracy | Manageability | Adaptability
Requirements | Reguirements | Requirements | Requirements Requirements | Requirements | Requirements | Requirements

interoperability |Response time Clarity Integrity Supportability | Correctness |Maintainability
Requirements | Regquirements | Requirements | Requirements Requirements | Requirements | Requirements
Fault tolerance | Behaviour Availability Availability Flexibility
Requirements | Requirements Requirements | Requirements | Requirements
Simplicity Sensibility
Requirements | Reguirements
Stability
Requirements
Practicability | Learnability Customisability Affect
Requirements | Requirements Requirements | Requirements
Accessibility Mnderstandability] [Cost & Schedule| Reusability
Requirements | Requirements Requirements | Requirements
Calibrability |Completeness Marketability | Extensibility
Requirements | Requirements Requirements | Requirements
Scalability Organisational
Requirements Requirements
Economy
Requirements

Source: Manza, 2010, p.581 (adapted)
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Table 7: Main classifications of usability requirements

(2010)

Usability requirement classifications of the top two tiers listed in Manza

Conceptual
requirements

Functional
requirements

Non-functional
requirements

Business
requirements

Learnability
Practicability

Operability
Efficiency
Access Control
Unambiguous

Helpfulness
Validity
Resilience
Testability

Customisability
Affect[ive]

5.3 Requirements engineering, lifecycle and analysis

5.3.1 Requirements engineering

There is a growing interest in Requirements Engineering (RE) in general along with a
recognition of the importance of eliciting appropriate software requirements during the
early software development phase in recent years (Zhang, 2010). As such, the impact of
RE, especially on the development of customer-oriented systems, cannot be ignored any

longer (Pohl & Rupp, 2011).

RE refers to “a systematic and disciplined approach to the specification and management
of requirements” with specific goals in mind (Pohl & Rupp, 2011). This would contrast
with an ad-hoc approach that is uncharacteristic of RE. The goals concern knowing the
relevant requirements and documenting them appropriately. Zave (1997) termed these as
real-world goals' in a more elaborate definition of RE, which also highlights their

relationship with 'precise specifications' and their 'evolution’ as well:

“Requirements engineering is the branch of software engineering concerned with
the real-world goals for, functions of, and constraints on software systems. It is also
concerned with the relationship of these factors to precise specifications of

software behavior, and to their evolution over time and across software families.”

According to Pohl (2010), the process of RE involves three core activities: elicitation,
documentation, and negotiation; it involves distinguishing three essential types of artefacts:
goals, scenarios, and solution-oriented requirements; is structured by the contexts of

subject, usage, IT system and development facet, and is guided by two cross-sectional
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activities: validation and management support. These four aspects of the RE framework are

illustrated in Figure 10 below.

Figure 10: The requirements engineering framework
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Source: Pohl (2010)

The field of RE makes use of the concept of a stakeholder, which refers to people or
organisations that in some way or other impact on the software requirements. This is due to
them being a major source for ascertaining requirements (Pohl & Rupp, 2011), and also
given that requirements tend to be incomplete or 'fragmentally elicited' if they are not
consulted (Macaulay, 1993). The latter justification was made under the view of software
development as a complex social process rather than a mere mathematical or technological
one. Stakeholders include not only the expected users of the software to be developed, but

also others who are likely to interact with it or have an interest in it, as well as other
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influential parties such as legal institutions. The social process view suggests that the
process of 'requirements capture' and the whole construct of 'requirements engineering' are
better seen as cooperative and dynamic rather than as passive approaches in software

engineering.

5.3.2 Requirements lifecycle

A typical SDLC (Software Development Life Cycle) process is shown in Figure 11 below.
It usually beings with preliminary feasibility and system analysis phases in which the
system to be constructed is analysed. This information is then used to design the software,
after which the coding takes place. Usually, this is followed by testing of the software
before finally implementing the solution by installing the software. Whilst all software
development methodologies generally follow this typical pattern, they differ in the extent

to which each phase is emphasised and the way in which each is carried out.

Figure 11: Typical software development life cycle

1 2 3 4 5 6
Feasibility [ System — | Software [ | Programming [ | Software [~ ] Installation
Analysis Analysis Design Testing /Implementation

Another typical (linear sequential) Software Development Life Cycle (SDLC) is shown in
Figure 12 below in which the first phase is specified clearly as Requirements Analysis. A
SDLC specifies the order or sequence in which software development activities are carried
out. However, agile methods attempt to gather requirements later in the cycle even after
programming has commenced, as some requirements tend to change over time as the
project develops during its life cycle from analysis through to design, programming and

implementation. This distinction was pointed out in section 2.3.
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Figure 12: Phases of a typical software development lifecycle

Requirements Analysis

System Design

Program Implementation

I
System Testing

]
Installation & Maintenance

Source: Sabharwal (2008)

5.3.3 Requirements analysis phase

It can be seen from the above diagrams that requirements are usually ascertained prior to
the design in traditional software engineering methods. Gathering or capturing
requirements during this stage of software development is important because this is the
earliest point in time that potential performance issues can be addressed while the

architecture is still being formulated (Petriu, 2002).

This study focuses on the pre-programming stages of systems analysis and software
design, specifically on the way in which requirements are captured, i.e. identified and
refined. Requirements capture is part of the system analysis stage whereas any later
refinements take place during the design stage. Two key processes in connection with
requirements are elicitation and documentation. Elicitation involves using different
techniques to obtain and refine software requirements (Pohl & Rupp, 2011), and
documentation involves adequately describing the elicited requirements using either
conceptual models or natural language (see section 5.3). Following elicitation and prior to
documentation, the requirements gathered are usually also checked, for example, to ensure
whether they are correct, complete, non-ambiguous, non-contradictory, etc. (Sofia, 2010).
In summary, the three types of activities undertaken during a typical requirements analysis

are as follows:
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1. Requirements elicitation/gathering: involves communicating with users to

determine their requirements
2. Requirements testing: determining whether the requirements satisfy certain criteria
3. Requirements documentation: recording of requirements in a certain form

Some methods however, including agile methods with UgCD included, continue the
process of requirements analysis after documentation to evolve or refine them further
during the design and programming stages of SDLC. Nuseibeh & Easterbrook (2000)
describe the ordering as (1) elicitation, (2) modelling/analysing, (3) communicating, (4)
agreeing, and (5) evolving, but using the terms 'testing', 'documenting' and 'refining'
instead, as adopted in this study, the typical sub-phases of the requirements analysis phase

can be illustrated as shown in Figure 13 below.

Figure 13: Sub-phases of the requirements analysis phase

1. Gathering
I
2. Testing
I
Requirements —
Analysis 3. Communicating
l

4. Documenting
|
5. Refining

5.4 Requirements gathering and analysis frameworks

5.4.1 Gathering requirements

Along with making models, gathering user requirements is a key feature of UgCD during
both the pre-programming and programming phases. Task modelling is used to aid
gathering requirements during the design stage, and further refinements are made

afterwards as is typical of agile methods. The procedure is described further below in
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section 5.6. As for the pre-programming stage, this is typical of traditional methods in
which considerable time is allocated for determining requirements before designing and
programming the software (Parsons & Lal, 2006). In contrast, pure agile methods are
generally considered to be inadequate at handling requirements (Kavitha & Thomas, 2011),
although SCRUM for example, does make some allowances for ascertaining user
requirements by having an on-site customer, and user stories are used to gather changing
requirements. Rather than handle requirements during the initial planning or pre-
programming phase, agile methods are better able to handle changing requirements due to
their incremental development approach. The neglect in gathering initial requirements
under agile methods is due to the priority given to speedier and responsive software

development (Baskerville et al., 2003).

The actual methods used to gather or elicit requirements depend on the guiding
methodology (see 5.4.5). Common methods include one-to-meetings, group interview
meetings, facilitated sessions, questionnaires, observations, document analysis, and
prototyping. In addition, requirements may be sourced from such documents as recordings
of observations and interviews, descriptions of problems, minutes of meetings, etc., which
may not fit into a UML framework (Bennett, 2004). Nuseibeh & Easterbrook (2000)
presented a broad classification of the different requirements elicitation techniques, which
is shown in Table 8 below. In this scheme, UgCD makes use of the fourth type of method

initially followed by the second for later refinements, i.e. modelling and group elicitation.

Table 8: Classification of requirement elicitation techniques

Classification of |Description Examples
method/technique
Traditional A broad class of generic techniques | Questionnaires, interviews, analysis
of existing documentation
Group Aim to foster stakeholder agreement | Brainstorming, focus groups,
while exploiting team dynamics consensus-building workshops
Prototyping Used when there is great uncertainty | Mockups

about requirements or if early
feedback is needed

Model-driven Provide a specific model to drive the |Scenarios, rich pictures
elicitation process
Cognitive Originally developed for knowledge | Protocol analysis, laddering, car
based systems sorting, repertory grids
Contextual Emerged in the 1990s as an Ethnography
alternative to traditional/cognitive
techniques
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Source: Nuseibeh & Easterbrook (2000) (outlined and tabulated)

The next sub-section details the IEEE specifications for developing an SRS and discusses
requirements testing generally after they are elicited and before they are documented. The
next section then explores the various possible requirements gathering frameworks that

may be used to guide the overall process of gathering and documenting requirements.

5.4.2 Requirements gathering recommendations and issues

The IEEE makes several practice recommendations for developing a good SRS (Zelenty,
1998). The purpose of the recommendations are to ensure software users are able to
describe what they wish to obtain accurately, to aid developers to understand exactly what
users want, and so on. An SRS is considered to be good if it has the following identified

characteristics:
* Correct
* Unambiguous
* Complete
* Consistent
* Ranked for importance and/or stability
* Verifiable
* Modifiable
* Traceable

Correctness is achieved if all the stated requirements are met by the software, unambiguity
if each requirement has only one interpretation, completeness if all significant
requirements are included, consistency if it has internal consistency, importance/stability
ranking if each requirement includes an identifier indicating its importance/stability,
verifiability if each requirement is verifiable, modifiability if its style and structure permits

any modifications to be made easily, and traceability if its origin is clear.

This study is primarily concerned with the first and third criteria of correctness and

completeness where correctness is referred to herein as preciseness. Testing will be done to
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show that UgCD can provide a more complete and precise list of usability requirements.
The selection of these two criteria is reasonable given that there is an acknowledgement of
obstacles to realising a completed system, which are believed to be due to both technical
and social reasons (Coughlan & Macredie, 2002). Most studies suggest a key factor in
problems in system design is communication breakdowns. For example, Macaulay (1996)

showed the following to be leading causes:
1. Poor communication between people
2. Lack of appropriate knowledge/shared understanding
3. Inappropriate, incomplete or inaccurate documentation
4. Lack of a systematic process
5. Poor management of people/resources

Although the first cause is directly related to communication, the second and third are also
due to communication issues so communication is an important issue in the field of RE.
Other studies have also highlighted issues that concern communication, such as Beckworth
& Garner (1995), Al-Rawas & Easterbrook (1996), and Sutton (2000). In Al-Rawas &
Easterbrook's (1996) study, the communication difficulties were narrowed down to
restrictive notational languages, ineffective communication channels and social and
organisational factors. Notably, UgCD relies on a well-established notational system, as
used in Jacobson's use cases, and communication is strengthened through its use of JAD

sessions and JITR (see 5.5.2 and 5.5.4 respectively).

5.4.3 Documenting requirements

Requirements can be documented (or recorded) in a number of ways, but they would be
done either in a manual, or automated manner in digital form, or a combination of both.
That is, requirements can be either recorded on paper or entered into a computer. A
specially prepared Requirements Analysis Sheet (RAS) is usually used for stating the
captured requirements on paper, and model entities and requirements entities are usually
mapped to clarify relationships and facilitate traceability (Grady, 2010: 172). The output
document of the requirements analysis stage of the SDLC is also referred to as a
Requirements Specification Document (RSD) or Software Requirements Specification

(SRS). Complex software projects would require Computer Aided Software Engineering
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(CASE) tools to be used. They could also assist in checking whether the captured

requirements have been actually met afterwards.

Whichever approach is used, the requirements are usually recorded in the form of either
text, diagrammatically, or again a combination of both. Regardless, it is important that they
are recorded in a consistent manner, for which purpose the process should adhere to some
set of standards. UML provides one way of producing systematic and standardised visual

models through its specification of graphical notations, as described earlier in section 2.4.1.

5.4.4 Requirements gathering frameworks

Major requirements gathering frameworks include the Karl Wiegers methodology, User
Centred Design (UCD/UrCD), interaction design, and Object Oriented Analysis/Design
(OOA/OOD) (Franke, 2006).

According to Franke (2006), in UrCD, software features and functions are driven formally
based on use cases, scenarios or scripts although the relation to value is informal. The
reliance of UrCD methods on scenarios was also noted by Hudson (2001) but it was also
noted that use cases are actually associated with informal UML, not UrCD, to be precise.
Another method that is more focused specifically on scenarios is called Scenario Based
Design (SBD), which was described briefly in 2.7.2. It is thought that scenarios of Human-
Computer Interaction (HCI) can help to better prepare for certain technical challenges that

could arise (Carroll, 2000).

In interaction design, the primary users of the system are identified and solutions are then
specifically designed for them, and the framework involves the application of
psychological and human factors. The OOA framework uses the UML based technique for
presenting analysis findings. It is reliant on supporting documents, and involves the
construction of two object models, namely one that describes the system and one that
describes the solution. The Karl Wiegers methodology is a framework used to describe
requirements hierarchically. It therefore differs from UrCD in that the goals underlying the
use cases are articulated formally. These aforementioned key features are summarised in

the table below.
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Table 9: Key features of four requirements gathering frameworks

Karl Wiegers Methodology User Centred Design
* Requirements are described » Software functions/features are
hierarchically driven formally based on use cases,

scenarios or scripts;
* Informal relation to value

Interaction Design Object Oriented Analysis/Design
* Identification of primary users for e UML used to present analysis
whom specific solutions are findings;
designed; * Object models are built for the
» Application of psychological and system and solution

human factors

Source: Franke (2006) (adapted)

5.4.5 Specific requirements gathering frameworks and methods

Common methods used to gather requirements are numerous. These were mentioned in
5.4.1. The actual methods used however are determined by the guiding framework or
methodology that were introduced in the previous sub-section. This sub-section explores
specific requirements gathering frameworks and methods in more detail by describing

which methods are used by a select number of frameworks.

As regards guiding methodologies or techniques, popular ones include the Rational Unified
Process (RUP), Joint Requirements Planning (JRP) (Kulak & Guiney, 2012), Joint
Application Design (JAD), Use Case, and Unified Modelling Language (UML). A select
number of these along with some others are briefly described below, but JAD, ACD, JITR
and SBD are described further on in section 5.5 due to their similarities with UgCD. As for
tools and instruments used for gathering requirements, these include, for example,
templates, base documents, checklists, workshops, signoff, and change process

(Harschnitz, 2011). Diagrams are particularly common artifacts in OOA/OOD generally.

The LOTOS-based approach to capturing requirements for example, involves raising
questions to identify the system's users, its context and boundary, the kind of functions it
can rely on, the type of data inflows and outflows and their content and structure, the
functions that the system will be expected to perform, the relationship between inputs and
outputs, any system limitations, and so on (Habrias & Frappier, 2010: 235). These
concerns are distinguished between the environment, interfaces, functionality, limitations,

non-functional aspects and methodology. LOTOS is a formal algebraic based description
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technique for capturing requirements used for describing systems (Amyot et al., 1999).

JRP is similar to JAD in that sessions are held to conduct user interviews simultaneously,
but it differs in its focus on what the system will do whereas JAD focuses on how the
system will work (Kulak & Guiney, 2012). A JRP session typically begins with discussing
high level topics, such as critical success factors and strategic opportunities, and then
moves onto identifying, documenting and prioritising functional and non-functional
requirements. In the Abstract State Machine (ASM) method, the requirements capturing
process leads to the development of ground models that are concise but precise high-level

system blueprints.

The table below summarises the information on how requirements are actually gathered for
the above mentioned and other requirements gathering methods, methodologies or

frameworks for ease of comparison.
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Table 10: Overview of how different methods gather requirements

Method How requirements are gathered
IFramework

ACD methods |Activity modelling is used for systematic organisation and
contextual representation of tools; Focus is on user activities
and on tasks to be performed.

ASM Ground models are developed in the form of concise high-level
system blueprints.

HCD methods [Focus is on software users.

Interaction Specific solutions are designed for identified primary users

Design based on psychological and human factors.

JAD A joint structured meeting is held which focuses on how the
system will work. User involvement is elicited using dynamic
group techniques.

JRP A high level session is held to discuss critical success
factors and strategy before gathering requirements while
focusing on what the system will do.

Karl Wiegers |Goals underlying use cases are articulated formally and
requirements are described hierarchically.

LOTOS Questions are raised to identify system users, functions,
context, boundary, reliable functions, and type, content and
structure of data in/outflows, etc.

OOD Object models are built for system/solution and UML is used to
present findings.

Participatory Holding of structured, facilitated interactions between

Design .
designers and users.

SBD Uses scenarios of HCI specifically to overcome certain
technical challenges.

UML Use of use cases and represented using graphical notation.

UgCD Applies activity theory with a methodological scaffolding; Uses
task modelling, and JITR for further refinements; Focus is on
usability; Similarities with JAD/ACD.

UrCD methods |Generally rely on scenarios.

The above mentioned framework and techniques can yield numerous requirements, so

quality issues need to be considered in requirements gathering. According to Harschnitz
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(2011), requirements are deemed to be effective if they are complete, specific, measurable,
achievable, connected and signed off by clients. Furthermore, they should be prioritised by

distinguishing between essential and optional requirements.

5.5 Constructing models of requirements

The section provides a brief overview of methodologies, models and frameworks that are
either adopted or have been adapted for use by UgCD, namely use case models, task

modelling, JAD, ACD, JITR, and scenarios.

5.5.1 Use case models

Use case models make use of what are called use cases in software engineering. A use case
defines a procedure for the interactions between an actor or role and the system in order to
achieve a certain goal. The main components of a use case model are shown in Figure 14.
The role does not necessarily have to be carried out by a human, as it may also be an
external system. A typical process for defining a use case involves identifying the users of
the system, creating a user profile for each category of user, identifying significant goals
for each role, structuring the use cases, and validating the users. In identifying the
significant goals, the most significant role defines the system's 'value proposition'. The
purpose of a use case is “to capture 'what' the system is, and not 'how' the system will be

designed or built™ (Aggarwal & Singh, 2005: 51).

Figure 14: Components of a use case diagram

1 o -

Use case Relationship between
actors and use case andior
between the use cases

Source: Aggarwal & Singh (2005)

Traditionally, requirements have been identified using Jacobson's use case model for
capturing functional requirements, and an additional list is then prepared of any
supplementary requirements, i.e. those that are not identified through any use case

(Bennett, 2004). The model devised is referred to as the requirements model, in which the
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problem domain and user interface descriptions are also included. A use case specifies the
sequence of actions that are to be performed by a system so as to yield a value to a
particular actor that can be observed, and the purpose of the use case diagram is to show
the relationships between actors and use cases, not the possible scenarios (Haumer, 2004).
Notably, use cases are better suited for only documenting functional requirements, not
necessarily non-functional requirements since their focus is on the system's functionality
(Bennett, 2004: 133). Jacobson et al. (1999) themselves recommended the use case model
only for functional requirements. Although there are other requirements capturing
modelling approaches, use cases have the advantage of making it easy to view

implementation decisions in requirements (McBreen, 1998).

Jacobson's Use Case Driven approach identifies three important system aspects, namely (1)
actors, (2) use cases, and (3) system/sub-system boundary. Actors are the roles that users
will assume. Use cases describe how the system will function from the perspective of
users, or as stated by Rosenberg & Scott (1999), they describe units of system behaviour,
which are then used to devise requirements that are like rules that describe the expected
behaviour of the system. Use cases are therefore by nature behavioural specifications. A
diagramming technique to show this is provided by UML, which is typically supplemented
by more detailed descriptions of each use case. A simple illustration of the process is

shown below.

Figure 15: Activity diagram showing requirement capturing activities

Requirements
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Document IRCTEN Py I_Ell-::|t
.| requirements
Candidate }, ) —
Requirements | " |m EleC ) :
=a reguirements “I-..a| Requirements
: ’ List
| Develop
use cases 1 Use Case
. Model

Source: Bennett, 2004 (adapted)
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The textual descriptions mentioned above, i.e. case descriptions, describe in more detail
the expected interaction between the actors (i.e. system users), and the various system
functions considered to be of high level are detailed in the use cases. In other words, the
use case itself details the interaction a user (or other system) will have with the system
being designed for achieving a certain goal (McBreen, 1998). It is more formally defined
in terms of its purpose of delivering “a measurable result of value to a particular actor”

(McBreen, 1998: 4).

Use cases prove beneficial in that they highlight actor value, link with specific stakeholder
goals, and so on (Haumer, 2004). On the other hand, devising use cases requires an expert
systems analyst and care in avoiding pitfalls such as functional decomposition, over

analysis, insufficient analysis mechanisms to develop abstracts from design decisions, etc.

In agile development, there is a similar sounding concept of 'user stories', so it is worth
pointing out the differences. The two differ in terms of scope, completeness, longevity,
details, and purpose (Cohn, 2004: 137-140). For instance, a user story is deliberately kept
smaller in scope whereas a use case normally covers a much larger scope. Also, a user
story is usually devised for a particular iteration and is not kept as a permanent artifact, as
is done for use cases. A use case typically contains more details of the user interface, and is
written in a format that is appropriate for both developers and customers whereas a user

story is written for giving details of the release and iteration planning.

5.5.2 Task modelling

The idea behind modelling tasks is that people use mental models in performing tasks so
the task models explicitly detail those mental structures to describe the cognitive processes
(Bruning et al., 2007: 177). Although task diagrams are not part of UML, which offers
activity diagrams for describing behavioural aspects of design, activity diagrams can be
usefully applied for task modelling. Hollnagel (2003: 456) pointed out that the followng

four representations in particular are directly relevant for the purpose of task modelling:

* The activity diagram, which can be used to describe the task flow in terms of roles,

events and goals

* The collaboration diagram, which can help to show how different objects work

together, such as arrows for the roles communicated
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* The sequence diagram, which can be used to show the sequence of tasks as

performed between roles

* The use case diagram for describing scenarios

For working with UML however, some interpretations would have to be modified in order
for it to be used for task modelling. These modifications are to treat states in an activity
model as tasks, and objects as roles. Other notations have also been used for modelling
tasks, such as CTT (Concur Task Tree) (Winckler et al., 2012: 299), but the advantage of
using UML is the fact that it is an established standard and many tools exist for it, so it

would be convenient for developers to work with.

5.5.3 Joint Application Design

As UgCD bears similarities with JAD, this design methodology will be described in detail
as an example of how requirements can be gathered. As Carmel et al. (1992) described,
JAD is a practitioner derived methodology for systems development that involves holding
structured and facilitated meetings in which user involvement is elicited. The use of
dynamic group techniques help to refine ideas. In fact, JAD was developed by IBM in the
late 1970s specifically to arrange structure meetings to improve communications

(Coughlan & Macredie, 2002) out of which such ideas can emerge.

A typical JAD facility in which JAD sessions are held in shown in Figure 16 below. The
process involves defining the project and research with respect to various elicitation tasks,
preparation for the JAD session based on the information gathered, and the actual group
session itself (Coughlan & Macredie, 2002), which has become characteristic of JAD.
Other methodologies such as Participatory Design also involve holding structured,
facilitated interactions between designers and users, but JAD differs with respect to
structure, degree of facilitators' control, and the mode of user involvement. Furthermore,
JAD is focused on providing an accelerated design through obtaining high quality and
comprehensive data. It is claimed that JAD results in increased quality, and at the same

time a reduction in both costs and life cycle time.
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Figure 16: A typical JAD facility
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Source: Satzinger et al. (2008), p. 148

5.5.4 Activity Centred Design

Activity Centred Design (ACD) can be contrasted with User Centred Design (UCD or
UrCD), which is a Human Centred Design (HCD) as the focus is on software users.
Norman (2005) who himself coined the term UCD later suggested that too much attention
has been given to users, and that there is a need to focus instead on the activities in which
users engage, as well as on the tasks to be performed by those activities, in order for

designers to be able to design better tools.

ACD makes use of activity modelling for systematically organising and representing
contextual aspects of the tools used. This approach is based on activity theory for
developing a conceptual framework to clearly depict how people use tools. UgCD applies
activity theory by providing it with a methodological scaffolding, as described by
Constantine (2006).

5.5.5 Just-in-Time Requirements

Just-In-Time Requirements (JITR) is an agile technique for gathering requirements which
is undertaken during the actual development of the software. It is therefore best suited to

deal with changed needs, changed priorities, etc. (Westfall, 2008: 166). User stories are
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devised in order to capture high-level stakeholder requirements.

5.5.6 Scenario Based Design

Scenario Based Design (SBD) was described in section 2.7.2 as an example of another
combined plan-driven and agile method, as is UgCD. The process of requirements
development in SBD was described in a case study by Carroll et al. (1998) of a project that
involved the creation of a virtual physics laboratory by a group of teachers and system
developers. For this purpose, classroom scenarios were observed so as to assess needs and
opportunities, as well as to envision potential scenarios in order to specify and analyse
possible design moves. Design trade-offs implicit in the scenarios were evaluated using
claims analysis. The requirements development process progressed continuously through
stages from the initial high-level functional requirements of clients to a set of requirements

that incorporated more non-functional requirements.

5.6 Requirements gathering under UgCD

5.6.1 Outline of process

Under UgCD, an exploratory modelling process to identify roles and tasks is undertaken to
ascertain user requirements (Constantine & Lockwood, 2001). This is an adaptation of
Jacobson's Use Case driven approach mentioned earlier in section 4.6. Notably,
Constantine's method defines essential use cases and distinguishes these from real use
cases. Essential use cases are those that define the 'essence' of a use case whereas real use

cases provide the concrete details of the actual design for each use case.

An essential use case is expressed in terms of user intentions and system responsibilities.
The process involves raising questions and identifying potential areas for investigation
through constructing the provisional user role and task models based on background
information and knowledge available at the time. The focus is on prioritising usability
through modelling task cases rather than use cases, and this consideration of usability
increases the chances of ensuring usability of the final system (Juristo et al., 2003). Any
omission, irregularities or ambiguities about the requirements are then dealt with during
the frequent meetings and continuous consultations that are characteristic of the pattern
known as Just-In-Time Requirements (JITR). This could take the form of, for example,

sharply focused enquiries, investigations, surveys or observations.
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The modelling process in UgCD therefore undergoes three distinct phases, which are
illustrated in Figure 17 below. It begins with a construction of the model (task modelling)
after first defining users (or actors) and specific user roles, and this model is then shared
with users to get their feedback during the main meeting. These two phases are plan-driven
in nature because they take place prior to programming. In the subsequent agile phase, the
model is then refined while the programming is in progress during the several additional
meetings and consultations as considered necessary. Both feedback and refinement are
considered to be very important in UgCD. Clearly, UgCD is a methodology that is reliant

on models to guide the entire design process, which includes user role models and task

models.
Figure 17: Basic process of modelling in UgCD
Phase | Phase II-I Phase II-II
Construction of Model Sharing of Model Refinement of Model
Task modelling is done after | | Modelis shared withusers [ |  Model is refined during
defining users and roles To get their feedback programming

In summary, requirements gathering under UgCD has the following main characteristics:
* Task modelling adapted from Jacobson's Use Case driven approach
* A special meeting is held to conduct a requirements dialogue

» Approach has similarities with Joint Application Design (JAD) and Activity
Centred Design (ACD)

* Further refinements are made using JITR

* Focus is on usability throughout

5.6.2 Detailed description of process

The logical process followed by UgCD during analysis and design is shown in Figure 18

below. The UgCD process is now examined in more detail.

88




Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Figure 18: Logical process of UgCD
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UgCD involves an in-depth analysis and modelling during the system analysis stage, i.e.

prior to the design stage, of the following three elements:

(1) The actors or users, who in the case of e-learning software will be mainly

teachers, students and course administrators;
(2) User roles that define what each user will be able to do; and

(3) Use or task cases in which a list of tasks will be made and the requirements for

each will be identified.

The types of users and the roles of each user is ascertained first before identifying the use
or task cases pertaining to each user role, some of which may overlap. Each task case is
then examined in turn in order to identify what capabilities the software will be required to
be able to perform. The role and task models then help to develop abstract prototypes
which are then combined to make the design of the software prior to commencing with the

programming.

In UgCD, a user role is understood to be “an abstract collection of needs, interests,
expectations, behaviors, and responsibilities characterizing a relationship between a class

or kind of users and a system.” (Constantine, 2011, p. 79). This is substantially the same as
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the notion of an actor in object-oriented software engineering introduced by Jacobson et al.
(1992) except for one important difference: In UgCD, an actor does not include any
nonhuman systems. As for the role model, this is merely a list of the expected user roles
that are to be supported by the system, and each is described in terms of the
aforementioned collection of items, i.e. needs, interests, behaviours and responsibilities

that characterise and distinguish that particular role (Constantine, 2011, p. 80).

As mentioned earlier, the purpose of the task modelling, which is likely to be the most
detailed of the three elements, is to help capture the requirements necessary to ensure and
maximise software usability. In UgCD, the process of requirements gathering is seen as an
activity “that determines, at least initially, what the system to be designed and built must
do” (Constantine, 2011, p. 486). To aid in capturing the requirements for each identified
task case and for refining the requirements later, UgCD makes use of a number of
techniques, which include sharply focused enquiries, investigations, surveys and
observations. In practice, this activity of gathering and analysing requirements tends to be
subtle and sophisticated as it requires skills, good tools, and also sensitivity. It is neither
simply a process in which requirements are ascertained from users, nor a matter of telling
them; rather, it takes the form of a dialogue in which there is mutual exploration and

negotiation until a consensus is reached between the developers and users.

As such, it is apparent that the requirements gathering process in UgCD is highly
collaborative as there is significant user involvement. The illustration below shows this as
a 'Collaborative Requirements Dialog' component of the UgCD activity model. This
feature distinguishes UgCD from UrCD as UgCD is more user-involved rather than just
user-centred. In UgCD, the end-user community is drawn in to the development of their
software to engage in certain “tightly focused activities where and when their participation
is likely to yield the greatest payoff for the project and all its constituents” (Constantine,
2011, p. 485). In order to facilitate the collaboration, the meetings take place face-to-face,
the approach is conversational rather than inquisitive, and they are organised around

specific aspects or topics in a way that would be conducive for a cooperative atmosphere.
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Figure 19: UgCD activity model
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Moreover, UgCD takes an 'essential’ approach to gathering requirements in which intention
is emphasised over action, and the attention is on goals and objectives so as to focus on
actual needs and key requirements (Constantine, 2011, p. 487). This usually commences
with a discussion or brainstorming session focused on the actual purpose of the system. A
statement of essential purpose is then devised to describe the raisons d'etre of the system.
The dialogue is sparked by questions pertaining to the system's primary purpose, how it is
expected to be used, what is expected to be accomplished, and the reason for doing
particular tasks. This dialogue typically takes place in a setting in which both developers
and users face each other, in which a jointly prepared agenda has been distributed in
advance, and in which a neutral facilitator oversees the interaction to ensure everyone is

involved (Constantine, 2011, p. 491).

The purpose of the face-to-face meetings and discussions is to gather information, build the
model, negotiate, and to approve and validate the gathered requirements. It is also pertinent
to note that a distinction is drawn between needed functions on one hand and desired ones
on the other. Also, the participants that are chosen are sought carefully for their potential

knowledge, commitment and cooperation, and where possible the same people participate
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in each meeting. The agenda provides the context which is necessary for facilitating
collaboration. Four types of information are of concern during the requirements gathering

process (Constantine, 2011, p. 489):
1. Function — basic capability of system
2. Form — realisation and appearance of functions within the system
3. Ciriteria — desired system characteristics or attributes
4. Constraints on acceptable/possible solutions

As a simple example of a requirement, if one of the many tasks is for the software to
identify the user, then the main requirements will be to request and verify the identity of
the user, i.e. the software will have to be designed and programmed in such a way that it
will be capable of requesting and verifying the identity of the user. This is summarised in
Table 10 below. In practice, and particularly for e-learning software, there are likely to be
several user tasks for each of which the requirements will have to be identified, which
would result in a long list of software requirements. Notably, UgCD provides a very
systematic way of establishing requirements. This is seen as having many advantages, of
which the most important is the potential to prevent 'creep' and 'leakage' of requirements
(Constantine, 2011, p. 490). Requirements creep refers to expanding the system beyond
what was initially agreed upon, and requirements leakage refers to additional requirements
that arise and become part of the system despite having no benefits as per the established
procedures. By design, UgCD should ensure all those requirements are captured that help
to accomplish each possible task and thereby ensure high software usability. Notably also,
by task modelling, the focus is on the actual intended software usage and the software
under UgCD is designed by engineering it to make it especially support task
accomplishment, which is what should make the software highly usable. The method that
will be followed in this study for e-learning software is detailed in the methodology

chapter that follows.

Table 11: Simple example of user task and its system requirements

User task System requirements

Identify myself * Request identity of user
* Verify identity of user
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5.6.3 Contrast between requirements gathering under UgCD and UrCD

Section 3.4 pointed out many important differences between UgCD and UrCD that were

then summarised in Table 3. As far as requirements gathering is concerned, two key

differences are prominent:

1. UgCD involves uses (more heavily and selectively) whereas UrCD is merely

user-centred. The UgCD process is therefore much more collaborative.

2. UgCD takes an essential approach on which there is a focus on satisfying actual

needs and key requirements.

Moreover, as was highlighted in Table 3, UgCD is a fully specified and systematic process

(driven by models) whereas UrCD is typically unspecified and user input is informal or

varied. The table below summarises the key differences between UgCD and UrCD with

respect to requirements gathering.

Table 12: Contrast between requirements gathering under UgCD and UrCD

User-centred (UrCD)

Usage-centred (UgCD)

Focus & objective

Users in order to improve
user experience/satisfaction

Usages/Activities in order to
support task accomplishment

Nature and extent
of user involvement

User centric but
informal/varied involvement

Selective and collaborative in
a fully specified and
systematic way

Design procedure

Iterative prototyping by trial
and error

Abstract modelling and
refinement

Specification

User
descriptions/characteristics

User-system relationships
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Chapter Six

Research Methodology
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Chapter 6: Research methodology

6.1 Introduction

This chapter reiterates the aim of this research and the research questions framed to
achieve this aim from chapter 1. It then details the research design that will be employed to
carry out the research, and describes the e-learning software and Saudi higher education
institution contexts chosen to demonstrate the requirements recapturing process. More
precise details are then provided of the sampling methods that will be used to obtain the
participants and of the samples themselves, the measures that will be made, and of the
research instruments that will be used. Notes on the ethical considerations are also

provided. A draft of the research schedule is provided at the end.

The aim of this research is to show how UgCD can be used to improve the capture of
usability requirements and to then develop a framework to guide software developers to do
the same for the ultimate objective of improving the usability of the software. The main

research question framed to achieve this aim was as follows:

1. What framework can guide developers to better capture usability requirements?
In order to address this research question, the following sub-questions were framed:

2. How are usability requirements being captured at present?

3. How well are existing requirement capturing processes able to capture usability

requirements?
4. Does UgCD enable better capture of usability requirements?

The following sections of this chapter detail precisely how the research will be carried out

in order to answer these research questions.

6.2 Research design and methods

6.2.1 Research design

This research will employ a complex mixed methods research design that will involve
different qualitative and quantitative research methods and steps. This research design is
outlined in Figure 20 below and a simplified version is outlined in Figure 21 further below

showing only the first two phases with the latter split into two sub-phases. A mixed
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methods research design has been chosen because of the possibility of obtaining a better
understanding of the situation than would be possible using either one type of method on
its own (Creswell & Clark, 2007). Moreover, it was justified because of its powerful
potential for obtaining useful, high quality, exhaustive and balanced information (Johnson

et al., 2007).

The first phase of the research will involve gathering data pertaining to the present as-is
state of how requirements are captured, and on information and awareness concerning
usability aspects and knowledge of UgCD. Surveys and interviews will be used during this
phase. The second phase will involve recapturing requirements using UgCD and then
testing for improved capture afterwards to show how much the requirements are now more
complete and precise than before. The choice of the two qualities of completeness and
preciseness is based on the IEEE recommendations mentioned in 5.3.3 and Harschnitz

(2011)'s identified conditions for requirements to be deemed effective mentioned in 5.4.2.

Although the research will be considered as complete at this stage, developers will be
provided with sufficient recommendations in the form of a framework for implementing
UgCD for capturing requirements that they will be able to use to easily implement UgCD
and hopefully achieve improved usability. That is, participant developers may become
convinced of the possible superiority of the improved requirements capturing process and
desire to continue with the design and to implement it. But, any such implementation of
improved software designs to test for usability improvements are not likely to be done due

to time limitations, as this is not a longitudinal study.
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Figure 20: Model of research design

Start of research
(background reading and
literature review)

Phase | (2013)
Data gathering and analysis
of present state

Phase Il (2014)
Requirements recapturing
using UgCD

Framework of
Recommendations
for implementing UgCD

Phase lll (optional)
UgCD implementation
and usability testing

1. As-Is system analysis

2. Surveys/Interviews of users

3. Surveyl/Interviews of coders

4. Requirements recapturing

5. Testing for improved capture

6. Software re-design using UgCD

7. Usability testing

Figure 21: Simplified model of research design

Phase |
Analysis of
AS-IS System

(ascertaining state of existing
requirements captured)

Phase II-I

Requirements
Recapturing

(using UgCD;

focusing on usability)

Phase II-II

Demonstrating Improved
Requirements Capture

(more complete and precise
set of requirements)

The study will first ascertain how well existing software in use is able to capture the

software requirements for its users. After adjusting the software development phase using

UgCD instead, the same participants will be asked again if the new approach is better able

to capture their requirements in the second phase. The software in its present state may be
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unreliable, expensive to use, lacking in functionality, insecure, etc. so the specific aim is to
address the usability aspect to ultimately make it possible to adapt and improve the quality
of the software. It is anticipated that improvement will be seen in being able to better
capture software requirements for improved usability in terms of completeness and
preciseness. The change will be in the way UgCD through its focus on usage more so than
on the user, can improve the capturing of software requirements, specifically meeting
usage requirements. That is, the concern will be with satisfying the usage requirements for
which the software is designed in the first place. The strongest elements of both agile and
plan-driven approaches will be combined and the overall design will be usage centred. The

reason for this is so as to ensure better coverage of requirements.

6.2.2 Research methods

The decision to use a mixed methods design during the first (data gathering phase) of this
research is justified on the basis of it being able to provide a better understanding of the
current situation than would be the case if only one of the two (i.e. qualitative and
quantitative) approaches was used (Creswell & Clark, 2007). The methods that will be
adopted are surveys for the quantitative part and interviews for the qualitative part. Their
role and justification for use are described briefly below, and the content of the instruments

and how they will address the research questions are detailed in section 6.5.

The surveys will enable data to be obtained from a large sample of e-learning software
users (teachers and students) and software developers whereas the interviews will be
focused on a select number of individual developers for more in-depth insight into how
requirements are captured at present. The survey method is considered appropriate because
it allows large amounts of data to be gathered from a sizeable population in a highly
economical manner (Saunders et al., 2009: 110). The three survey questionnaires will be

made available at http://kwiksurveys.com for the convenience of all participants to

complete in their own time within a one-month period.

The interviews will be conducted in the meantime so the two parts of phase I will be
conducted concurrently rather than sequentially. The interview method is useful because it
allows information to be investigated more deeply than is possible using a quantitative
method (Saunders et al., 2009). Moreover, interviews allow for guided conversations to be
held (Yin, 2003), and the deeper insight could help to open up new dimensions into real

life experiences (Saunders et al., 2009). As far as this study is concerned, the insight will
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focus on how requirements are being captured at present as well as on knowledge and

awareness of usability and UgCD.

The second phase of this research will involve a practical demonstration in which UgCD
will be implemented for capturing usability requirements in order to show how such
requirements can be 'better captured'. The second sub-phase of phase II will then seek to
establish that UgCD has indeed captured usability requirements in a more complete and

precise manner.

6.3 Selected software for demonstrating improved requirements capture

The framework of recommendations for developers, which will detail how the UgCD
process can be used for capturing requirements, will be applicable to software in general.
However, e-learning software will be used merely for the purpose of demonstrating the
possibility of improved requirements capture using UgCD prior to devising the framework.
Specifically, e-learning software will be chosen that is in use at institutes of higher
education in Saudi Arabia, and whose main users are teachers and students. The e-learning
systems will have already been developed so the underlying aim will be to improve the
usability of these existing and already implemented systems. This contrasts with typical
studies which involve creating software from scratch. As such, the requirements analysis
technique that will be used will be geared to re-engineering, i.e. a new list of of software
requirements will be prepared that could then be used, at the discretion of the e-learning
software programmers, for an attempt at software re-engineering that could in turn lead to
an improvement in the usability of the software. The study will therefore focus exclusively
on the software design and development phase, and will not involve assessing the potential
benefits to teachers and students in terms of teaching and learning through using the
software. After checking for improved usability however, the institutions may decide to
implement the improved software and to then test for possible improvements in students'

academic performance.

The reason for selecting e-learning software is that they typically have a lot of users among
a fairly homogeneous group, i.e. students and teachers. This makes this context ideal for
administering a large-scale survey. Also, importantly, these users are readily accessible as
potential respondents because they work or study at the same institution. For other general
types of software, it may not have been possible to have access to users in a similar

convenient way, let alone gain access to a large number of potential respondents. In short,
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it is anticipated that the selection of e-learning software will help to address the research
questions quickly, conveniently, and with a sizeable sample, and thereby make a useful

contribution on requirements capture and usability.

Moreover, by selecting already created software, its existing usability can be checked
easily by asking its users who will already have been using the software for quite some
time and will be familiar with it. If software had to be created from scratch, it would take
time not only to develop it, but also for users to become familiar with it and be able to
comment on its usability. That is, it is easier for users to describe how usable an existing
software is, which they have been using, than it would be to ask them to try a new

software, and that too after developing it first. This should help to get results more quickly.

6.4 Sampling

The sample of coders and e-learning software users will be obtained from across 5
universities located in three cities in Saudi Arabia. Two of these will be from Jeddah, one
of which has been preselected to be King Abdulaziz University wherein the earlier research
on agile methods was conducted. A further two will be selected at random from Riyadh and
one from the city of Taif. This information is stated in Table 13 below. This research will
attempt to capture requirements for only two categories of users of e-learning software,
namely teachers and students. It will not therefore take into account the roles of course

administrators or other users.

Table 13: Universities at which the investigation will be conducted

City Number of universities that will be investigated
Jeddah 2 (including KAU)

Riyadh 2

Taif 1

After the five institutions have been selected, an estimate will be made of the total number
of students who use e-learning software across all of them. This figure will then be used to
derive an appropriate size for the student survey sample, either using Jabawi software, or
alternatively an online sample size calculator at http://www.raosoft.com/samplesize.html.

The same will be done for the other samples.
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Assuming the total student body exceeds 200,000, for a 95% level of confidence and 5%
margin of error, the minimum recommended sample size is 384, derived from the online
sample size calculator. It is anticipated that a sample size of the order of at least a few
hundred (about 400 to 500) will be obtained easily for the sample of students who use e-
learning software given that the number of students would number several tens of
thousands in each university. A target for the sample of teachers who use e-learning
software has been set at a minimum of 50, as an attempt will be made to obtain at least 10
teachers (or faculty members) from each university. The sample of software developers is
expected to be around 15-20 assuming at least 3-4 developers will accept the request for
participation in the survey from each institution. This latter survey sample of developers
will then be used from which to draw the sample of developers for interviews, which are
expected to be only a few in number given the time consuming nature of the interview
method. An attempt will be made to conduct one or two interviews at each of the five
institutions which would yield a total number of 5 to 10 interviews. It will be considered
sufficient to obtain findings from only a few persons directly responsible for requirements
gathering at each institution to avoid the task of making intra-institutional comparisons and

sorting duplicate data.

Table 14: Summary of sample parameters for phase | of the research

Sample Sample 1 Sample 2 Sample 3 Sample 4
Population . . Teachers or
University facult
students... y Software developers who
members... | develop e-learning software at
who use e-learning software at the five universities
the five universities
Method Survey Interviews
Expected Size 400-500 50 (min.) 15-20 510
(approx.)
Size per 80-100
institution (approx.) 10 (mn.) 34 1-2
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6.5 Research instruments

6.5.1 Overview

This research will involve the use of two types of research instruments for gathering data
on existing requirements capturing processes in terms of how well they provide for
software usability and how the improved processes will be able to achieve the same. These
two instruments are a set of interview questions that will be targeted at e-learning software
developers, and a set of survey questionnaires that will be targeted at each of the two main
types of users, namely teachers (or faculty members) and students, and the software

developers directly responsible for gathering software requirements.

The table below summarises the information about the research instruments, the types of
information they are designed to gather, and links them to the specific research questions
that they will target. The first two samples that will be surveyed, i.e. comprising of users of
e-learning software, will be asked about various aspects of usability based on their
experiences, and the aim will be to target RQ3 to find out how well the existing
requirements capturing processes are able to capture usability requirements. The last two
samples for which both (survey and interview) methods will be used, which will comprise
of e-learning software developers, will be asked a wider range of questions pertaining to
software usability, requirements capturing and UgCD as indicated in the table and detailed

in section 6.5.3.
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Table 15: Research instruments and targeted research questions

Samples Samples 1 and 2 Samples 3 and 4
Population USERS of e-learning software |DEVELOPERS of e-learning
at the five universities (students |software at the five universities
and teachers or faculty
members)
Research Survey questionnaires Survey guestionnaire and
instrument(s) interview questions
Type of » Software usability * Software usability
information to experience awareness
be obtained * Usability requirements
* Usability requirements
capturing
* How usability is ensured
* Usability testing
* Awareness of UgCD
Main targeted 3 2
research (How well existing requirement |(How usability requirements
question capturing processes are able to |are being captured at present)
capture usability requirements)

6.5.2 Surveys of software users

The survey questionnaires devised for the students and teachers are contained in Appendix

D and Appendix E respectively.

6.5.3 Survey and interviews of developers

The survey and interview questions devised for developers are contained in appendices F
and G respectively. This survey questionnaire consists of twelve questions of which the
first ten constitute a list of usability aspects for which a six-point Likert scale has been
devised. A Likert scale is useful because it is relatively easy and quick to construct, it is
reliable, each statement in the scale is given an empirical test for discriminating, and it can
be used in either respondent or stimulus-centred studies (Kothari, 2004: 86). The choice of
a six-point scale was made with a view to maximising the possible reliability of the scores
on one hand while avoiding too many response categories on the other that would make it
difficult for respondents to discriminate between them. The increased reliability of larger
point scales is well supported, for example by Preston & Colman (2000) although they

actually recommended 7 to 10 response categories for even greater reliability.
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The purpose of the questionnaire is to ascertain the extent to which the developers consider
the software to be capable of capturing requirements to ensure each of the usability
aspects. The aspects are worded indirectly and using simple language so as to make it easy
for respondents to complete the questionnaire. The key usability aspect to which each of
them pertains is listed in the table below. The other two questions ask the respondents to
identify the methods used to capture requirements and the methods used, if any, to check
for usability afterwards. The interview questions consist of 11 items, which are targeted at
various aspects related to capturing software usability requirements, understanding

usability, ensuring usability, testing for usability, and awareness of UgCD.

Table 16: Developer survey items matched with usability aspects

Number |Wording used Main usability
aspect

1 Minimal learning time to use the software Learnability

2 Ease of use of the software Learnability

3 Following of established standards in design Efficiency

4 Incorporation of metaphors from people's real Learnability
world experiences

5 Facilitation of users in successfully Efficiency
accomplishing intended tasks

6 Minimisation of possible errors Reliability

7 Consistently enabling quick completion of tasks |Efficiency

8 Reliability of the software to work as expected Reliability

9 Aesthetic appeal of the software Satisfaction

10 Ability to engage the user Engaging

6.5.4 Reliability and validity of the survey questionnaires

All three survey questionnaires are original instruments specially prepared for this research
so it will be necessary to establish their reliability and validity. Reliability is assured by
checking whether the results a questionnaire provides are consistent, accurate and
replicable. Validity is assured by checking whether the results actually measure what is
intended to be measured. Establishing both of these is important because they determine

the quality of the research instruments (Patton, 2002).
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The research instruments devised will be checked for their reliability and validity by
requesting the researcher's supervisor to check through the choice of questions and the
appropriateness of the way they have been framed. The use of peer assessment will also be
relied upon for this purpose, as recommended by Easterby-Smith (1991). In addition, a
small scale pilot research will be conducted at the researcher's own institution
(Southampton University) among a select number of students, teachers and software
developers. It is also pertinent to note that the real study will be conducted at five different
universities in Saudi Arabia, so this also will add to the validity of the research results and

findings.

6.6 Data analysis

Data gathered from the three survey samples of e-learning software users (faculty members
and students) and developers will be analysed by providing descriptive statistics of the
information relating to usability, requirements capturing and UgCD. Statistical analysis
software will be used to assist in the data analysis due to the sheer number of expected
respondents and responses. For this purpose, PSPP software will be used, which is an
open-source and easily available equivalent of SPSS, and NVivo may also be used if

appropriate.

As mentioned in section 6.5.1, the first two surveys targeted at users will gather data
pertaining to their usability experience and will help answer the third research question,
and the analysis of the data gathered from the third and fourth samples comprising of
software developers, will provide information to answer the second research question. The
qualitative information from the five interviews will be analysed by condensing,
comparing and coding. Key points will be gathered from the responses from each
institution so as to extract and condense the useful information, they will be compared with
each other in order to identify any useful parallels or differences, and finally, coding will

assist to categorise the information.

Although the third research phase identified may not be carried out, it will left at the
discretion of the software developers to implement the framework to be recommended to
help them redesign their e-learning software so that they could gain practical benefit from
the research. The ultimate aim is to enable software usability to be improved. Any benefit
from the research could then be ascertained by considering the following stages of

analysis:
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Stage 1: A working (functional/usable) software?
Stage 2: Positive outcome of using the software?
Stage 3: Are end users able to gain/learn from its use?
Stage 4: Evidence of any organisational changes?

If the institution does implement the changes recommended as the outcome of the research,
then these changes will be examined in order to compare them with the previous state for

evidence of improvement in usability.

6.7 Objective measurement

6.7.1 Quality measures

This study involves measuring the quality of a software, that is, measuring the functional
(external) quality of software as opposed to its structural (internal) quality. Specifically, it
is about how well the software produced using UgCD is able to capture requirements that
impinge upon usability of software used for e-learning. It is understood that measuring
quality is a subjective state that is not directly quantifiable and therefore the measurement
is not necessarily exact. However, measuring quality subjectively is important because this
factor is inherently subjective as quality can be perceived differently by different people.
But, the qualitative measures will be supplemented by some objective measures as well.
The table below gives examples of possible subjective and objective measures of quality

that could be measured.

Table 17: Examples of subjective and objective measures of software quality

Subjective measures of quality Objective measures of quality
* Visual appeal * Availability of features
» Satisfaction in using * Responsiveness/Speed
* Support for * Security
communication/interactivity * Information retrieval
* Ease of use * Reliability/Efficiency/Stability

* Number of errors

* Power consumption
* Network usage

* Space consumed
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6.7.2 Adopted measures

Two key measures will be used to determine whether UgCD does indeed enable better
capture of requirements during the second phase of the research. These measures will be of
completeness and preciseness, which will measure the extent of completion and precision
(or accuracy) in the new list of requirements. The literature supports the importance of
these two qualities, as mentioned in section 5.4.2. It is to be noted that being more
complete is the opposite of being incomplete and being more precise is the opposite of
being imprecise or vague. It is expected that the requirements of the as-is system are
incomplete and vague with respect to usability aspects, and it is anticipated that the UgCD
process for requirements gathering will enable us to obtain a more complete and precise
list of usability requirements. This will be achieved through task modelling with the aim of
improving the system's usability, and it will be tested using the measures of completeness

and preciseness as stated.

Use of these measures for 'better capture' is justified because it is not possible to say, for
example, that a software is 98% usable; rather, certain user profiles, set of tasks, context of
use, etc. can be specified and then a particular measure can be used, such as user
satisfaction, error rate, task 80 completion time, task completion rate, etc. Both of the
adopted measures will be made at two key stages. The first will be of the as-is system by
obtaining a list of the captured requirements from the developers, and the second will be

after the survey when the requirements will be recaptured in a way as suggested by UgCD.

Both lists of requirements will be subdivided into usability and non-usability requirements,
and the usability requirements will be further divided according to the five chosen usability
aspects, as illustrated below. These usability aspects were selected based on the literature
review, but the pertinent details related to their definition, suitability, and indications, are
given in the next subsection. This distinction between usability and non-usability
requirements will be made to ensure that the assessment of completeness and preciseness
will be done only on the usability requirements captured, and the division into the five
usability aspects will be made to find out if either of the two methods is better able to

capture specific types of usability requirements.
The two attributes for completeness and preciseness were defined as follows:

Completeness = How well the usability requirements are able to be captured
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Preciseness = How descriptive (or clearly expressed) the captured requirements are

of the actual user requirements

For assessing the first attribute of completeness, the total usability requirements captured
under both methods will be divided into the following three categories labelled as R1, R2
and R3:

* R1: Usability requirements captured under UgCD but not captured already
* R2: Usability requirements captured before but not under UgCD
* R3: Usability requirements captured by both methods

It is anticipated that UgCD will enable a considerable number and type of usability
requirements to be captured that have not been captured previously under the existing
method in use, so the R1 category should therefore comprise of a large number of
requirements. This will therefore be the key determining category because the larger the
requirements listed under R1, the greater will be the likelihood of UgCD enabling 'better'
capture of usability requirements with respect to completeness. Also, given the greater
focus of UgCD on usability, it is not expected for UgCD to miss the capture of any
usability requirements that have already been captured previously. If there are any though,
they will come under the R2 category. Many of the usability requirements captured under
UgCD however, should already have been captured. These requirements which have been

captured by both will come under the R3 category.

It is understood that some requirements can be broken down into smaller requirements, so
it is possible that under one method the 'whole' requirement is captured whereas the other
method captures the same requirement as segments, either fully or partially. This will be
kept in mind and noted where possible instead of making a quick quantitative comparison
in the form of a simple count of the number of captured requirements under each of the
three categories. After having accounted for this possibility, and identifying the different
areas or aspects of the software for which usability requirements will have been captured
and recaptured, it can then be said that the method yielding a more complete list of
usability requirements will be the one with the longer list in each of the five categories, and

also in the sum total of the usability requirements, obtained as follows:

Total number of usability requirements = Number of learnability requirements +

Number of rememberability requirements + Number of efficiency requirements +
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Number of reliability requirements + Number of user satisfaction requirements

The second attribute of preciseness will be assessed with assistance from a group of
experts who will be asked to review the wording used in both sets of captured requirements
closely and from a comparative perspective. They will be tasked to rate each set of
requirements pertaining to distinct areas or aspects of the software identified during the
assessment for completeness according to how clear or vague the description is on a four

point scale, as follows:
1. The description of the requirement is very explicit.
2. The description of the requirement is reasonably clear.
3. The description of the requirement is not so clear.
4. The description of the requirement is too vague.

The four point scale ranges from very explicit (1), the highest rating, to too vague (4), the
lowest rating. Requirements given a high rating (1 or 2) will be considered as being precise
statements whereas those given a low rating (3 or 4) will be considered as being imprecise
statements. The greater the number of high ratings in relation to the total number of

usability requirements for each method, the greater will be its assessment of preciseness.

Both measures will be made for the requirements already gathered for the as-is system and
for the requirements that will be recaptured using the procedure suggested in UgCD. If the
'values' for the already captured requirements under the present software development
method are specified as C1 and P1 for completeness and preciseness respectively, and the
corresponding values for UgCD as C2 and P2, then the implication of UgCD enabling
better capture of usability requirements will be made if the following conditions are

satisfied:

C2 > (C1, i.e. if a more complete or longer list of usability requirements are

captured under UgCD (pertaining to distinct areas or aspects of the software)

P2 <P1, i.e. if a larger proportion of the captured usability requirements are given

higher preciseness ratings under UgCD

It is anticipated that under UgCD, the values obtained for the variables C2 will be much
greater and for P2 will be much less than those obtained for C1 and P1 due to the greater

focus of UgCD on usability. It is to be noted that a higher value of C indicates a greater
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extent of completeness, and a lower value of P indicates a greater degree of preciseness,

the latter by being closer to the value of 1 (out of 4) specified for the most precise rating.

6.8 Justification for the selected usability aspects

6.8.1 Selected usability aspects restated

The selection of the five usability aspects are learnability, rememberability, efficiency,
reliability, and satisfaction (Figure 22). These are justified based on their suitability for the
context of e-learning, as identified by Constantine (2011) and pointed out in 4.7.1 Usability
aspects for e-learning software. Apart from rememberability, these usability aspects are
also recognised as classical attributes, which were examined in 4.7 Software design for
usability in comparison to other conceptualisations of usability. In particular, as pointed out
by Hammond et al., (2002), usability requirements are most closely associated with being
able to enhance a software's efficiency and satisfaction. All five of the selected usability
aspects are detailed in turn with respect to their definition, suitability and indications. The

relevant details have been extracted from the literature review.

Figure 22: Division of captured requirements

CAPTURED REQUIREMENTS

Ao A

Usability Non-Usability
Requirements Requirements
Learnability

Rememberability

Efficiency in Use Miscellaneous

Reliability in Use

User Satisfaction

For the purpose of detailing the definitions, suitability and indications of the five selected
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usability aspects, these are categorised as pertaining to either cognitive, technical (or
performance) or affective aspects of the user experience, as described therein. Also, besides
the identification of the selected five usability aspects by Constantine (2011), for their
indications, two additional supporting sources were found, namely Lausen & Younessi
(1988) and Bachman (2004). These serve to show the commonality of the selected
software quality aspects as pertaining to usability, which were then reiterated by
Constantine. Lauesen & Younessi identified four of the aspects (with the exception of
reliability) as usability factors in their study. The terms they used were 'ease of learning',
'task efficiency’, 'ease of remembering’, and 'subjective satisfaction' to which they added
'understandability’. Bachman defined all five aspects referring to them as learnability,
efficiency, error tolerance (for reliability), memorability (for rememberability), and

satisfaction (for user satisfaction).

Table 18 presents a summary of the aforementioned two sets of indications for the five
selected usability aspects, and the final column relates these to the items in the survey
questionnaire that were matched with these usability aspects earlier in Table 16. The first
column in the table lists key supporting definitions or studies from the literature review.
The three aforementioned studies support all five selected attributes (except one which
mentions only four): (1) Lausen & Younessi (1988), (2) Bachman (2004), and (3)
Constantine (2011). The other studies listed support one or more, but not all, of the selected

attributes.
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Table 18: Indications for the five selected usability aspects

Key supporting
definitions/studies

Question
presented by
Bachman
(2004)

Criteria specified
by Lauesen &
Younessi (1988)

Items in the survey
questionnaire devised

LEARNABILITY (co

gnitive attribute)

-IEEE Standard 1061 (1992)
-ISO 9126

-Lausen & Younessi (1988)
-Nielsen (1994)

-Bevan & Azuma (1997)
-Kobbenes & Folkman (2003)
-Venkatesh et al. (2003)
-Bachman (2004)

-Manzo (2010)

-Constantine (2011)

-Dubey et al. (2012)

“How quickly do
users come up
to speed on the
product?”

“The system must
be easy to learn
for both novices
and users with
experience from
similar systems.”

-Minimal learning time to
use the software

-Ease of use of the
software

-Incorporation of
metaphors from people's
real world experiences

REMEMBERABILITY (cognitive attribute)

-Lausen & Younessi (1988)
-Bachman (2004)
-Constantine (2011)
-Dubey et al. (2012)

“Do users
remember how
to use the
product
between uses?”

“The system must
be easy to
remember for the
casual user.”

(User survey)

RELIABILITY (technical attribute)

-Bachman (2004)
-Constantine (2011)

“Do users make
few errors? Are
[those] errors
recoverable?”

(Not specified)

-Minimisation of possible
errors

-Reliability of the software
to work as expected

m

FFICIENCY (technical attribute)

-ISO/DIS 9241-11

-Lausen & Younessi (1988)
-Hammond et al., (2002)
-Bachman (2004)
-Constantine (2011)

“How easy is
the product to
use and be
productive?”

“The system must
be efficient for the
frequent users.”

-Following of established
standards in design
-Facilitation of users in
successfully
accomplishing intended
tasks

-Consistently enabling
quick completion of tasks

SATISFACTION (affective attribute)

-ISO/DIS 9241-11

-Lausen & Younessi (1988)
-Bevan & Azuma (1997)
-Feldstein (2002)
-Hammond et al., (2002)
-Bachman (2004)

-Rubin & Chisnell (2008: 4)
-Constantine (2011)
-Dubey et al. (2012)

“Do users enjoy
using the
product?”

“The user must
feel satisfied with
the system.”

-Aesthetic appeal of the
software
-Ability to engage the user

6.8.2 Learnability and Rememberability

Learnability and rememberability are considered together, as they both pertain to cognitive

112




Framework for Improved Capture of Usability Requirements through Usage-Centred Design

aspects of the user experience. For e-learning software, the learnability aspect especially is
one of the most important measures of usability (Kobbenes & Folkman, 2003) because it
leads to supporting the extent of being able to learn the content. Learnability in general, for
any type of software, refers to the capability of the software itself to be easy to learn to use
that makes the user able to use it to get work done quickly. It is therefore determined by the
time spent in learning how to use the software (4.3 The importance of usability). Nielsen
(1994) referred to this aspect as ensuring the software is 'easy to learn' (Table 6 and Figure
8). Manzo (2010) described it together with 'practicability’ as relating to conceptual
requirements, as distinct from more organisational requirements, and also from efficiency
as a more functional requirement (Table 7). Dubey et al. (2012) defined both learnability
and rememberability together as a single 'comprehensibility' attribute, as ““The degree to
which the software has clarity, is easy to learn and remember and includes appropriate
help/documentation.” It should be noted that learnability and rememberability refer to
qualities of the software being developed, and not whether the material being taught is

learnable or rememberable.

Rememberability alone refers to enabling the user to easily remember the system so that it
can be used easily again after a lapse of time. It is therefore measured by asking users how
well they “remember how to use the product between uses” (Bachman, 2004). Specifically,
the question Bachman posed for learnability was “How quickly do users come up to speed
on the product?”, and for ease of remembering, “Do users remember how to use the
product between uses?” Lauesen & Younessi (1988) specified the criteria for ease of
learning as, “The system must be easy to learn for both novices and users with experience
from similar systems.”, and for ease of remembering as, “The system must be easy to
remember for the casual user.” In the survey instrument, learnability is indicated by
minimal learning time, ease of use, and incorporation of metaphors from people's real

world experiences, and rememberability by factors that may be carried over between uses.

6.8.3 Reliability and Efficiency

Reliability and efficiency can be said to relate to the technical performance of the software.
As such, these are often identified as distinct from usability as well as functionality, as in
the standard ISO/IEC 9126-1. Similarly, Harschnitz (2011) regarded this as a technical
requirement as opposed to a functional requirement (5.2.2 Functional requirements).

However, these two aspects also affect user perceptions of usability, hence their inclusion
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as usability aspects by Constantine (2011), and the way they are regarded in this study.
Dubey et al. (2012) defined an attribute of 'effectiveness', which can be related with
reliability and efficiency, as “The degree to which the software facilitates the user in
accomplishing the task for which it is intended with precision and completeness while

avoiding most errors in varying contexts of use.”

In the survey instrument, reliability was measured by the capability of the software to
facilitate users in accomplishing tasks and for the software to work as expected without
encountering any errors. Efficiency was indicated by the same, the following of established
standards, and being able to consistently complete tasks quickly. Efficiency therefore
enables a high degree of productivity to be gained from using the software efficiently. For
efficiency, Bachman (2004) posed the question, “How easy is the product to use and be
productive?”, and for error tolerance, “Do users make few errors? Are [those] errors
recoverable?” Lauesen & Younessi (1988) specified the criteria for efficiency as, “The

system must be efficient for the frequent users.”, and did not specify one for reliability.

6.8.4 User satisfaction

User satisfaction can be singled out from the other four selected usability aspects, as it
pertains to more affective aspects of the user experience. That is, it is more subjective in
nature, and is determined mainly by the aesthetic qualities of the software and other
qualities that make it appealing and attractive. User satisfaction is commonly associated
with usability, as pointed out by Feldstein (2002). For instance, it is specifically mentioned
as a usability aspect in ISO/DIS 9241-11, and as pointed out in 4.2 Introduction to
usability, it is such a quality that its absence in a software would be noticeable and would
cause dissatisfaction (Rubin & Chisnell, 2008). In Nielsen's (1994) model depicted in
Figure 8, it is a quality that makes a software 'subjectively pleasing', and this subjective

association is also highlighted in Table 17.

Dubey et al. (2012) defined satisfaction as ““The degree to which the software is likeable,
comfortable, attractive and trustworthy for the users.” In the survey instrument, evidence
for this satisfaction aspect was indicated by the aesthetic appeal of the software and its
ability to engage the user. Bachman (2004) specified the question, “Do users enjoy using
the product?”, as an indication of satisfaction, and Lauesen & Younessi (1988) specified
the criteria for 'subjective satisfaction' as, “The user must feel satisfied with the system.”

Satisfaction also derives from the support available to users in case of need, such as
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through the use of dialogs, and from its ability to engage or stimulate the user, for instance,
through interaction, its utility, etc. A questionnaire used in a study by Preece (2001) also
related satisfaction with the informational aspects of design, ability to navigate, and

responsiveness of the software.

6.9 Ethical considerations

Before administering the survey questionnaires to the three category of participants,
namely students, teachers and developers, and conducting the developer interviews, all
participants will given all the relevant information about this intention of this reasearch so
that they can choose whether or not to participate. Giving this information is necessary so
that participants are clearly aware of why the research is being carried out and to alleviate
any concerns they might be holding about its purpose (Cozby, 2003: 39). In addition, all
participants will be assured of their anonymity and will be told that the results will be

aggregated so no individual participant's responses will be identified.

Along with the survey questionnaires and interview questions, two more documents related
to the Data Protection Act and ethical issues had to be made available to the users. The first
document, called Best Practice (see Appendix F: Best Practice Document), is about the
Data Protection Act which relates to subject data that requires it to be “accurate, relevant,
not excessive, held securely, retained for only as long as necessary, used only for the
purposes of the study, and accessible to the participant”. The second document, called the
consent document (see Appendix G: Consent Information Document), contains information
to inform the participant of “the School Ethics Committee reference number (E/10/08/003),
(see Appendix H: Ethics Committee Application), inform the participant of their right to
unconditionally withdraw at any time and for any reason, and (if applicable) shall explain

their rights to retain any inducement following withdrawal”.

6.10 Research schedule

The original and later revised research schedules are illustrated in Gantt charts attached in

Appendix C: Research schedule.

6.11 Research output

Information will first be gathered about the current (as-is) state of the system in terms of

the already gathered or captured requirements as well as the experience of teachers and
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students in order to ascertain the extent of usability of the present system. Following this,
roles and tasks will be identified and modelled according to the UgCD approach in an
attempt to devise a more complete and precise list of usability requirements and show how
UgCD is better able to capture requirements. The output of the research will be an
improved list of e-learning software usability requirements — improved in the sense of
being more complete and precise for achieving greater usability. Assuming UgCD does
indeed provide better capture of usability requirements, recommendations will then be
made to guide future developers on how they could also implement UgCD to better capture
usability requirements. These will address the following stages of the requirements

analysis process outlined in Table 19 below.

Table 19: Framework of recommendations of the study

Stage Details

1. Role/Task identification |ldentifying roles and tasks of users through defining
essential use cases

2. Task modelling Modelling tasks with a focus on satisfying software
usability

3. Requirements capturing [Capturing usability requirements

4. Requirements testing Testing for completeness and preciseness of
captured usability requirements

5. Requirements Holding of frequent meetings and continuous
refinement consultations to refine the requirements

Although the research will be restricted to the first two phases identified, the third phase is
described so as to suggest the possibility for continuation of the project through to
implementation of the improved requirements capturing and thereby derived benefits in the
form of improved software usability. In the case of e-learning software, this could manifest
in the form of improved learning of students, but investigating whether this is the case will
be beyond the scope of the study. Participant developers however, may become convinced
of the possible superiority of the improved requirements capturing process and desire to

continue with the design and to implement it.

Also, it should be pointed out that although e-learning software will be used for the
demonstration of better capture and potential enhanced usability, the framework of

principles will be devised so as to be generally applicable to all kinds of software. The
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structure of the framework will be somewhat like the illustration of the tentative
framework shown below. The principles will guide specifically on the role of both sides,
which for developers will be mainly related to arranging and conducting while for users it
will be mainly related to how best to collaborate with the developers in capturing the

usability requirements.

Figure 23: Tentative framework of requirements gathering process under UgCD

< Pre-programming phase | Programming phase >

Identification of users Statement of purpose; Arrangement and Arrangement and
and their roles; Construction of model conduction of conduction of
Discussion of purpose of tasks main meeting further meetings

Par::;npatc 111; Assist in Provide feedback Provide continued
re-u(;ﬁ all smen task modelling during meeting feedback

I 1 S

6.12 Summary of chapter

This study adopts a mixed-methods research design involving gathering data pertaining to
how requirements are captured at present through a survey and interviews with developers,
and a phase for demonstrating UgCD for requirements capture. The developers are from
higher educational institutions engaged in the development of e-learning software. The
survey sample comprised of developers from throughout the Saudi kingdom, the interviews
were conducted at institutions located in Jeddah, Riyadh and Taif, and the UgCD
demonstration was held at KAU. The instruments devised for the survey and interviews
included questions related to all five of the selected usability aspects, namely learnability,
rememberability, efficiency, reliability and user satisfaction. Data analysis was conducted
using PSPP, and a database to facilitate a thematic analysis of the interviewee responses.

The objective measures for the UgCD demonstration in capturing requirements were
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completeness and preciseness. The ethical considerations observed and the research
schedule followed are also outlined, and the procedure adopted for the UgCD

demonstration is detailed.
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Chapter Seven

Research Phases and Samples
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Chapter 7: Research phases and samples

7.1 Introduction

This chapter briefly outlines the research phases conducted, the methods involved, and the
actual research samples obtained as well as the main sample characteristics and

demographics.

7.2 Research phases and samples

The actual study involved five stages, which can be grouped into three phases: (1) Pre-
UgCD trial survey and interviews, (2) The UgCD trial itself, and (3) Post-UgCD trial
survey and interview. This process is depicted in Figure 24. The purpose during the first
phase was to gather the views and information about the practices of Saudi software
developers working in higher education institutions on aspects related to UgCD. The
purpose of the second phase was to demonstrate UgCD by applying it for recapturing
requirements to see what difference it can make for software usability, and the purpose of
the third phase was to gather the views of the participants at the trial on the UgCD

implementation.

Figure 24: The three phases of the research conducted

L Pre-UgCD Trial
Survey & Interviews
Phase Il
UgCD Trial
AL ECIUL Post-UgCD Trial
Survey & Interviews

Table 20 below summarises, and Figure 25 illustrates, the samples that were actually
obtained in this study during the three phases of the primary research. The main data and

analysis for the survey, interviews, trial, and post-trial surveys and interviews are presented
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separately over the course of the next four chapters. The pre-UgCD survey data and
analysis is presented in Chapter 8: Survey data and analysis, the pre-UgCD interview data
and analysis in Chapter 9: Interview data and analysis, for the UgCD trial in Chapter 10:
The UgCD trial, and the post-UgCD survey and interview data and analysis together in
Chapter 11: Post-UgCD trial.

The research methods involved and the places at which the research was carried out at each
stage are also indicated in the table. During phase I, the first survey data was gathered from
higher education institutions throughout the Saudi kingdom, and the interview sample from
the institutions in the three cities of Jeddah, Riyadh and Taif. The UgCD trial was held at
one of these institutions at which a selected interview participant worked as a developer,

and the post-UgCD data during phase IIT was gathered from the same.

Table 20: Research phases, methods and samples

Phase | Stage Research Location Sample
method
I 1 Survey HE institutions throughout |212 software
KSA developers
2 Interviews HE institutions in Jeddah, |20 software
Riyadh and Taif developers
I 3 UgCD trial One selected HE 1 trial
institution from above
[l 4 Post UgCD trial As above (meeting 14 meeting
survey participants) participants
5 Post UgCD As above (software 1 interview
interview developer)

The final column in the above table mentions the sample sizes at each stage of the
research. Only research with developers was permitted as per the ethics applications
(Appendix H: Ethics Committee Application), so students were not involved in this study.
The number of participants for the pre-UgCD trial survey and interviews were 212 and 20
respectively with the latter being drawn from within the survey sample. A single UgCD
trial was then held at the institution of one of the interviewees during which UgCD was
demonstrated for gathering requirements. The research during the post-UgCD third phase

was carried out among the participants of the meeting that took place during the UgCD
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trial. This post-UgCD survey involved 14 participants, of which 4 were developers and the
remainder teachers, and the interview was held with one of these who was a developer.
Each subsequent sample was therefore a sub-sample of the previous sample. This is made

clear in the diagram in Figure 25.

Figure 25: Obtained samples of the study

Saudi Arabia

Jeddah, 1 leading developer

Riyadh & Taif

14 UgCD meeting
participants at the 1
selected HE institution

Post trial

1 selected HE Institution of
one of the interviewees

20 developers from HE

institutions from 3 cities
Developer

Interviews

212 developers from HE
Institutions throughout
KSA

Developer
Survey

7.3 Sample characteristics

7.3.1 Survey sample

A total of 212 software developer-respondents from all over the Kingdom of Saudi Arabia
completed the online questionnaire'. This was a little above the target of 200 developers so
the response was good, and this was much higher than the original target of 20 developers,
which would have been from only a few selected institutions. It may have been possible to
obtain an even larger sample, but the survey had to be terminated at some point. Relative to
the target of 200, the response rate was therefore 106%. No demographic data was

gathered of the survey sample, but as a criteria for participation, all the participants were

1 This was made available at http://kwiksurveys.com/s.asp?
sid=4lggmrgtm2ws801285657.
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software developers appointed in higher education institutions throughout the Kingdom of

Saudi Arabia.

7.3.2 Interview sample

A total of 20 interviews were conducted, and all the interviewees were software developers
based in higher education institutions in Saudi Arabia from three cities. The institutions
were selected on the basis of being in sufficient close proximity for the researcher to be
able to visit in person to conduct the interviews wherever the opportunity presented itself
although in some of these cases too, interviews were conducted online for convenience by
using the Skype chat client. This method of purposive sampling was in contrast to the open
random invitations for participation in the survey made throughout the kingdom. Another
commonality between the selected institutions was that they were all large universities
located in large cities in the western and central regions of the kingdom, namely the three
large cities of Jeddah, Riyadh (capital) and Taif. No interviews were therefore held in any
of the smaller cities or far flung areas of the kingdom, and the findings can therefore only
be considered as representing the views of software developers in universities located in

the three aforementioned cities.

7.3.3 Interview dates and venues

Table 21 lists the dates and places of all the interviews and the type of interview, whether
conducted face-to-face or online. Interviewee 12 is highlighted because it was at his

institution that the UgCD demonstration was carried out.

Table 21: Interview dates and venues

Interview(/ee) | Date of interview | Type of interview Place of interview

1 12™ January 2014 Online King Abdulaziz University, Jeddah
2 18™ February Face-to-face Darul Hikmah University, Jeddah
3 19" February Face-to-face Darul Hikmah University, Jeddah
4 22" February Online King Saud University, Riyadh

5 24™ February Face-to-face King Abdulaziz University, Jeddah
6 24™ February Face-to-face King Abdulaziz University, Jeddah
7 25" February Face-to-face Darul Hikmah University, Jeddah
8 27" February Face-to-face Taif University, Taif

9 March Face-to-face Taif University, Taif
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10 March Face-to-face Taif University, Taif

11 March Online King Saud University, Riyadh

12 March Face-to-face King Abdulaziz University, Jeddah
13 March Face-to-face King Saud University, Riyadh

14 March Face-to-face Arab Open University, Riyadh

15 March Face-to-face King Abdulaziz University, Jeddah
16 March Face-to-face Darul Hikmah University, Jeddah
17 March Online Arab Open University, Riyadh

18 March Online Arab Open University, Riyadh

19 March Online King Saud University, Riyadh

20 March Online Darul Hikmah University, Jeddah
7.3.4 The UgCD trial

As the interview findings show, particularly for question 10, most interviewees were
reluctant to try another method to their existing practices. Most in fact were restricted by
the control of their management. Only three interviewees stood out as being most inclined
to possibly allow UgCD to be trialled at their workplace, namely 3, 9 and 12. Of these,
interviewee 12 agreed to discuss the request with his team most promisingly, but there
were certain provisos, which somewhat restricted the way in which UgCD was able to be
implemented. This selected developer and institution is highlighted in the above table, and

the background and context of trial are detailed in 10.2 Background and context.

Only a single trial was conducted to demonstrate UgCD for recapturing requirements for
improving an existing piece of software. As detailed in the related chapter, this trial
involved guiding the develops on how to apply UgCD for identifying users, roles and
tasks, and how to carry out the task of recapturing requirements. These were then done
during a single meeting that was attended by the whole team of developers and some
teachers representing teaching staff working at the institution as users of the software. The
team of developers at the selected institution comprises of five members, three of whom
are regular coders, and the other two are a graphics artist and a tester. The total number of
participants of the meeting was 16, and the remainder 11 of these were the teachers. For
comparison, the requirements gathered during the UgCD trial was compared to the
requirements gathered by the developers originally at the time of construction of the
software, and secondly to the period before UgCD was applied when requirements were

gathered without using UgCD.
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7.3.5 Post-UgCD survey and interviews

The short post-UgCD survey and interview during Phase III of the primary research was
conducted with 14 of the total 16 meeting participants. These 14 participants included the 5
members of the development team, and the remainder 9 were teachers. All the meeting
participants were invited, so the response rate was 88%. The remaining 2 teachers may also
have participated, but they were not available because this phase of the research was
conducted during the winter holiday season. The final interview was arranged with the
leading developer and only one interview was held. This interview was held online using

Skype.

7.4 Summary

This chapter introduced the three phases of the research and the five stages involving a
survey and interviews prior to the UgCD trial, the trial itself, and post-trial survey and
interview. The participants during the pre-UgCD survey and interviews were 212 and 20
respectively, a single trial was held, and the participants during the post-UgCD survey and
interview were 14 and 1 respectively. Also, each subsequent sample was a sub-sample of
the sample from the previous stage. The next four chapters present the data and analysis

pertaining to the primary phases of the research in this study.
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Chapter Eight

Survey Data and Analysis
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Chapter 8: Survey data and analysis

8.1 Introduction and coding

This chapter presents the results of the survey of software developers in the Saudi kingdom
and the findings from the analysis of their responses. The sample characteristics were
described earlier in 7.3.1 Survey sample, details of the method of coding and the formula
that was applied for calculating the overall weighted values and means are presented in this
chapter. The frequency data is presented using tables and charts for each of the three
categories of the survey, i.e. capture of usability requirements, and usability capturing and
testing methods. The analysis includes ordering each of the three sets of aspects and
methods in order to ascertain which of them are most and least common. More thorough
analysis is undertaken using factor analysis to derive a possible factor structure, and

correlation analysis to establish the significant correlations.

The variables that were assigned codes during the analysis are listed in the table below.
There were six degrees of responses in the first part ranging from 'not well at all' as the

extreme negative response to 'very well' as the extreme positive response.

Table 22: Codes assigned to the variables for the analysis

Code Variable Response
NWA Not well at all Extreme negative response
NSW Not so well
U Unsure )

Intermediate responses
RW Reasonably well
QW Quite well
VW Very well Extreme positive response
ovw Overall weighted value*
- (Calculated value)
TWV Total weighted value

*The Overall weighted value was calculated in order to obtain a single figure to represent
the entire set of responses for each survey item taking into account the negative and
positive degrees of the responses. Each of the response variables was assigned a weighted
value, and in the calculation, all the frequencies for each response were multiplied with

their respective weights before being added together to obtain the single representative
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value. Both positive and negative values were used so that the overall weighted value
reflects the overall response being either affirmative or non-affirmative. Alternatively, a
positive scale from 1 to 6 could have been applied as well, but the relative ordering would
have resulted the same, and the objective was simply to find out this order. The calculation

was made as follows:

OWV=NWAx2)+(NSWx1)+(Ux0)+(RWx1)+(QWx 2) + (VW x 3)

8.2 Capture of usability requirements

8.2.1 Frequencies and overall values

The first part of the questionnaire asked respondents to indicate how well they thought
during the development of the software they designed in the recent past, they were able to
capture the requirements for 10 specific usability aspects. A summary of the responses is

given in Table 23 and Table 24.

Table 23: Mean, SD and T-Scores of Developer perceptions on ability to capture

Statement Mean St. Deviation T Score
Al Minimal learning time 3.57 1.116 50.924
A2 Ease of use 5.74 1.044 57.476
A3 Following established standards 5.71 1.245 47.750
A4 Incorporation of metaphors 458 1.094 52.149
A5 Facilitation of users in tasks 4.57 1.069 54.174
A6 Minimisation of errors 452 1.224 45.790
A7 Consistently quick task completion 4.47 1.190 45.052
A8 Reliability of working 4.45 1.204 45.582
A9 Aesthetic appeal 4.68 1.170 50.019
A10 |Ability to engage user 4.49 1.126 49.424

The above table shows the mean, standard deviation and t-scores for each of the ten
statements pertaining to the perceptions of the developers on how well they are able to
capture requirements for certain usability aspects. The mean values range from 3.57 (for
A1) to 5.74 (for A2) so there is a wide variation between them. The pattern of responses is

similar in terms of relative magnitude to those in the next table.
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Table 24: How well the developers were able to capture requirements for certain
usability aspects during recently developed software

VAR
Al
A2
A3
A4
A5
A6
A7
A8
A9
A10

LABEL NWA NSW U RW QW VW  TOTAL
Minimal learning time 20 13 17 76 54 32 212
Ease of use 0 0 21 42 76 73 212
Established standards 4 6 5 44 72 81 212
Use of metaphors 18 27 39 55 41 32 212
Facilitate users in tasks 19 36 49 28 38 42 212
Minimisation of errors 10 17 88 29 33 35 212
Consistent/Quick task completion 27 18 28 56 39 44 212
Reliability 8 6 12 48 51 87 212
Aesthetic appeal 11 14 36 76 28 47 212
Ability to engage 19 27 48 41 37 40 212
Total 136 164 343 495 469 513
Weight 2 -1 0 1 2 3
WV 272 -164 0 495 938 1539

owv

227
413
417
170
156
163
194
389
237
170

The totals for each degree of response show that the responses are generally skewed

towards the higher end of being well captured. This pattern is clearer in Figure 26 below.

Quantity

Figure 26: Totals and weighted values for each type of response
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As can be seen in Figure 27 below, the response of both 'very well' and 'quite well' were
highest for A8 (reliability), A3 (established standards), and A2 (ease of use); the greatest
uncertainty was for A6 (minimisation of errors) (42%), and at the other end of the scale,
the highest proportion of 'not well at all' responses were indicated for A7 (consistent/quick

task completion) (13%).

Figure 27: How well the software is able to capture requirements

How well software is able to capture requirements
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Aesthetic appeal BENSE 17% INSEEEEE @ 22%

g Reliability 6% NINZ3v 41% VW
g Consistent/Quick task completion IESEENNSYEN 13% NENN2EVNNENNENEEN  21% " oW
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g Established standards [l IR 38% BNW
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Usability aspects

8.2.2 Ordering of the usability aspects

The final column in the above table gives the overall weighted values (OWYV) for each of
the ten aspects according to the weights indicated for each degree of response (see second
last row). These average values (OWVs) enabled an ordering to be made of the ten aspects
according to how well the requirements for them were captured overall. This is done in
from most to least well captured (Figure 28). It seems that usability requirements are most
well captured for the use of established standards followed by ease of use. Reliability,
aesthetic appeal and minimal learning time have relative more moderate overall weighted
values. The remainder aspects have lower overall weighted values with the least overall
rating for A5 (facilitate users in tasks). The finding that this aspect is weakest is significant
because as a usage focused methodology, UgCD is designed precisely to ensure users can

accomplish all necessary tasks. The overall weighted values of the ten usability aspects are
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illustrated in Figure 28, which makes it clearer that A3, A2 and A8 received the highest

indications overall.

Figure 28: Overall weighted values of the ten usability aspects

Overall weighted values for the usability aspects
(How well software is able to capture requirements)
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Minimal learning time (A1) T T
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Minimisation of errors (AG) GG 153
Facilitate users in tasks (A5) N 155

Overall weighted value [OWW)

Usability aspects

The results show the perception of developers in Saudi higher education institutions and
what they think about their own team's ability to capture certain usability requirements.
The developers appear to be most confident that their existing software development
methods follow established standards, and can ensure ease of use and reliability of the
software developed. However, usability also concerns factors such as learnability and

engagement, which were rated less, so some usability issues are evident.

Most notably however, the requirements for facilitating users in tasks was not thought to be
well captured, and consistent/quick task completion was not rated much higher either. This
is a significant finding because it appears the developers admitted a possible deficiency for
which UgCD is specially designed to ensure, i.e. to facilitate users in completing tasks. If
UgCD can demonstrate significant improvement in ensuring users can complete essential
tasks, then these developers could be swayed into adopting UgCD, or at least some aspects

of the methodology.
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8.2.3 Average values and typical responses

The pattern for the ordered overall weighted values (OWVs) is also reflected in the average

values calculated for each usability aspect, found by dividing each OWV by 212.
Average (mean) value = OWYV / 212 (calculated to 3 decimal places)

The average values thus calculated ranged from 0.736 (for A5) to 1.967 (for A3). The data
was entered into PSPP software along with the corresponding OWVs. Three aspects had
average values close to the weight (2) assigned to the response 'Quite Well', namely A3, A2
and A8, i.e. these averages were within the range 1.500-2.499. All the rest had average
values close to the weight (1) assigned to the response 'Reasonably well', i.e. these
averages were within the range 0.500-1.499. The average values and the associated typical
responses are summarised in Table 25. In addition, an overall average value was calculated
as the mean value for all the aspects, which is 1.2. This mean value indicates that overall,
the respondents agreed reasonably well with the question items in part A of the survey
because it lies within the range for the 'reasonably well' response. The standard deviation
of the set of mean values for all the items was calculated to be 0.51. The PSPP output is

attached in the appendix.

Table 25: Average values and typical responses in part A of the survey

Usability aspect owvVv Average (3dp) | Typical response

A3 Established standards 417 1.967

A2 |Ease of use 413 1.948 S‘fét()eogfﬂgg)
A8 Reliability 389 1.835

A9 Aesthetic appeal 237 1.118

Al Minimal learning time 227 1.071

A7 Consistent/Quick task completion 194 0.915

A4 Use of metaphors 170 0.802 g)eg%%rjibig;; ell
A10 Ability to engage 170 0.802

A6 Minimisation of errors 163 0.769

A5 Facilitate users in tasks 156 0.736

Range (minimum-maximum) | 156-417 0.74-1.97
Mean | 253 1.20 -
Standard deviation | 108.88 0.51
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8.2.4 Test for normality of data

A test for normality of data was conducted on the mean values obtained above, based on
the total OWVs. The PSPP output is attached in Test for normality of the mean values
(appendix). The skewness of the values was 0.84 and the kurtosis was -1.29. A histogram
was superimposed on these values, as shown in Figure 29 below. The high positive value
for skewness shows that most values are concentrated on the left of the overall mean with
extreme values to the right, and the kurtosis value being less than 3 indicates a platykurtic
distribution, i.e. a normal distribution that is flatter with a wider peak, which also makes
for a lower probability of extreme values as the values are spread more widely around the

overall mean (of the individual means).

Figure 29: Test for normality of the mean values
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8.2.5 Exploratory factor analysis

An exploratory factor analysis was conducted in order to determine the correlation between
the measures and possibly derive a factor structure, that is, reduce the number of factors

that still explain the observed variance. The sample size of 212 was sufficient to conduct a
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factor analysis as per Hair et al's (2007) suggestion of the size needing to be a minimum of

100 although this is considered only a fair amount according to Comrey & Lee (1992).

For factor analysis, the assumption of normality is important (Field, 2009), and this was
tested and confirmed in the previous subsection 8.2.4 Test for normality of data. The
skewness was found to be 0.84, which is high, but the kurtosis value of -1.29 is within the
range of +2, which was specified by Garson (2012) as necessary for the normality
assumption. Notably, the skewness value is outside of this range, but the factor analysis is
still justified although the solution should be treated as degraded, as advised by Tabachnick
& Fidell (2012).

Factor analysis was first conducted for the factors identified in part A for usability aspects.
The results of the factor analysis are attached in the appendix under Factor analysis and the
key data explaining the total variance is summarised in Table 26. The rotation type of
varimax orthogonal was chosen because it minimises the number of variables with extreme
loadings on a factor. For factor extraction, Principal Component Analysis (PCA) was used
as it accounts for total variance unlike Principal Axis Factoring (PAF), which only
accounts for co-variation, so the original data can distributed among all extracted factors.

The eigenvalue for factor retention was set to 1, as recommended by Kaiser (1960).

Table 26: Factor analysis for usability aspects (PCA applied)

Total variance explained
Compone [Initial eigenvalues Extraction sums of squared Rotation sums of
nt loadings squared loadings
Total % of Cumulativ | Total % of Cumulativ | Total % of
variance |e variance |e variance
1 9.35 93.54 93.54 9.35 93.54 93.54 9.35 93.54
2 0.24 2.40 95.94
3 0.11 1.07 97.01
4 0.09 0.85 97.86
5 0.06 0.62 98.48
6 0.05 0.49 98.97
7 0.04 0.40 99.37
8 0.03 0.32 99.68
9 0.02 0.18 99.87
10 0.01 0.13 100.00
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Notably, the total of the factor loading (9.35) is greater than the value of 0.30 specified by
Field (2009) for it to be significant. This is greater only for the first factor of A1 (minimal
learning time). This factor alone explains 93.54% of the total variance. All the other factors
(A2-A10) explain the remainder variance with A2 (ease of use) and A3 (following of

established standards) accounting for a relatively greater proportion than the others. This

picture is clear in the Scree plot in Figure 30 below.

Figure 30: Scree plot of factor analysis of usability aspects
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8.3 Methods used to capture requirements

The results for the next part of the questionnaire to find out the methods used to capture
requirements, are given in Table 63 (in Appendix I: Raw survey data). Only the first 4
methods were specified in the questionnaire, but the responses to the fourth open option
helped to identify 6 further methods and an additional 'none’ category was made making it
11 variables in total. The mean, standard deviation and t-scores for each statement
pertaining to the methods used to capture requirements are given in Table 27. Notably, the

mean values all range between 3 and 4 (specifically 3.20 for B11 and 3.79 for B2), which

indicate the developers had a moderate perspective of recapturing requirements
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Table 27: Mean, SD and T-Scores for methods used to capture requirements

Statement Mean St. Deviation T Score
Bl Field observation 3.49 1.129 49.116
B2 Focus groups 3.79 1.130 53.346
B3 Interviews 3.58 1.240 45.989
B4 Logging details of actual use cases 3.54 1.329 42.348
B5 Other survey 3.48 1.180 46.869
B6 Other secondary research 3.26 991 52.426
B7 Other workshops 3.31 1.050 50.105
B8 Other-as instructed 3.54 1.135 49.556
B9 Other meetings 3.43 1.134 48.079
B10 Other-brain storming 3.42 1.045 51.958
B11 Other-none 3.20 1.043 48.766

These results illustrated in Figure 31 below in an ordered way, show that the most popular
method of all was the survey method followed by interviews and focus groups, and
brainstorming was also popular. On the other hand, the least popular methods were
workshops and field observations, and the least of all responses were indicated for mone'.
The indications for the first four listed methods (B5, B3, B2, and B10) are clearly much
higher than for the other methods.
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Figure 31: Methods used to capture requirements for usability

Methods used to capture requirements for usability
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As far as UgCD is concerned, it relies heavily on frequent meetings and continuous
consultations besides surveys, observations and focused enquiries or investigations. The
fact that meetings (B9) are underused means that the benefits of frequent meetings may not
be apparent to the developers, so there is scope for promoting UgCD among Saudi

developers.

8.4 Methods used to check for usability afterwards

The results for the next part of the questionnaire to find out the methods used to check for
usability afterwards, are given in Table 62 (in Appendix I: Raw survey data). The first 6
methods were specified in the questionnaire, but the responses to the open option helped to
identify a further two methods, namely user trial and user feedback. Altogether, nine
variables were defined including the option of 'none'. The mean, standard deviation and t-
scores for each statement pertaining to the methods used to capture requirements are given

in Table 28. The mean values range between 2.98 (for C7) and 3.66 (for C9).
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Table 28: Mean, SD and T-Scores for methods used to check for usability

Statement Mean St. Deviation T Score
C1l |Feature inspection 3.29 1.229 42.628
C2 |Cognitive walkthrough 3.13 1.127 44.134
C3 |Expert evaluation 3.23 1.146 44.856
C4 | Think aloud approach 3.38 1.102 48.853
C5 |Heuristic evaluation 3.10 1.305 37.811
C6 | Perspective based inspection 3.53 1.022 54.886
C7 | Other-User trial 2.98 1.137 41.631
C8 | Other-User feedback 3.21 1.204 42.348
C9 | Other-none 3.66 1.200 48.448

These results illustrated in Figure 32 below in an ordered way, show that the most popular
method of all was user trials followed by feedback. On the other hand, the least popular
methods were the 'Think Aloud Approach’, perspective based inspection, and heuristic

evaluation, and the indications for 'none' was quite high at 79.

Figure 32: Methods used to check for usability afterwards
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Using the above data, an ordering can be made for the 9 variables. The indications for the
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first listed method (C7) are clearly much higher than for the other methods, and three last
listed methods (C4, C6, and C5) were the least used methods of all.

Usability inspection is an important component of the UgCD methodology. Some evidence
of inspection is present, but there is greater reliance on trials and feedback, which are also
useful for testing the software. However, for UgCD, it is important that software users are
able to accomplish specific tasks whereas the trials do not seem to be focused specifically
on this. Promotion of UgCD could therefore be beneficial in showing how to ensure the
software that is developed is highly usable, especially in terms of users being able to carry

out essential tasks.

8.5 Correlation analysis

8.5.1 Grouped correlation analysis

A correlation analysis was first attempted to see if there is any relationship between the

three groups of variables:
An: Mean values for part A of the survey (not to be confused with item A2)
B: Values obtained for recapturing methods
C: Values obtained for usability testing methods

The analysis compared each possible pair of variables, which led to three correlation tests

(An with B, A, with C, and B with C).

The Likert scale used in part A provided an ordinal scale of measurement (as opposed to
being a continuous variable). The same was the case with variables B and C. It was also
assumed there is a monotonic relationship between each of the two sets of variables.
Therefore, Spearman' rho tests were conducted, which tests for the how closely two sets of
rankings agree with each other. This is in contrast with the correlation test for linear
association, for which a Pearson's product moment test would have been appropriate

instead.

The Spearman's rank correlation coefficient (P or rs) was calculated for each of the three
pairs of variables. The following formula was used and the calculations were done in PSPP

using crosstabs:
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2
=824
n(n*-1)

where the numerator in the fractional part includes the sum of the squared differences (d)

between the pairs of ranks, and n is the total number of pairs.

At the 95% level of significance, a significant correlation is indicated by p=0.05, and the r,
values range between -1 and +1, which indicate negative to positive correlation
respectively. The null hypothesis was formed that the ranks of the two variables do not
covary with each other. The P values of the Spearman rank correlation were calculated for
ascertaining the chance that random sampling would result in a correlation coefficient as
far from zero as observed in the experiment in the case of no correlation between the two

variables. Two scenarios were identified:

* Small P value: The correlation being due to random sampling can be rejected.
* Large P value: Insufficient evidence that the correlation is real and due to chance.

The PSPP output is attached in Appendix J: PSPP analysis and output. The table below

summarises the main values of interest.

Table 29: Spearman's rank correlation values

Variables compared Spearma | Asymp | Approx. | Degrees | P value No. of
n's rho | std. error T of valid
freedom cases
An- [Mean values in part A with 0 0.34 0 9 0.3 10
B values in part B
An- |Mean values in part A with 0.58 0.16 2.86 8 0.23 10
C values in part C
B-C | Values in parts B and C -0.23 0.31 -1.76 8 -0.32 11

In the case of An-B (0), the correlation is nil; in the case of An-C (0.58), there is a
moderately positive correlation, and in the case of B-C (-0.23), there is a negative
correlation between the two variables. Interpretation of their significances were made as

follows:
An-B: |rs| < 0.3 => Acceptance of null hypothesis

An-C: |rs| > 0.58 => Rejection of null hypothesis
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B-C: |rs| < 0.32 =>Acceptance of null hypothesis
Only in the case of the mean values in part A and the testing methods used in part C can it

be said that there is some association between the two variables.

8.5.2 Detailed correlation analysis

In the detailed correlation analysis, each item in each of the three groups was tested for
possible correlation with all other items. The three sets of correlation matrices are attached

in Appendix K: Correlation matrices, which are as follows:
Set A2: Usability aspects (in Table 66, for A-J)
Set B: Usability capturing methods (in Table 67, for AA-AK)
Set C: Usability testing methods (in Table 68, for AAA-AAH)

The correlational relationships listed below are those that were found to be significant at

the 95% level of confidence (for which the p-values were less than 0.05, i.e. p < 0.05).

8.5.2.1 Correlations for identified usability aspects
The table below lists all the pairs of variables found to be positively correlated with p-

values less than 0.05 between the usability aspects.

Table 30: Correlations for identified usability aspects

Variables compared r value p value
(<0.05)
A1 Minimal learning time A2 Ease of use 0.456 0.010
A3 Established standards 0.367 0.020
A4 Use of metaphors 0.371 0.019
A6 Minimisation of errors 0.146 0.050
A7 Consistently quick task completion 0.261 0.045
A8 Reliability 0.475 0.000*
A9 Aesthetic appeal 0.549 0.000*
A10 Ability to engage 0.474 0.000*
A2 Ease of use A4 Use of metaphors 0.340 0.000*
A5 Facilitating users in tasks 0.403 0.000*
A6 Minimisation of errors 0.440 0.000*
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Variables compared r value p value
(<0.05)
A7 Consistently quick task completion 0.303 0.030
A9 Aesthetic appeal 0.396 0.002*
A10 Ability to engage 0.426 0.000*
A3 Established standards A4 Use of metaphors 0.272 0.045
A5 Facilitating users in tasks 0.403 0.100
A6 Minimisation of errors 0.440 0.000%*
A8 Reliability 0.232 0.044
A9 Aesthetic appeal 0.206 0.040
A10 Ability to engage 0.262 0.039
A4 Use of metaphors A5 Facilitating users in tasks 0.157 0.047
A6 Minimisation of errors 0.310 0.026
A7 Consistently quick task completion 0.105 0.049
A5 Facilitating users in tasks | A6 Minimisation of errors 0.172 0.006
A6 Minimisation of errors A9 Aesthetic appeal 0.136 0.030
A7 Consistently quick task A8 Reliability 0.212 0.001*
completion
A8 Reliability A9 Aesthetic appeal 0.197 0.002

*Also significant at the 99% level of confidence

8.5.2.2 Correlations for usability capturing methods
The table below lists all the pairs of variables found to be positively correlated with p-

values less than 0.05 involving the usability capturing methods (set B).

Table 31: Correlations involving usability capturing methods

Variables compared r value p value (<0.05)
A1 Minimal learning time B4 Logging details of actual use cases 0.171 0.040
B6 Other - secondary research 0.131 0.037
B9 Other - meetings 0.258 0.000
A2 Ease of use B3 Interviews 0.302 0.038
B4 Logging details of actual use cases 0.441 0.000*
B5 Other - survey 0.159 0.011
B9 Other - meetings 0.206 0.000
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Variables compared r value p value (<0.05)
B10 Other - brainstorming 0.409 0.000*
A3 Established standards B10 Other - brainstorming 0.376 0.015
A4 Use of metaphors B1 Field observation 0.249 0.000
B3 Interviews 0.134 0.033
B6 Other — secondary research 0.256 0.000*
B7 Other - workshops 0.126 0.045
A5 Facilitating users in tasks [ B5 Other - survey 0.166 0.006*
B6 Other — secondary research 0.136 0.030
B8 Other — as instructed 0.444 0.000*
A6 Minimisation of errors B1 Field observation 0.146 0.020
B4 Logging details of actual use cases 0.361 0.000*
B6 Other — secondary research 0.150 0.017
B8 Other — as instructed 0.178 0.005*
B9 Other - meetings 0.251 0.000*
A7 Consistently quick task B1 Field observation 0.599 0.000%*
completion
B3 Interviews 0.225 0.000*
B7 Other - workshops 0.225 0.000*
B8 Other — as instructed 0.276 0.000*
A8 Reliability B6 Other — secondary research 0.440 0.000*
A9 Aesthetic appeal B6 Other — secondary research 0.446 0.000%*
A10 Ability to engage B6 Other — secondary research 0.159 0.110

*Also significant at the 99% level of confidence

8.5.2.3 Correlations for usability testing methods

The table below lists all the pairs of variables found to be positively correlated with p-

values less than 0.05 involving the usability testing methods (set C).

Table 32: Correlations involving usability testing methods

Variables compared r value p value (<0.05)
A1 Minimal learning time C7 Other — user trial 0.129 0.041
C8 Other — user feedback 0.231 0.000*
A2 Ease of use C3 Expert evaluation 0.292 0.000*
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Variables compared r value p value (<0.05)
C9 None 0.229 0.000*
A3 Established standards C2 Cognitive walkthrough 0.250 0.000*
C9 None 0.326 0.000*
A5 Facilitating users in tasks C2 Cognitive walkthrough 0.176 0.005

*Also significant at the 99% level of confidence

8.5.2.4 Significant correlations

The above three tables listed all the positive correlations between the 30 variables that
were found to be significant at the 95% level of confidence (with p-values less than 0.05).
A few pairs among these were also highly significantly correlated at the 99% level of
confidence (with p-values less than 0.01), which are indicated by an asterisk (*). Table 33

below summarises the number of significant correlations for each of the 3 sets of variables,

and the proportions are illustrated in Figure 33.

Table 33: Number of significant correlations for each of the 3 sets of variables

Set A(2) Number Set B Number Set C Number
Al 13 B1 3 C1 0
A2 14 B2 0 C2 2
A3 10 B3 3 C3 1
A4 9 B4 3 C4 0
A5 8 B5 2 C5 0
A6 10 B6 7 C6 0
A7 8 B7 2 Cc7 1
A8 5 B8 3 C8 1
A9 6 B9 3 C9 2

A10 4 B10 2 - -
- - B11 0 - -
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Figure 33: Chart of number of significant correlations
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The first two variables (A1 and A2) stand out as the variables that are most correlated with
other variables. They confirm the understanding that usability is fundamentally about
minimising the time required to learn to use a software and its ease of use. These two are
then followed in extent of importance by the next five variables (A3-A7) pertaining to
usability aspects, namely following of established standards, use of metaphors, facilitating
users in tasks, minimising errors, and consistently quick task completion. The remainder

variables (A8-A10) were significantly correlated with at least 4 other variables.

Among the variables in Set B, variable B6 (use of secondary research) stands out the most
being correlated with 7 other variables. It was significantly correlated with A1, A4, A5, A6,
A8, A9, and A10, which is a wide range of usability aspects with the exception of ease of
use, (A2), established standards (A3) and consistently quick task completion (A7).
Notably, this item was identified by the survey respondents as a method used for gathering
usability requirements, so it was categorised under 'other' as it was not pre-specified in the
questionnaire. This suggests reliance on secondary research, as opposed to directly
involving users for gathering requirements, is not only used widely but it is also
significantly associated with many of the developer notions of usability. The third set of
variables (Set C) contained the most number of variables with no correlations at all (C1,

C4-6), and none of the other variables had more than or or two significant correlations.
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This may suggest testing for usability is either varied or not given much prominence, or

both.

8.6 Summary of survey results

A survey was conducted in which there were 212 software developer respondents from all
over Saudi Arabia who responded to questions related to usability aspects, capturing
methods and testing methods. A six-point Likert scale was used stretching from 'not well at
all' to 'very well' for developers to indicate their responses to the first part on how well they
thought their recently software developed captured usability requirements. The ten items
evaluated in part A are listed in Survey questionnaire for developers, and the average
values of the responses ranged from 0.736 (for A5) to 1.967 (for A3). The totals for each
degree of response show that they are generally skewed towards the higher end of being
well captured (Figure 26). This is especially true for 'established standards' (A3), 'ease of
use' (A2), and 'reliability' (A8). On the other hand, uncertainty was greatest for
'minimisation of errors' (A6), and the negative responses were greatest for the same and

most for 'facilitate users in tasks' (A5).

In short, Saudi developers are most confident that their existing software development
methods follow established standards and ensure ease of use and reliability whereas other
usability aspects related to learnability and engagement are rated less. Notably,
requirements for facilitating users in tasks are not thought to be captured well. Also, the
factor analysis revealed that 93.54% of the total variance is explained by the first factor
(A1) of minimal learning time. The other factors account for the remainder variance but the
most prominent amongst them are ease of use (A2) and following of established standards

(A3).

As for methods used for capturing requirements, the developers appear to have a moderate
perspective overall of recapturing requirements. The most popular method used is the
survey followed by interviews and focus groups whereas workshops and field observations
are least common. Notably, meetings (B9) are not used so much. For checking usability
post-development, Saudi developers appear to conduct user trials (C7) the most followed
by obtaining direct user feedback (C8). Methods such as the Think Aloud approach (C4),

perspective based inspection (C6) and heuristic evaluation (C5) were least used.

The correlation analysis data for the three groups of variables mentioned above is given in
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Table 29. These three groups were A, (mean values for part A of the survey regarding
usability aspects for which requirements are captured), B (methods used for capturing
requirements), and C (methods used for testing for usability afterwards). This analysis
showed that at the 95% level of significance, there is no correlation between A, and B, a
moderately positive correlation between A, and C (r=0.58), and a negative correlation

between B and C (r=-0.23).

The more detailed correlation analysis between each item in each of the above-mentioned
three groups, which amounted to 30 variables. Numerous positive correlations were
established that are listed in Table 30, Table 31, and Table 32, some of which were also
significant at the 99% level of confidence. A further analysis of the quantity of significant
correlations for each variable (fig29) showed that the first two variables, namely A1l
(minimal learning time) and A2 (ease of use) especially, stand out as being correlated most
with other variables. This confirms that these two aspects are mostly associated with the
concept of usability among Saudi developers. Of the usability requirement capturing
methods, variable B6 (use of secondary research) was correlated the most with others, and

none of the variables relating to usability testing methods in category C were as prominent.
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Chapter Nine

Interview Data and Analysis
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Chapter 9: Interview data and analysis

9.1 Introduction

This chapter presents the findings made from conducting the interviews with software
developers in the Saudi kingdom based on a thematic analysis of the interviewee
responses. The sample characteristics and the interview dates, venues and types were
described in 7.3.2 Interview sample, and the findings from the thematic analysis is
presented in this chapter in sequence for each of the 11 interview questions. This includes a
frequency analysis for each item to show the variations in the responses as well as identify

which were common.

The responses of the interviews for each of the questions were entered into a database and
a thematic analysis was conducted to help identify the main emergent themes, i.e.
commonality in the different responses. The database enabled for easier comparison
between the different interviewee responses for each question besides viewing all the
responses of each interviewee. After visually comparing these responses, keywords and
phrases with either exact or similar patterns were identified and their frequencies were
noted in the analysis that follows, i.e. a list was made of the interviewees that mentioned
those same or similar words and phrases. This in turn helped to identify the most and least
common themes in all the responses. The most common themes were taken to be indicative

of the typical responses to each of the questions.

9.2 Responses to the questions

9.2.1 Responses to question 1

Q: Please describe how you manage to capture user requirements for the software

you have developed in the recent past?

Table 34 presents a summary of the key themes that emerged in the responses of the
developers on the methods they use to capture requirements and the respondents who

mentioned them.
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Table 34: Methods used to capture requirements

Method Interviewee Total
Interviews 1,9,12 3
Focus groups 1,3,4,9,13,18, 19 7
Surveys 1,2,3,9,12, 13, 16, 19, 20 9
Workshops 1,59 3
Observations 1 1
Prototype/Beta testing 1,2 2
Brainstorming 5,11 3
Meetings 5 1
Own planning/PMP 6,7,15,17 4
Involves users, but method not specified 8,10, 11, 14 4
Client instructions 18, 20 2

The most popular methods for eliciting requirements were survey and focus group, and
observation and meeting were least used. These findings are in general consonance with
the survey questionnaire results where the same information was asked for. However,
interviews were only mentioned by three interviewees whereas the survey showed the
interview method to be more popular than focus groups among the survey sample. The
workshop and brainstorming methods come next. It can safely be assumed then that the
main methods used to capture requirements are survey, focus group and interview,
followed by workshop and brainstorming. Besides these actual methods, 4 interviewees
also mentioned they have adopted the PMP method, and 4 also that they involve users but
without specifying the actual method. Under PMP, control and detailed planning is
paramount. Everything is scheduled, measured or evaluated. This approach to undertaking

engineering projects is contrary to the principles of agile development.

The comments made in the survey analysis also apply here in that meetings are not so
popular whereas they are central to the UgCD methodology. However, considering that a
focus group is also essentially a meeting, this deficiency may not be that significant.
Moreover, it is important that users are involved, and in this regard the findings are

promising because many interviewees stressed on their involvement of users.

9.2.2 Responses to question 2

Q: What do you understand by the term usability?
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Table 35 presents a summary of the key themes that emerged in the responses of the

interviewees to the question of what they understand usability to mean.

Table 35: What developers understand by the term usability

Item | Component/Aspect Interviewee Total
1 Easy to use 1,3,5,6,9, 10,12, 13, 16, 19, |11
20
2 Enjoyable/Likeable/Pleasurable 1,3,5,9,12, 13, 14, 19, 20 9
/How it looks /Satisfactory
3 Reliability 1,3,9, 12,16, 19
4 Able to use as one would like it 1, 3,6, 10, 11, 14, 15, 18 8

/Designed as specified /Meets requirements
/How well it is made

5 How well it can be used /How well it works 2,3,4,6,7,10,11, 13, 14, 15, |12
[Fit for use /How good it is /Adequate performance |17, 20

6 Efficient 5,911, 12 4

7 Useful 8 1

8 Easy to remember/learn 12 1

9 Compatibility 12 1

Understanding of usability mostly centres around ease-of-use (1) and reliability (3, 5)
followed by enjoyability (2) and other expectations (4). By name, reliability was
mentioned by only 6 interviewees, but other descriptives (in item 5), which were also
concerned with reliability and performance aspects, make this the most understood overall
aspect of usability along with ease-of-use. Another important aspect for UgCD however, is
rememberability or learnability, which only mentioned by one interviewee although may
have combined their conception of it with ease-of-use. This aspect is discussed further in
the next sub-section. Generally, it is good that developers are aware of usability aspects,
and specifically the need to ensure ease-of-use of reliability, but there may be a need to
distinguish between general ease-of-use and learnability. If the software is well-designed
and makes it easy for users to accomplish tasks, then learnability/rememberability is an

important aspect of usability that awareness of UgCD can help to promote.

9.2.3 Responses to question 3

Q: How well do you think your software has been able to ensure usability in terms of

how well users are able to learn to use the software?
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Table 36 presents a summary of the key themes that emerged in the responses of the

developers on how well they think users are able to learn to use the software they develop.

Table 36: How well developers think users are able to learn to use the software they

develop
Item Response Interviewee Total
1 Logical organisation 1 1
2 User trial/feedback 1, 2, 10, 3
3 Detailed planning /Use of PMP 2,5,6,11, 14, 15 6
4 Familiar interface elements 3,7,20 3
5 Familiar procedures 3 1
6 Users are asked/consulted 4,9, 16, 17, 18, 20 6
7 Careful design 4,8,9, 10,11, 12 6
8 Continuous improvements 5,10 2
9 Consistency 7 1
10 Efficiently made 13 1
11 Unclear 19 1

This question specifically asked about the learnability aspect of developing software. The
interviewees were generally confident of ensuring learnability despite previously not
identifying it by name. Again, most interviewees pointed out that this is attributed to their
detailed planning, consultation with users, and also to careful design. Other main
attributions mentioned were user trials or solicitation of feedback, use of familiar elements
for the interface, and the rest were least mentioned. The involvement of users is a good
sign, but the low attention to items 1, 4, 5, and 9 are indicative once again of a possible

issue with ensuring learnability.

9.2.4 Responses to question 4

Q: How well do you think your software has been able to ensure usability in terms of

how well users are able to use the software effectively?

Table 37 presents a summary of the key themes that emerged in the responses of the
developers on how well they think users are able to use the software effectively that they

develop.
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Table 37: How well developers think users are able to use the software they develop

Response Interviewee Total
Involvement of users 1,2,3 3
Trial/Feedback 1,2,20 3
Detailed planning/design /Use of PMP 2,6,8,9,11, 12, 13, 14, 15, 19 10
Testing 3 1
Not specified 4,7 2
Continuous improvement 5,20 2

All necessary requirements ascertained 10, 16, 17, 18 4
/Designed as required

For ensuring users are able to use the software effectively, most interviewees mentioned
their attention to detailed planning, and four simply mentioned their requirements are
ascertained or the software is designed as required. Notably, software testing was only
mentioned by one interviewee, as it seems most were confident that the software they

develop can be used effectively to begin with.

9.2.5 Responses to question 5

Q: How well do you think your software has been able to ensure usability in terms of

how well users are able to to use the software reliably?

Table 38 presents a summary of the key themes that emerged in the responses of the
developers on how well they think users are able to use they software they develop

reliably.
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Table 38: How well developers think users are able to use the software they develop

reliably

Response Interviewee Total
Reliability 1,2,3,4,6,7,8,9, 10, 11, 12, 13, 14, 15, 19

16, 17, 18, 19, 20
Trial/Feedback 1 1
Teamwork 1,20 2
Planning 2,5,6,7,8, 14, 15,18 8
Continuous improvement 5,6,20 3
Efficiency 9 1
Made to work as designed 12,13, 19 3
/Made carefully /As per requirements
Unspecified 17 1
Testing 20

With regard to reliability, all the interviewees appeared to be confident of their ability to
ensure this aspect of usability. It was acknowledged as a very important aspect of usability.
As interviewee 3 remarked, “Reliability is a very important consideration in software
development”. And, as the first interviewee said, “We give high priority to reliability of all
our software”, so reliability is also taken into consideration during the design very highly.
However, for ensuring reliability, the most frequently mentioned point was that this was
achieved through careful planning. As interviewee 7 remarked, “Our planning is very
detailed, so the software is always going to be reliable, otherwise as I said, it would not be
given to the end users.” Other interviewees, such as interviewee 10, also stressed this last

point that they would not release the software until they were sure it worked reliably.

9.2.6 Responses to question 6

Q: How well do you think your software has been able to ensure usability in terms of

how well users are able to to use the software in an engaging manner?

Table 39 presents a summary of the key themes that emerged in the responses of the
developers on how well they think the users able to use the software that they develop in

an engaging manner.
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Table 39: How well developers think users are able to use the software engagingly

Response Interviewee Total
Reliability is more important. 1,2,7,9,10 5
Efficiency is more important. 1,9 2
Feedback /User involvement 1,3,9 10,11 5
Effectiveness is important. 2,57 3
Usability 2 1
Engaging is important to motivate 2 1
Trial 2 1
Focus group 4 1
Engagement is important too. 1,2,5,7,10,12 6
Learning is more important. 6 1
Unspecified 8,13, 14 3

In contrast to the responses for reliability, engagement was not seen as important for
ensuring usability on equal terms, but rather as an additional aspect. This view is reflected,
for instance, in interviewee 10's comment that “Making the software engaging is a concern
we also take into account but not as important 1 would say as reliability” (emphasis
added). No interviewee denied the importance of making software engaging, although

interviewee 6 came close to this position, but they gave it a low priority.

9.2.7 Responses to question 7

Q: How do you test for usability afterwards?

Table 40 presents a summary of the key themes that emerged in the responses of the

developers when asked how they test for usability after the software has been developed.
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Table 40: How developers test for usability afterwards

Response Interviewee Total
You mean after the software is finished? 1,4,8,9, 10,13 6
Testing 1,2,5,6,12,13,14 7
Involving users 1,4 2
Only finish when satisfied/deemed fit 1,3,4,6,7,9, 10,11, 13, 14 10
[Test for usability before release

Trialling 2 1
Survey 2 1
Ongoing testing/improvements 5,9, 12 3
Detailed planning 7 1
Use special software 12 (Morae) 1
Task performance checking 12 1

Asking about testing for usability afterwards was another question that was also asked in
the survey. From the interviews, it appears that this is not a common practice. In fact, many
interviewees had to be prompted to clarify that the question is asking about the method that
is used for testing usability after the completion and release of the software. To this, those
that did test for usability, reiterated they only release software when they are confident it is
completed, thereby implying no need for further testing. Nonetheless, for those that did
engage in some post-development testing of usability, the interviews were not fruitful for
ascertaining which methods were most popular. For this, the survey identified user trials as
by far the most popular method followed by user feedback. Although these are welcome
measures, the only moderate level use of methods such as feature inspection again show a
potential for promoting UgCD. Notably, one specific software was mentioned, namely
Morae. This is a software usability testing tool available in the market, which among other

techniques uses a camera for recording non-screen interactions, and involves a survey?.

9.2.8 Responses to question 8

Q: Are you satisfied with your existing procedures to capture software requirements

for usability design?

Table 41 presents a summary of the key themes that emerged in the responses of the
developers on their satisfaction with their existing procedures for capturing usability

requirements.

2 See http://www.techsmith.com/morae-features.html.
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Table 41: Satisfaction of the developers with their existing procedures for capturing
usability requirements

Item Response Interviewee Total
1 Yes, very much/definitely/certainly. 1,2,5,7,8,11 6
2 Yes. 3,4,6,10,12,13, 14 7
3 Spend a lot of time 1 1
4 Careful planning/gathering of requirements 1,2,3,5,7,8,9,11 8
/Detailed procedures
5 Involve users /users are asked directly 2,3,9 3
6 Software only released after satisfied 4,7 2
7 Good team of developers 6 1
8 Adoption of quality standards 9 1
9 Involvement of management 9 1

In regard to capturing requirements, all the interviewees expressed confidence in their
ability to do so, and most attributed this again to the careful planning or detailed
procedures. As interviewee 1 said, “Yes, we are very satisfied because we spend a lot of
time and we gather the important requirements very carefully...”. As item 1 shows, some
were even very confident to a high degree. Other attributions were to involving users in the
process (item 5), having a good team of developers, adopting quality standards, and

involving management.

9.2.9 Responses to question 9
Q: Do you think there is scope for improving the way software requirements are

captured?

Table 42 presents a summary of the key themes that emerged in the responses of the
developers on whether they think there is scope for improving how software requirements

are captured at present.
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Table 42: Scope perceived by developers for improving how software requirements are

captured
Item |Response Interviewee Total
1 Yes, there is always scope for improvement. 1,4,8,12 4
2 Depends on available time. 1,4 2
3 Maybe/Possibly. 2,10,11 3
4 Spend a lot of time already. 2,8,9 3
5 Yes /Receptive 3 1
6 Depends on investment. 4 1
7 Careful planning/requirements gathering 5,6,7,12,13 5
8 Continuous improvements 6 1
9 Satisfied as it is 7,9,10, 11, 14 5

When asked about the scope for improving the way the requirements are captured, most
interviewees either stated they were satisfied with the way things are, or reiterated the
point about doing careful planning already. On the other hand, as item 1 shows, a few
admitted to there always being scope for improvement and were therefore receptive to

suggestions.

9.2.10 Responses to question 10

Q: Would you be willing to improve this requirements capturing process if it is

possible to do so?

Table 43 presents a summary of the key themes that emerged in the responses of the
developers on whether they would be willing to improve their requirements capturing

process.

158



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Table 43: Whether developers would be willing to improve their requirements capturing

process

Item Response Interviewee Total

1 Yes, willing /Certainly /Why not? 1,3,4 3

2 We should always strive to be more efficient. 1 1

3 Management dictates what we do 2,7,8,11 4
/We would have to ask the management.
Team approval would be needed. 3 1
Already experienced 5 1
/We continuously improve our software.

6 Already satisfied the way things are 6,9, 10,13, 14 5

/No need to add more elements.
/Management unlikely to approve

7 Depends on project at hand 12 1

When asked about their willingness to improve the requirements capturing process, most
interviewees (item 6) again mentioned they were satisfied with the way things are, and
only a few (item 1) showed more willingness to try something else. In those cases in which
there was no receptiveness, a common reason pointed out was the restrictions imposed by
the management (item 3) as they determine what procedures are carried out and any
changes would have to be approved by them. As interviewee 7 made it clear, “Our
management has defined the process very well for us. Personally, I am open to ways for
improvement, but for in-house development, any changes to the existing procedures would

have to be approved.”.

9.2.11 Responses to question 11
Q: Are you aware of Usage-Centred Design and its possibilities for improving

software usability?

Table 44 presents a summary of the key themes that emerged in the responses of the
developers on whether they were aware of UgCD and its possibilities for improving

software usability.
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Table 44: Awareness of UgCD among the developers

Item |Response Interviewee Total
1 No. 1,2,4,5,6,7,8,9, 11, 12
12,13, 14

2 No, don't think so 3,10 2

3 No, but | know there are many methods. 1,2,3,6,9 5

4 We use PMP. 1,57 3

5 We have to follow management's instructions. 1,14 2

6 Satisfied the way things are 2,6 2

7 Heard of User-Centred Design (but not UgCD) 3,4,12 3

8 (Was interested to be briefed about UgCD) 3,912 3

The final question sought to find out if any developer was even aware of UgCD referred to
them as Usage-Centred Design. Importantly, NO developer had heard of UgCD before.
However, some acknowledged there are many methods (item 3), and some reiterated their
satisfaction with the way things are (item 6). Three interviewees pointed out that they had
heard of User-Centred Design (UrCD), but not UgCD (item?7), and only three (item 8) were

interested to learn about UgCD and were therefore briefed about it.

9.3 Summary of interview findings

Interviews were conducted with 20 software developers working in higher education
institutions in Jeddah, Riyadh and Taif. A thematic analysis with the aid of a database
helped identify the most and least common themes present in the interviewee responses,
and the interviews as a whole helped to gain insight into the thoughts of the software

developers to shed light on their developmental practices. Notable findings were that:

* Survey and focus groups are the most popular methods used for eliciting

requirements whereas observation and meeting were least used (Q1).

* Usability is mostly understood as relating to ease-of-use and reliability (Q2).

* Learnability is not considered so much (Q2), although it was affirmed as being
considered by relying on detailed planning, through careful design and by

consulting users (Q3).

* The reliance on detailed and careful planning was reiterated prominently or

otherwise made apparent especially for Q4, Q5, Q8
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Usability is rarely tested post-development (Q7).

Saudi developers are generally content with the current procedures for ensuring
software usability (Q9, 10) and not so willing to try another method for improving
the way requirements are captured (Q10) due to managerial constraints with only a

few exceptions.

Usage-Centred Design was totally unheard of (Q11) although some acknowledge
there are many other methods, and only three (15%) expressed an interest in

learning about it.
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Chapter Ten

The UgCD Trial
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Chapter 10: The UgCD trial

10.1 Introduction

This chapter details the outcome of the UgCD trial that was held as an opportunity to
demonstrate UgCD during the phase of re-capturing requirements for an existing software.
It begins with an outline of the background and context within which the trial took place.
The outcome of the meeting is then described in detail in terms of the users, roles and tasks
that were identified, the focus of the meeting, and the requirements that were captured and
the aspect to which they pertained through comparing the previous and present situation.
This is followed by analysing the measures of completeness and preciseness of the two sets
of requirements, and showing the software changes that were implemented as an outcome

of the trial.

10.2 Background and context

10.2.1 Selection of the institution for the trial

As the interview findings showed, particularly for question 10, most interviewees were
reluctant to try another method to their existing practices. Most in fact were restricted by
the control of their management. From question 10, in the previous chapter, it is evident
that developers had limited control over the implementation of new usability testing as
management and team approval were needed. Another key factor highlighted by the
developers was that they were satisfied with the way in which their current system
operates. Therefore developers 1, 3, 4 and 12 were the key targets of the implementation
trial. The lack of team approval in the case of number3, and the lack of time in the case of
numbers 1 and 4, resulted in the testing of UgCD as part of a project currently being
worked on by Developer number 12. Interviewee 12 agreed to discuss the request with his
team. However, certain conditions were made that restricted the demonstration of UgCD as
originally intended; in its entirety. Details of these limitations are given further below in

10.2.3 Limitations of the trial.

10.2.2 Background and comparisons

As it happened, the developers were working on improving the interface of an online exam

system at the time, so UgCD was applied for this purpose. The system chosen for the
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implementation was therefore an online examination system. This system was developed in
recent years to provide a platform for the teachers to conduct tests and exams by having

students undertake them using an online system.

Prior to the UgCD implementation, the developers had already attempted to make some
improvements, i.e. without UgCD. For this purpose, they relied on the System Usability
Scale (SUS)? and informally consulted some teachers and students, but no meeting was
held. The developers informed the researcher that for the past 3 years, and especially
during the previous 14 months, they had been relying on questionnaires to bring about
improvements. SUS is claimed to provide a “quick and dirty” measure of usability, and the
tool consists of 10 questions, which are answered using a 5-point Likert scale. A copy of
this scale is attached in Appendix M: SUS questionnaire. Based on the feedback gained,
some improvements were therefore already being made by the developers prior to applying
the UgCD methodology using SUS as well as obtaining feedback from teachers and

students in an informal setting.

However, the use of the UgCD helped to assess, for instance, (a) possible further
improvements that could be made to the system (b) efficiency of improvement when
compared to the SUS and the informal feedback. The idea of UgCD was therefore
welcomed as an opportunity to try a different method, and to also consider software
usability whereas previously the concern was mainly with providing functionality. The
developers also pointed out that the improvement process had been slow using
questionnaires, that the development mainly involved adding, remove or returning features,

and that the software had become very large and complex over time.

In the analysis that follows, two comparisons were made for UgCD. The list of
requirements captured through UgCD was first compared with the occasion when the
requirements were originally captured at the time of construction. It was then also
compared with the above-mentioned occasion when an attempt was made to improve the
interface without using UgCD. These three occasions are referred hereinafter as T1, T2,

and T3, as follows:

* T1 — Capture of software requirements at the time of construction of the original

system

3 Available at http://www.usability.gov/how-to-and-tools/methods/system-usability-
scale.html.
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* T2 — Attempt to capture software requirements to improve the interface prior to the

UgCD implementation (using SUS)

* T3 — Capture of software requirements to improve the interface during a meeting

under a UgCD implementation guided by the researcher

10.2.3 Limitations of the trial

The UgCD methodology was trialled for recapturing requirements in a restrictive and
controlled way than originally hoped for, at a higher education institution in Saudi Arabia
that prefers to remain anonymous. The implementation of the trial was limited in the

following main ways relating to the researcher and software users:

* Researcher: The researcher could not be present in person due to cultural
restrictions that demand strict gender segregation, so instructions were given to and

carried out by the team of developers who are all males.

» Software users: A few teachers were present in the meeting, but not students (who

were consulted through questionnaires instead).

* Time constraints: The implementation was restricted to a single meeting, so there

was only one iteration without any further refinement of the requirements.

The fact that students were not involved in the process was a major deficiency. It was not
only that it was deemed to be inconvenient to arrange to include students in the meeting,
but some disagreement was also expressed by some developers who believed it to be
unnecessary to involve students in a meeting. They were reluctant to do so, so permission
to involve students was not therefore granted. This is despite pointing out the importance
of involving students as they are likely to be the main and arguably the most important
users of the software, and that this would be in line with the approach of student-centred
learning. Previously, the development team was accustomed to only involving students in
so far as gathering their feedback after completion of development for possible future
improvements. Although it was not permitted to involve any students during the meeting,

the participation of teachers was permitted.

Also, the cultural restriction of strict gender segregation limited the way in which the trial
was actually carried out. The researcher was not permitted to be present openly during the

trial because all of the developers in the team were males. Instructions had to be given

165



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

instead on what to do, and how to carry out the requirements gathering, which was done by
the regular development team without active involvement of the researcher. Extracts from
the relevant portions of this thesis were given for the purpose. The researcher did also keep
in touch during the implementation, and provided inputs on the process as required and in

order to clarify the process.

Due to the fact that the software had already been developed, the requirements were
recaptured rather than captured anew, i.e. for an existing rather than a new software for the
purpose of improving it. And, the time constraints meant that only a single iteration for
recapturing requirements was made during the single meeting that was held, so there were
no further refinement of the requirements as required under UgCD. The lack of time was
also associated with the need to launch the improved interface in the current academic year
ready for students to use. There was also a related budget constraint, which contributed to
the face that only a single meeting could be held, and a single iteration made. The
developers also pointed out they had limited time to update the user guides for the new

interface.

10.2.4 Context of the trial

Although the researcher advised on how to implement UgCD, the process itself was carried
out by the regular development team with some modifications, which were outlined above.
The way each main instruction given was actually implemented is described in Table 45.
The development team comprises of 3 programmers, a designer and graphics artist, and an

additional technical assistant. All five of them were present during the implementation.

Table 45: Differences between the instructions and the implementation

Instruction (as defined by UgCD) How UgCD was actually implemented

Identify users, roles and tasks. The participants made a detailed
assessment of the users, their roles and
tasks.

Modelling of task cases. Task modelling was undertaken by a
single developer.

Agenda prepared jointly in advance. No agenda was prepared in advance.

To share the model with users for A formal meeting was held between

feedback. developers and teachers (not students)

who were asked for their feedback.
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Focus on usability characteristics At every stage of the implementation,

throughout. the usability characteristics were kept in
focus.

To arrange an initial face-to-face An initial face-to-face meeting was

meeting arranged and held between the
developers and the (teacher) users.

To hold frequent meetings. Only one meeting session was held.

To hold frequent consultations No further consultations were reported.

The fact that the trial consisted of only a single session, and there were no further
consultations, meant that none of the further techniques were applied such as making
sharply focused enquiries, follow-on investigations, observations or surveys. Also, no
agenda was prepared in advance. A pre-prepared agenda is important because it would
have provided the context necessary to facilitate the collaboration. The extent of
collaboration was therefore very limited, and the process was more formal and shorter than
advised. During the meeting, there was evidence however, of some brainstorming and open

interaction and discussion between the developers and teachers.

With reference to the stages identified of the requirements gathering and analysis process
outlined in Table 19, only the first stages were carried out, i.e.: (1) role/task identification,
(2) task modelling, and (3) requirements capturing. The remaining two stages, namely (4)
requirements testing, and (5) requirements refinement were unable to be carried out.
Requirements testing (stage 4) would have required more iterations and therefore more
time whereas only one iteration of the requirements recapturing process could be carried
out. As for the final stage (5), this would have required further consultations and meetings,
which again was not possible due to time constraints. The implementation therefore had to
be restricted to a single meeting, and there were no further opportunities provided to users
for mutual exploration and negotiation, as is required under UgCD beyond the initial

meeting.

In UgCD, the purpose of the face-to-face meetings, ongoing consultations, and discussions
is to gather information, build the model of task cases, explore and negotiate, and to then
approve and validate the requirements gathered. If this has been an ideal implementation of
UgCD for capturing the requirements, then all of the aforementioned procedures would
have been carried out, as also indicated in the left column in Table 45. Nonetheless, the

outcome of the meeting, despite the constraints, is described in the subsequent subsection.
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10.3 Meeting for recapturing requirements

10.3.1 Identification of users, roles and tasks

The meeting was focused on finding ways to improve the interface of the online exam
system at a higher education institution used by its students, which was the current project
being worked on. As mentioned previously, the attendees of the meeting comprised only of
developers and some teachers although the interface being redesigned was mainly used by
students. The initial phase of UgCD implementation helped to identify the users of the
exam system as developers, administrators, teachers and students whose roles were

identified as follows:

* Developers — Their roles are to devise the system and to provide guides for

administrators and other users for using it.

* Administrators — Their roles are to monitor the system and support other users

(teachers and students) in case of any problems.

* Teachers — Their roles are to create or prepare exams for the students to take, and to

then mark the exams once they are taken by the students.

¢ Students — Their role is to take the online exam.

Although there are also other stakeholders, such as the university management, software
testers and exam controllers, the study was limited to the main end-users, namely teachers
and students, who can be seen as the main stakeholders for whom the software has been
designed and who are in a position to derive the most benefit from it. Under each role,
which are two for each user (except students who have one role), there are between 2 and 5
categories of tasks, which are listed in Table 46 below. The UgCD notation used for

modelling the activities is attached in Appendix P: UgCD artefacts used during the trial.
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Table 46: Identified uses, roles and tasks

User

Role

Task

Developer

Devise exam
system

Ascertain user needs/requirements

Design and develop system

Test for user acceptance of the system

Monitor and improve system based on user feedback

Guide
administrators

Maintain updated user guides to provide information
on system, its use and steps for troubleshooting

Demonstrate use of the system

Respond to enquiries from teachers/students
regarding use of the system

Coordinate with developers with respect to making
changes based on usability requirements

Administrat
or

Monitor exam
system

Check for uptime/reliability

Check for cheating

Check for use

Support users

Provide technical support to teachers

Provide technical support to students

Provide user feedback to development team

Teacher

Devise/Check
exam

Log in/out

Input questions

Set order of questions

Test exam

Mark exam

Check answers/responses

Work out score

Conduct analysis

Share student scores with administrators to compute
overall results and monitor standards

Prepare report

Student

Take exam

Log in/out

Read/Answer question

Watch remaining time

Check own results online

The key end-users of interest

students, the flow of tasks in

here are teachers and especially students. In the case of

this system comprises of 11 sub-tasks, and as there are
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similarities with the role of devising exams for teachers (comprising of 10 sub-tasks), both

are illustrated side by side in Figure 34.

Figure 34: Flow of tasks in the online EMES exam system at KAU for teachers (right)
and students (left)

1. Log in to exam system 1. Log in to exam system
I I
2. Ensure particulars are correct 2. Ensure particulars are correct
I I
3. Start the exam 3. Specify the exam
I I
4. Read the question -l — 4. Enter the question - —

I I

5. Read the possible answers 5. Enter the possible answers
I I

6. Decide on correct answer 6. Specify the correct answer

7. Mark the correct answer

8. Go to next question > 7. Go to next question >
9. Keep an eye on remaining time 8. Set order of questions
10. Stop the exam 9. Test the exam
I I
11. Log out of the system 10. Log out of the system

As already noted, students themselves were not present at the meeting so their role and
tasks were identified by the developers and teachers who were present. In the case of
teachers as end-users, they have two distinct set of tasks, which are to prepare the exams in
the first place, and then after students have taken those exams, to mark their exams. The

actual scoring is of course done automatically by the exam system, but the role of the
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teachers in marking is to check the scores, interpret the analysis, and to generate the reports

for each of their students through using the interface.

Previously, such an extensive list of users, roles and tasks had not been made, so UgCD, in
which this process is an integral part of the overall UgCD methodology (Figure 18),
proved to be very helpful in being clear about these. In particular, it also helped in later
gathering the requirements because in so doing, the meeting participants were able to focus
on requirements pertaining to each user, role and task. Moreover, by involving users in the
development process, it became possible for the developers to better understand their
requirements, and to prioritise their development work based on those identified user

requirements.

Figure 35 below illustrates the interaction that took place between the important
stakeholders, their prioritised needs, and their ability to convey those needs to the
developers of the system. Notably however, although the administrators and teachers have
a direct channel to convey their requirements to the developers, there is no such direct
channel available at present for students other than the indirect feedback given through the

SUS questionnaire.

Figure 35: Links between user requirements and communication channels to developers

Primary requirement
Developing the exam and
marking the exam

Primary requirement
Taking the exams with

ease Develop

er needs

Administ
rator
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10.3.2 Focus of meeting

The meeting was carried out among representatives of administrators and teachers as the
users and stakeholders besides the team of developers. The administrators were senior
teachers, and there were 11 of them altogether. The development team had five members,
so there were 16 meeting participants in total. Throughout the meeting, a focus was
maintained on usability by firstly briefing the meeting participants about UgCD and the
aim of the meeting, which was to improve the usability of the interface, and being

concerned through with the specific chosen aspects of usability.

It was pointed out that there were no procedural difficulties with the existing system as the
students were already able to successfully carry out their tasks. In recent months, feedback
from students showed that students had no negative views of the system based on the SUS
tool and procedural parameters. However, they did indicate a need for more user friendly
features in the interface, and for improvements to be made to the efficiency of the system
to make it be more responsive and quicker to operate. The developers also pointed out that
students recommended a better help system for dealing with potential problems. These

points were reflected upon during the meeting.

The attention during the meeting was therefore on finding ways to especially improve the
system in three main ways: (1) to improve the efficiency of certain operations, (2) to
enhance the look of the student interface to make it easier to use for students, and (3) to
ensure the use of the system can be learned quickly by its users. In terms of usability
therefore, the focus was especially on the aspects of learnability, efficiency and user
satisfaction in terms of aesthetics of the design. Learnability and efficiency in this case
were important because they concerned how well the students are able to identify the key
elements of the interface and learn to use it quickly, which are especially important issues

for students using the system for the first time.

This contrast in the previous and new areas of focus (and neglect or less attention) is
highlighted in the table below. It presents a comparison of the two areas that were being
focused on or neglected during the pre-UgCD phase and during the UgCD implementation.
It is evident that the initial focus was on providing the necessary functionality and
reliability to obtain a working piece of software without resulting in any errors or delays.
However, little or no attention was given and no substantial efforts were made to work on

aspects related to aesthetics of the design, on enabling students to easily understand and
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learn to use the system, or to user satisfaction in general. In contrast, the new set of
usability requirements did not delve too much on reliability, as it was generally satisfactory
although some efficiency related recommendations were made. Moreover, the focus was

on improving learnability and attractiveness of the interface.

Table 47: Main areas of focus and neglect in the previous and new set of usability

requirements
Previous usability requirements New usability requirements
Main areas of -Providing the necessary functionality |-Improving learnability
focus and reliability -lImproving visual clarity
-lImproving attractiveness
Main areas of -Attractiveness or user satisfaction -Efficiency and reliability (as these
neglect (or less were considered adequate already)
attention)

10.3.3 Identification of aspects and requirements

Problem areas, aspects and elements

The assessment of the needs of students was largely gathered from indirect feedback rather
than through face-to-face consultation. The requirements for students to carry out the
aforementioned tasks could not therefore be identified strictly as per the guidelines issued
by the researcher, so it was not possible to test for completeness and preciseness of the
usability requirements as originally intended. Instead, the brief meeting enabled the
teachers to point out what they perceived to be possible areas that could be worked on to
improve the interface. The discussion between the attendees resulted in identifying the

following problems with the old interface:

1. There were no icons to help identify important elements quickly. Instead, the
teachers and students had to rely on hyperlinks to identify the necessary elements

and click on the same.

2. The font used was a bit too small to read easily. Teachers felt that setting the exam

questions and formatting the same was difficult.

3. There was little use of colour which made the old interface look unattractive. No
efforts were made to differentiate between questions, page elements, and queries, or

troubleshooting tools.
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4. The interface was used for a timed test, but the remaining time indication was not
prominent. This was a key complaint made by students, and administrators were
aware that some students were unable to keep track of time whilst taking the exam

under time pressure.

The following are the specific usability requirements that were identified by the attendees

of the meeting:

* Learnability aspects: Improve learnability by highlighting important elements
through the use of colour, making the text bold, and by using icons so that the

elements can be identified quickly, especially the remaining time indication.

* Readability (visual clarity) aspects: Make the important text more readable at a

comfortable distance by increasing its size and using a clear font.

* Attractiveness (user satisfaction) aspects: Make the whole interface look more

attractive by using different colours as the old interface looked too bland and dull.

The developers did not have a copy of the old set of requirements, but they recalled that
they mostly related to ensuring basic functionality and reliability of the software. As
pointed out, the main aim was to simply and quickly develop a working piece of software
that could be used to administer their exam system online without any 'bells and whistles'.
None of the above usability requirements, which deal with making usability improvements
mostly related to aesthetics, were mentioned in the old list, so in terms of completeness
with regard to usability requirements, the new list is more comprehensive. The old set of

requirements included the following important elements:

* Information/Display:

* The type of test and student's particulars must be clearly displayed so that

the user knows it is the right test.
* Display: Boxes to display the question and the answer options clearly.
*  Number of questions and amount of time remaining.

* Navigation: User must be able to move easily and quickly to the next question.
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List of captured requirements

In Table 48, all the known previously and newly identified requirements are listed under
each selected usability aspect and in a way that shows a contrast between the two. In
addition, this includes functionality as another set of essential requirements given that
previously the focus was mainly on this type of requirement rather than on usability. The
usability requirements are grouped under the five selected types of usability requirements,
namely learnability, rememberability, efficiency, reliability and user satisfaction (as
specified in 1.5 Research questions and hypotheses). In the case of functional
requirements, they are further subdivided according to whether they pertain to teachers or
students, and for brevity only those requirements of relevance to these two categories of

users are listed.

As mentioned earlier, the comparison shows that the focus during the recent phase of
modifications (during which UgCD was applied) was on improving usability in terms of
learnability, rememberability and user satisfaction. It seems the developers and teachers are
satisfied with the reliability and efficiency of the system as it is and did not feel the need to
make any further improvements in this area, at least for the time being. Notably, there are
no overlapping requirements, i.e. no requirements that were specified both previously and
repeated again. This may be because of the attention to the other requirements or a genuine
satisfaction with the way those requirements were implemented when they were first
specified. In short, whereas previously the requirements dealt with ensuring basic
functionality, reliability, and efficiency, UgCD helped to bring about improvements in the

more cognitive and aesthetic aspects of software design.

Table 48: List of requirements pre- and post-UgCD

Aspect Specific requirement T1 (Old) | T2 T3 (New)
(Original) | (Without |(Under
UgCD) ([UgCD)

Functional Requirements

Functionalit | Display type of exam. v

y for

teachers Display teacher's particulars. v
Display area for entering question. v
Display area for entering answer options. 4
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Aspect Specific requirement T1 (Old) (T2 T3 (New)
(Original) | (Without [(Under
UgCD) |UgCD)

Display number of question. v
Allow to copy-paste question from another v v/
document instead of having to type it.
Allow to print out the questions entered. v/ v/
Allow a 'print screen’ function. v v
Allow teachers to conduct a trial of the exam made v v
for testing.
Allow for questions to be categorised by different v/ v/
types
The feedback report should contain more detailed 4
analysis to identify students' weaknesses.
They system should be capable of aggregating v
responses to describe patterns.
Allow to specify the exam date and not let students 4
change it.

Functionalit | Display type of exam. v

y for

students Display student's particulars. v/
Display question. v
Display answer options. 4
Display number of question. v
Display number of questions remaining. v
Display time remaining. v/
Password login for students needing to change to v
another computer desk
Include essay type questions v

Usability Requirements

Reliability [Students should be able to undertake the exam v 4
without any problems.
Perform sound check to make sure sound is v
working prior to starting exam.

Learnability |Highlight important elements using colour. v
Highlight important elements using bold text. v v/
Increase font size of main heading. v v
Use another clearer and larger font. v/
The help system (for teachers and also students) 4
should be made context-aware instead of
presenting the list of contents.
Develop a simple user documentation for students 4 4

so they can be prepared before the exam.
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Aspect Specific requirement T1 (Old) | T2 T3 (New)
(Original) | (Without |(Under
UgCD) ([UgCD)

Make log in and log out screens in both English and v
Arabic
Remember |Use icons to represent elements for ease of v
ability identification.
Represent the time remaining information using a v
timer.
Display photo of student v v
Efficiency in | Provide navigation system for moving to the next v
Use question.
Allow students to quickly jump to another question v 4

without having to go through the back/next buttons.

Allow the keyboard navigation and tab keys to be v
used by students to quickly navigate the interface
without having to rely on the mouse.

Reduce the number of clicks required in the 4
teacher's interface (currently 5) to get to a particular
student's previous exam record.

User Make interface more colourful using different 4
Satisfaction |colours.

Suggestions for improved functionality

As regards functionality, the inclusion of functional requirements was not originally
intended to be written, as the focus of the study is on usability requirements. But the
requirements that were functional make up a large proportion of the total, and several new
functional requirements were captured, so they are also listed in the above table separately
from the usability requirements. There is a notable difference in the way functional
requirements were captured previously and presently. Previously, they were captured for
both teachers and students, but this time new functional requirements were only captured
for teachers and no more were captured for students. This suggests there is a general

satisfaction with the functionality of the student side of the system.

A few new functional requirements were specified for the teachers side in order to make
further improvements for and by the teachers themselves. For instance, the teachers
requested to be able to copy-paste questions from another document into the exam system
instead of having to type it, to all questions and the whole screen to be printed, to be able
to categorise the questions, for the system to provide automatic greater feedback, such as to

identify potential academic weaknesses in students, and by aggregating responses to give
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an overall picture, and to all teachers to specify the exam date and not allow students to
change it. Another key functionality that was suggested was the ability to share the reports
generated with the administrative office without having to use any additional software.
Similarly, it was felt that being able to share the overall aggregated exam scores within the
department would help to monitor student performance as a whole and target areas of

learning that were indicated as common weaknesses.

One important new functionality requested for students was to expand the capability of the
existing password login feature so as to allow students to change to another computer desk
in case they needed to do so. It may be true that if students were present at the meeting
then further new functionality requirements would have been specified by them and for

themselves. Previously, the students requirements were specified by the developers.

10.4 Completeness and preciseness of the captured requirements

10.4.1 Number of requirements

Table 48 above gave a complete list of the captured requirements, and it is apparent that the
range of functionality and usability requirements are mutually exclusive between the two
(previous and new) phases. The total number of requirements in this table are summarised
with a breakdown by type/aspect in Table 49, and illustrated in the bar chart in Figure 36
below. Altogether, 25 requirements were captured at the UgCD meeting, which compares
with 14 previously when the interface was constructed, and 11 when the improvement
attempt was made without UgCD. This gives a total of 39 requirements although the
previous (T1) list as given may not be exhaustive, as the requirements pertained to all the
essential requirements identified originally to construct the interface whereas the new lists

(T2 and T3) pertain to improvements.

Table 49: Breakdown of captured requirements

Type of Aspect of Number of requirements Total
requirement functionality (T1 at construction, T2-3 at improvement) distinct
lusability T T2 T3 requirements
Functionality [Functionality for teachers 5 5 8 13
Functionality for students 7 0 2 9
Usability Reliability 1 1 1 2
Learnability 0 3 7 7
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Type of Aspect of Number of requirements Total
requirement functionality (T1 at construction, T2-3 at improvement) distinct
lusability T T2 T3 requirements
Rememberability 0 1
Efficiency 1 1 3 4
User satisfaction 0 0 1
Total number of requirements 14 11 25 39
Number of usability requirements 2 6 15 17
Figure 36: Number of captured requirements
Number of captured requirements
o 1 2 3 4 5 6 7 8 9
Functionality for teachers 5 8
o I 7
Functionality for students O 5
=i
2 N
|5 Reliability % H Original (T1)
% 0 ® Without UgCD (T2)
- ility i
= Learnability 3 ; With UgCD (T3)
g
== o0
Rememberability Il 1 3
1
Efficiency in use - 1 3

0
User satisfaction O

Number of requirements

10.4.2 Measures of R1, R2 and R3

With reference to the categories R1, R2 and R3 specified in 6.7.2 Adopted measures, the

number of usability requirements under each of these categories are as follows:

* R1 (Usability requirements captured under UgCD but not captured already): all

requirements related to learnability, rememberability and user satisfaction (15

specified for T1-T3, and 10 for T2-T3)).
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* R2 (Usability requirements captured before but not under UgCD): all requirements

related to functionality, reliability and efficiency in use (2 specified for T1-T3, and

1 for T2-T3).

* R3 (Usability requirements captured by both methods): none (empty set) for T1-T3,
and 5 for T2-T3.

Table 50: Summary of R values for comparisons of T1-T3 and T2-T3

R Description (for usability requirements) R value
T1vs T3 T2 vs T3
R1 Captured under UgCD, but not originally or without UgCD 15 10
R2 Captured originally or without UgCD, but not under UgCD 2 1
R3 Captured on both occasions 0 5

Besides the above defined values for R1, R2, and R3, it may also be noted that one
requirement was capturing during T1 and T2, but not T3, and that no requirements were
captured on all three occasions (at least not as per the finalised list of usability
requirements in Table 48). This information for all the possible defined and non-defined R
values is illustrated in the Venn diagram in Figure 37 below. The dotted line separates the

two sets of R values for the two T1-T3 and T2-T3 comparisons.
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Figure 37: All defined and non-defined R values for T1 to T3
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R values for the T1-T3 comparison

In the T1-T3 comparison, the actual number of requirements in R1 and R2 are not so
important because as mentioned earlier, the first set of requirements are focused
exclusively on ensuring reliability and efficiency (as well as satisfying basic functionality).
The efficiency of operations is considered to be moderately effective by the users, so no
major attention was paid to those aspects. There was no attention apparently on other
important usability aspects either, namely learnability, rememberability, and user
satisfaction, which suggests there may have been a narrow understanding of what usability
entails or that the concept of usability itself was either not properly understood or given
enough importance during the conceptualisation process as well as during the process of
development. At the same time however, the new list of requirements is focused
exclusively on these other aforementioned usability aspects. However, this seems to be due
to satisfaction with the existing functionality and reliability of the software generally, as
was expressed by the teachers during the meeting. In other words, the exam system is
considered to be working well as it was (prior to the UgCD trial), so the meeting was used
as an opportunity to mainly find ways of working to enhance the system in these other

aspects.
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R values for the T2-T3 comparison

Similarly, in the T2-T3 comparison, the high figure of 10 for R1 suggests UgCD also
enabled a better capture of requirements in comparison with the period prior to the UgCD
implementation for improving the usability of the software. Notably, the developers were
relying on usability questionnaires for feedback previously whereas UgCD provided a
complete methodology for improving usability. It is also to be noted that R2 = 1 and R3 =
5, so with one exception, all five other requirements capturing during T2 were recaptured
during T3. The exception was the imprecisely worded reliability requirement of students
being “able to undertake the exam without any problems”. Under the focus provided by
UgCD, the meeting participants were able to not only be precise in identifying sound
problems to occur the most, but also to come up with the idea of making the software
perform a check to make sure the sound is working before letting students start the exam.
So again, the R2 figure is of no consequence here either. As for R3 being 5, this was

expected as the developers already had in mind to make those changes.

10.4.3 Completeness and preciseness ratings

Table 51 presents the completeness and preciseness ratings for each usability aspect or
requirement, and for each of the three occasions (T1 to T3), which are then compared in
the subsequent subsections. The completeness values were also given in Table 49, and the

preciseness ratings are given in the final column for each requirement.

Table 51: Completeness and preciseness ratings of the usability requirements (T1-T3)

Aspec | Specific requirement T1 T2 T3 Compl |Precis
t (original | (Pre- (Under |ete e
capture) [UgCD) [UgCD) |-ness |-ness
rating |rating

Usability Requirements

Reliab | Students should be able to undertake the v v T1:1 |3

ility exam without any problems. T2:1
Perform sound check to make sure sound is v T3l 1
working prior to starting exam.

Learn |Highlight important elements using colour. v T1:0 |2

ability [ . - : T2:3
Highlight important elements using bold text. v v 137 |2
Increase font size of main heading. v v 1
Use another clearer and larger font. v 1
The help system (for teachers and also v/ 1

students) should be made context-aware
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Aspec | Specific requirement T1 T2 T3 Compl |Precis
t (original | (Pre- (Under |ete e
capture) |UgCD) (UgCD) |-ness [-ness
rating [rating
instead of presenting the list of contents.
Develop a simple user documentation for v/ 4 1
students so they can be prepared before the
exam.
Make log in and log out screens in both v 1
English and Arabic
Reme |Use icons to represent elements for ease of v T1:0 |1
mbera |identification. T2:1
bility Represent the time remaining information v T3:3 1
using a timer.
Display photo of student v 4 1
Efficie | Provide navigation system for moving to the v/ T1:1 |1
ncy in |next question. T2:1
Use Allow students to quickly jump to another v/ 4 T3:3 1
guestion without having to go through the
back/next buttons.
Allow the keyboard navigation and tab keys v 1
to be used by students to quickly navigate the
interface without having to rely on the mouse.
Reduce the number of clicks required in the v 1
teacher's interface (currently 5) to get to a
particular student's previous exam record.
User |Make interface more colourful using different v T1:0 |1
Satisf |[colours. T2:0
action T3:1
Total 2 6 15 T1:2 |T1:4
T2:6 ([T2:9
T3:15 (T3:17

10.4.4 Indications of completeness

A key determining factor for completeness is the measure for R1 relative to R2.

Completeness of requirements captured during T3 relative to T1

In the T1-T3 comparison, the fact that R1 is much greater than R2 (15 compared with 2)

indicates that as far as completeness is concerned, UgCD has definitely enabled a better

capture of usability requirements. The C values for the old (C1) and new (C2)

completeness rating totals happened to correspond exactly with R2 and R1 respectively in

this case due to the mutual exclusivity of the captured requirements. The completeness

ratings for each aspect of usability were given in Table 51 above. The improvement in this
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case was more than seven-fold (factor is 7.5 or 750%).
R1 =R2 x 7.5 (specifically, C2 = C1 x 7.5) [T1-T2]

The fact that learnability, rememberability and user satisfaction were not considered
previously suggests that the initial list of requirements was lacking. And, the importance
attached to these aspects and to the whole concept of usability itself during the UgCD trial
suggests that the new set of requirements are more complete in terms of their inclusion of
usability aspects, and coverage through specifications of requirements. The UgCD trial
therefore made the developers think more widely about usability in terms of not only basic
technical aspects of designing software, but also aspects related to the cognitive domain
(learnability and rememberability) and aesthetical appeal (user satisfaction). And, the new
list can be regarded as more comprehensive and complete despite this being an

improvement to existing software instead of a recreation.

Completeness of requirements captured during T3 relative to T2

The second comparison was to measure how much more completely UgCD was able to
capture requirements compared to the previous state when usability questionnaires had
begun to be used. The T2-T3 comparison also confirms the superiority of UgCD, as the
increase in the number of captured requirements was from 6 to 15, of which 5 (R3) were
captured on both occasions. The one requirement (R2) that was captured without UgCD,
but not under UgCD is a vague requirement (Ensure students can take exams without any
problems) whereas UgCD helped to be more precise about the likely situations. UgCD
helped to capture 2.5 times (or 250%) more usability requirements than the previous
method while the attempt was being made to improve the interface, so the formula in this

case is:

C2=C1x25 [T2-T3]

10.4.5 Indications of preciseness

As for preciseness of the captured usability requirements, the expert opinion was that the
new list of requirements were framed precisely. The main expert who made the ratings was
the leading developer of the software development team who also consulted his other team
members before presenting the ratings. That is, all the requirements were expressed clearly
and without any ambiguity. As per the ratings defined in 6.7.2 Adopted measures, which

range from 1 (very explicit) to 4 (too vague), all the new requirements were rated as either
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1 (explicit) or 2 (reasonably clear), so none of them were rated as 3 (not so clear) or 4 (too
vague). The rating given for each requirement specification is stated in the final column of
Table 51 above. Those that were rated 2 were the first two items under the learnability
aspect: 'Highlight important elements using..." It was suggested to specify exactly which

elements are considered to be important that should be highlighted.

Preciseness of requirements captured during T3 relative to T1

Of the old requirements, the description given for the reliability aspect was considered to
be not clear, as the problems were not specified, and was therefore given a rating of 3.
Without being able to compare this the old set of requirements thoroughly, and the fact that
there are only two old usability requirements to compare with, it cannot be claimed for
certain that UgCD has enabled the requirements to be expressed more precisely.
Nonetheless, an estimation was made of the two measures of preciseness pertaining to the

old (P1) and new (P2) set of requirements.
T1-P1: Total 4 for the 2 captured requirements
P2: Total 17 for the 15 captured requirements

It is to be noted that a lower rating indicates a higher degree of preciseness, and vice versa.
If the total rating (which ranges from 1 to 4) is divided by the total number of captured
requirements, then the range of possible values for preciseness is from 1 (most precise) to 4
(least precise). On this scale, the value for P1 is 2 and for P2 is 1.13, so P2 is less than P1
(P2 < P1), so P2 has a higher preciseness rating than P1. This indicates that, in terms of
preciseness, there has been an improvement. The exact extent of improvement is 43% (to

the nearest percentage) calculated as follows:

Gain from T1-P1 =2to P2 = 1.13 = (2-1.13) / 2 = 0.433 (or 43%) [T1-T3]

Preciseness of requirements captured during T3 relative to T2

For the T2-T3 comparison, it is apparent that the difference in preciseness is smaller as five
of the six requirements were mutually captured and have the same preciseness ratings.
However, the vagueness of the first reliability requirement (when UgCD was not applied)
shows that UgCD helped to be more precise and to avoid being imprecise. The P values in

this case are:

T2-P1: Total 9 for the 6 captured requirements (value of 1.5)
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P2: Total 17 for the 15 captured requirements (value of 1.13)

The improvement from P1 to P2 in this case, is 24% to the nearest percentage calculated as

follows:

Gain from T2-P1 = 1.5 to P2 = 1.13 = (1.5-1.13) / 1.5 = 0.244 (or 24%)  [T2-T3]

10.4.6 Completeness and preciseness of specific usability aspects

Table 52 summarises the totals of the completeness and preciseness ratings and the P
values for preciseness, for each usability aspect. For the T1-T3 comparisons, the totals for
the completeness ratings show that C2 (15) > C1 (2), suggesting a 7.5 fold increase in the
level of completeness in terms of usability. Even in the second (T2-T3) comparison, there
was a 2.5 fold increase in the measure of completeness. The above figures also confirm the
observation that the improvement was most pronounced in terms of learnability (there
being 7 captured learnability related requirements compared with 0 originally and 3
previously). The T2-T3 comparison showed that some reliability, learnability,
rememberability and efficiency requirements were able to captured without UgCD, but
UgCD excelled particularly in helping to capture requirements more directly related to user

satisfaction.

The preciseness ratings for individual aspects show that the P2 values range between 1 and
1.29 (with the overall being 1.13), and that these are highest for reliability,
rememberability. Efficiency, and user satisfaction. This compares with the range of 1 to 3
for T1-P1 with an overall value of 2, and the same range for T2-P1 but with a lower overall
value of 1.5. The greatest improvements in preciseness appear to have been made for the

first two aspects, namely reliability and learnability.
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Table 52: Completeness and preciseness ratings for each usability aspect (T1-T3)

Aspect Number of Preciseness rating P values*

requirements totals (total preciseness /

or Completeness rating completeness)

totals

T1 T2 T3 T1 T2 T3 T1 T2 T3

(UgCD) (UgCD) (UgCD)

Reliability 1 1 1 3 3 1 3 3 1
Learnability 0 3 7 0 4 9 - 1.33 1.29
Rememberability |0 1 3 0 1 3 - 1 1
Efficiency 1 1 3 1 1 3 1 1 1
User satisfaction |0 0 1 0 0 1 - - 1
Overall total or P |2 6 15 4 9 17 2 15 1.13
value (T1C1) [(T2C1) |(T3C2) |(for T1) | (for T2) [(for T3) [(T1P1) |(T2P1) |(T3P2)

*[ower is better (closer to 1).

10.5 Summary of the UgCD trial

A limited implementation of UgCD was made at one higher education institution that only
involved teachers as the software users (so not students), did not allow for the researcher to
be physically present, and was restricted to only a single meeting. The researcher could not
therefore be actively involved during the UgCD trial, which was due to cultural
restrictions, and which itself was limited in the way that UgCD was applied given that the
implementation was confined to a single meeting. In terms of the proposed UgCD
framework, this means that only the first three stages for gathering requirements were able
to be carried out, and there were no subsequent meetings for any further consultations to
refine the requirements. Also, the requirements were captured during this meeting for
improving an existing piece of software rather than for creating a new one or for re-

creating it.

Despite these aforementioned restrictions and limitations, the developers were guided as to
how to apply UgCD and focus on improving usability, especially with respect to
conducting the meeting. The software was an online exam system being used at KAU, and
requirements were captured for improving the usability of its interface. The main users of
the software are students who use it to take their exams online and teachers who check the
progress of their students. The flow of tasks is illustrated in Figure 34. The users, their

roles and tasks were therefore successfully identified.

Notably, whereas previously the requirements that were gathered pertained to functionality,
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reliability and efficiency, under UgCD the attendees were able to come up with several
new requirements relating to learnability and user satisfaction. UgCD therefore helped
those present in the meeting to focus on usability concerns in a wider context that included
aspects related to learnability, efficiency and user satisfaction. This was in contrast to the
focus when the initial requirements were previously captured, which were narrowly
concerned with only providing the necessary functionality and ensuring reliability (Table
47, Table 48). Notably, the implementation of UgCD enabled a 7.5-fold increase in terms
of completeness and 43% improvement in terms of preciseness compared with the original
capture at the time of construction, and a 2.5 gain in completeness and 24% improvement
in preciseness compared to the attempt to make improvements prior to UgCD using

usability questionnaires.

The newly captured requirements were therefore more complete than before as they
covered aspects that had not been previously considered. The quality of preciseness was
also satisfactory but the lack of previous data (only 2 usability requirements captured
previously) for comparison did not enable stating with certainty whether UgCD enabled an

improvement in this area or not.
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Chapter Eleven

Post-UgCD Trial
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Chapter 11: Post-UgCD trial

11.1 Introduction

This chapter reports on the third phase of the study, i.e. the post-UgCD trial phase
following the demonstration of UgCD at the selected institution. It reports on the software
changes implemented, especially in terms of the changes made to the interface, the
suggestions given, and the developers' own future development plans. It also presents the
results of the post-UgCD trial survey with the meeting participants, and the findings of the
interview with the leading developer. The suggestions were given for making further
improvements in the usability of the interface. An image of the old interface is shown in

Figure 38, and of the new interface in Figure 39 and Figure 40.

11.2 Software changes implemented

As a result of the meeting, some changes to the software were made, but not all
suggestions that were made at the meeting were taken on board by the developers. The
reasons were not made clear, but it seemed to be due to time constraints, priorities of other
projects, and managerial restrictions. Nonetheless, the developers acknowledged that the
UgCD methodology helped them to be more focused on the usability aspects and thereby
bring about certain improvements to make the interface more usable, especially in terms of
make it easier to use and a little more appealing. A developer remarked that knowledge of
UgCD helped to raise greater awareness of usability in a more comprehensive sense and
more thoroughly than before, and that its implementation had a big impact through making
all who were present at the meeting focus intensely on usability and gathering
requirements around the idea of helping users to accomplish essential tasks. Also, that it
had a much greater impact for improving the interface than their previous attempt, which

in comparison lacked the kind of clarity and focus that UgCD enabled them to have.

The EMES online exam system in use at the institution has 3 interfaces for students. The
first interface is the log in screen, the second is the main exam screen, and the third is the

end of exam screen. These screens appear as follows:

» First screen — log in screen, which appears when the student is ready to log in.

* Second screen — main exam screen, which appears during the course of the exam.
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* Third screen — end of exam screen, which appears when the exam has ended and

the user has logged out.

An image of the old interface of the main screen, as used for the student side of the exam
system, is shown in Figure 38, and of the improved version of the interface in Figure 40
together with an overlay of English translations of its key elements. The two interfaces
appear to be similar of course in many ways, but whereas some changes are obvious, such
as the change of header, and the increased font size of the main heading 'Main Screen for
Student Test', others are finer changes that also made quite a difference. In particular, it can
be seen that the title is larger and prominently displayed, a different font is now used for
the question and answer areas, which have also been made a little larger, and some
coloured areas have been used to improve the clarity of the new interface. In addition, it
can be seen that there is an improved area for 'linked questions' on the right side. This was
in response to the requirement specified as “Allow students to quickly jump to another
question without having to go through the back/next buttons.” It serves two important
functions, which are to enable the student user to see the current question in the context of
the whole set of questions, and secondly to quickly jump to another question non-linearly,

i.e. without having to go through them sequentially.

Another major change made is the inclusion of the student's photo underneath the
particulars. This is displayed on all pages when the student takes the exam. The developers
claim it helps both the students and invigilators to see who is taking the exam, and makes it
easier to ensure that the right students is taking the right exam. Also for students, the
requested password feature was implemented that now enables them to change to another

computer desk if needed to continue taking the exam in case of any technical problems.

For teachers, two important functionality changes were made that are not apparent on the
interfaces below. These relate to providing teachers with some automatically generated
feedback not only on individual students, such as to identify their possible weaknesses, but
also a general picture by aggregating responses. In addition, teachers are now able to put a
mark directly in the exam software, and they can specify the day on which a certain exam

has to be taken, and students are not able to change the day.
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Figure 38: The old interface of the EMES online exam system
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Figure 39: Log in screen of the new interface
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Figure 40: The new interface of the EMES online exam system
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11.3 Suggestions and future development plans

11.3.1 Suggestions made for further improvements in usability

The new interface and exam system still fell short of what could have been a more ideal
outcome in the opinion of the researcher and based on the requirements captured during the
UgCD trial. Besides incorporating changes taking into account the remainder usability
requirements, the following two additional suggestions were made for further usability

enhancements:

1. It was suggested the developers should definitely consider designing some icons to
further improve visual clarity. The back and next buttons for instance, still relied on
text labels whereas arrows could be used as well. Moreover, the current buttons do

not look attractive.

2. It was suggested a timer should be visible on the interface to clearly show the time

instead of relying on a simple textual display of the information.

The possibility for addressing the first item was made, but the icons used for illustration
were not original*. They merely serve to show the type of icons that would be possible to
use to not only enhance the look of the interface, but more importantly, to make it more
user-friendly. These would be especially useful for new students taking their exams online
for the first time, but for all students generally too given that during an exam, students
would want to do things as quickly as possible. These icons were shown to the developers,
but they said any icons would have to be designed from scratch and it was not a priority at
the moment. They did not rule out the possibility however, of including such icons in the

exam interface in a later revision.

4 Icons taken from: http://www.menu-icons.com/glossy-menu-icons/index.htm
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Table 53: Sample of icons that could be used to enhance the interface further

Information Student Question Next Previous
LR V o -
[ | [ 4 " [ [ A—
[T
| T—
Start Correct Wrong
LETf F'_} i |

11.3.2 Future development plans for the exam system

In addition to considering the above-mentioned recommendations for improving usability,
the developers also assured they may work on incorporating the remaining requirements
captured during the UgCD trial during future development. In particular, they were
interested to incorporate or at least begin to work on implementing the following five items

in the near future:

* To enable students to also conduct essay type exams, as they are currently only able

to do true or false or multiple choice type questions.

* Incorporate more automatic checking, marking, and aggregate analysis options to

provide useful data for teachers and administrators.

* Providing a context-sensitive help system instead of just presenting a list of

contents.

* Improving efficiency by reducing the number of clicks required to perform certain

tasks that were made clearer using UgCD.

* To focus more on improving the efficiency and reliability of the system relative to

adding more functionality, as the coding has become very large and complex.
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11.4 Post-UgCD trial survey and interview

11.4.1 Survey of meeting participants

A short and quick survey was held among the participants of the meeting during which
UgCD was demonstrated for recapturing requirements. A total of 14 of the 16 invited
meeting participants took part in the survey. Five of these were developers and nine were
teaching staff. This survey was conducted after the trial and after the software changes
described above were made and the further suggestions were offered. The purpose was to
gather the views or perceptions of the participants about their experience of the UgCD trial
in terms of its effectiveness for capturing usability requirements. This was followed by a

final interview with the leading developer.

The survey participants were asked to indicate their extent of agreement with ten
statements about their experience of the UgCD trial and their views or perception of its
effectiveness with respect to software usability. The items were chosen based on what is
claimed about UgCD and the experience of the demonstration. The first statement was on
UgCD's ability to help focus on usability, the second two on its ability to help identify user
roles and tasks. The next five were related to the five usability aspects, and the last two
were given with a view to seeing how well UgCD may be accepted based on the two
important factors in the Technology Acceptance Model (TAM), namely perceived

usefulness and perceived ease of use.

A 5-point Likert scale was used for respondents to indicate the degree of their agreement
on a scale ranging from 'strongly disagree' to 'strongly agree' with a neutral 'unsure'
response option in between. A copy of the questionnaire is attached in Appendix N: The
post-UgCD survey and interview questionnaire, and the number of responses for each

degree of response and the overall mean values are given in Table 54 below.
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Table 54: Breakdown and mean values of the post-UgCD survey responses

No. | Aspect SD |[ID |U (A |SA |Mean
Value >(1 2 3 4 5 -

1 |[UgCD helped to focus on usability. 0 0 0 0 14 |14
2 | The roles of the users were clearly identified. 0 0 0 0 14 |14
3 | The tasks for each user role were clearly identified. 0 0 0 3 11 134
4 | The learnability of the software has been improved. 0 0 0 4 10 |13.2
5 | The rememberability of the software has been improved. |0 0 1 6 7 12.4
6 | The reliability of the software has been improved. 0 0 2 5 7 12.2
7 | The efficiency of the software has been improved. 0 1 0 3 10 (12.8
8 |Users are now more satisfied with the software. 0 0 0 2 12 (13.6
9 |UgCD is a useful methodology. 0 0 1 2 11 |13.2
10 [The UgCD methodology was easy to apply. 0 0 2 3 9 12.6

The results presented in the table above show that the proportion of responses for all the
ten items is greatest for the fifth degree of response, which is a positive indication of
'strongly agree' with the statement. This is particularly high for the first two items, which
state that (1) UgCD helped to focus on usability, and (2) The roles of the users were clearly
identified. In these two cases, the mean values are the maximum value of 14, as all 100%
of the respondents indicated they strongly agree. Agreements with the remainder items are
also high with the exceptions of statements 5 and 6 for which the overall extent of
agreement is noticeably a bit lower. This is apparent, for instance, from the half (50%)
'strongly agree' indications and the higher proportion of 'agree' indications. The relative
proportions of indications for each response option and for each statement can be seen

more clearly in Figure 41 below.
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Figure 41: Results of the post-UgCD survey
Extent of agreement on aspects of the UgCD implementation
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An ordering of the mean values, presented in the chart in Figure 42 below, confirms the
picture presented above with respect to the most (1 and 2) and least (5 and 6) agreed with
statements. The relative ordering of the others is as indicated. These results show that, as
perceived by the meeting participants, UgCD excels most at helping to focus on usability,
and in helping to identify user roles and tasks. Of the five usability aspects (indicated in
items 4-8), user satisfaction is likely to be greatest followed by improvements in terms of
learnability and efficiency. The other two aspects, namely rememberability and reliability,
are perceived as having been least improved. Finally, although the usefulness of UgCD is
perceived to be high, for which the mean values is 13.2, the overall agreement with the

tenth statement, that UgCD is easy to apply, is low with a mean value of 12.6.
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Figure 42: Post-UgCD survey responses ordered by mean value
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Figure 43 below presents a chart of mean values for developer and teacher responses
separately and over the same range 0-5 of mean values (4-5 showing) for ease of
comparison. The raw data for the two categories of respondents is attached Appendix N:
The post-UgCD survey and interview questionnaire. The data shows there are some
similarities as well as marked differences between the two categories of respondents. The
responses for items 1 and 2 bear the greatest similarities, as all of the respondents indicated
the same extent of agreement, in this case strongly agreed. The greatest differences are for
items 5, 6, 7 and 10. For all these items, the developers indicated a greater extent of
agreement whereas the teachers as a whole indicate a markedly lower extent of agreement.
These items pertain to improvements having been made in terms of rememberability,
reliability and efficiency, and UgCD being easy to apply. This suggests that overall, the
developers were relatively more satisfied with the implementation whereas the teachers
present during the trial were relatively less satisfied. From the raw data, it can be seen that
the majority of both categories of respondents strongly agreed with all of the ten items.
There were only at most a couple of respondents who gave responses to some items that
were less than the extent of strong agreement in the case of developers, and agreement in

the case of teachers.
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Figure 43: Post-UgCD Survey Responses - Comparison Chart
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11.4.2 Interview with the leading developer

The interview with the leading developer was held after the implementation of changes to
the software, and conduction of the Post-UgCD trial survey. It was arranged to inquire into
his personal views of the experience of the UgCD demonstration, and his perception of
UgCD for capturing usability requirements completely and precisely in his professional
capacity. The developer was asked to comment on five open questions relating to UgCD's
ability to help focus on usability, to help improve usability in terms of the five chosen
usability aspects, its strengths and weaknesses, its ability to help capture requirements
completely and precisely, and the likelihood of adopting UgCD. The precise wording used
is given in Appendix N: The post-UgCD survey and interview questionnaire, and the

replies given are attached in Appendix O: Post-UgCD interview questions and their replies.

The replies indicate a positive perception of the trial and UgCD, and the leading developer
seems to be especially enthusiastic about the role of UgCD in terms of efficiency. On

helping to focus on usability, the reply was affirmative that “UgCD helped very much”,

201



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

and this was mentioned as its “biggest strength”, and it also helped the team be “very
clear” on the tasks and finding ways to facilitate their accomplishment efficiently. UgCD
also helped to think about other aspects besides efficiency, such as learnability, and to

appreciate the importance of user satisfaction as well.

When asked about the capability of UgCD to help capture usability requirements
completely and precisely, the reply was again affirmative, that it is “very good” for this
purpose, as UgCD enabled the developers to come up with “a comprehensive list”, and the
focus also helped them to “be precise” about what was wanted or needed. On the
likelihood of using UgCD for future development projects, the developer indicated “yes,
we can use [the] UgCD process for being clear on the tasks especially, and then thinking of
usability aspects”. This reiterates that UgCD was perceived to be especially useful in these
respects. Importantly, when prompted for whether they would involve and consult with
users including students, he acknowledge the useful contribution made by teachers, and
suggested involving students in this same way can be done in order to “take good
advantage of this... so we can make more efficient software”. Again, it was clear that
efficiency is the main concern, and although they already solicit views of students using

SUS, it is possible they may involve users more after their positive experience with UgCD.

11.5 Summary

The software changes implemented as a result of the meeting are detailed in this chapter,
and can be seen in the images of the new interface, and further suggestions were given for
making more improvements in usability. These improvements made to the interface as an
outcome of the UgCD trial are shown in Figure 39 and Figure 40, and the additional
suggestions that were made to improve the usability even further related to the following

three aspectual areas:

(1) Learnability aspects, such as by applying colour, highlighting and employing

icons for making it easier for users to learn to use and to use quickly;
(2) Readability aspects, such as by using a more suitable font and font size;
(3) Attractiveness aspects, such as by using colour for distinguishing certain parts.

This chapter also reported on the outcome of the post-UgCD trial survey and interview,
which were held with 14 of the meeting participants and one leading developer

respectively. The survey responses show the greatest agreement is with the capability of
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UgCD to help focus on usability and identify user roles and tasks. Improvements in
usability were perceived mostly in terms of learnability and efficiency, but the overall
usefulness of UgCD is perceived as being high. The interview data confirmed UgCD's
capability to help focus on usability, and highlighted the importance attached especially to
improving usability in terms of the efficiency of the software. It is also likely UgCD may

be used by the development team in their future software development projects.
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Chapter Twelve

Concluding Discussion and Recommendations
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Chapter 12: Concluding discussion and recommendations

12.1 Introduction

This chapter present an analysis of the key points from the results and findings during the
three stages of the primary research (survey, interviews and trial), and synthesises them to
point out the overall key findings of the study, which are then discussed in detail for each
phase. The study aims, objectives are revisited to show the extent to which they have been
achieved. The discussion then delves on a critical evaluation of the theoretical and
methodological implications of the study, including the research instruments.
Recommendations then made as per the aim to develop a framework for guiding
developers in implementing UgCD for gathering usability requirements as well as general
recommendations as an outcome of the research. Finally, the chapter points out the key

limitations and delimitations, and makes recommendations for further research in this area.

This research compared and contrasted plan-driven and agile methods with a view to
justifying the need to adopt a balance of both types of methods in software design. It then
examined User-centred Design (UrCD) approaches in the context of usability research, and
introduced the concept of Usage-centered Design (UgCD) based on the works of
Constantine and others. Key differences between UrCD and UgCD were highlighted in
Table 4. Essentially, UgCD incorporates a model-driven phase into an overall agile
framework whilst being focused throughout on the user tasks (usage) and ensuring high

levels of usability.

As pointed out in 2.6.2 Issues with pure agile methods, both pure agile and plan-driven
methods, and even in UrCD (1.3.1 Key features), there tends to be an undue focus on user-
centric aspects and a loss of attention on usage, i.e. the actual important tasks. It was also
noted there is a lack of research on software usability, especially in the field of e-learning
(Srivastava et al., 2009) despite its importance for didactics and pedagogy (Novak et al.,
2010), and that the way in which requirements are currently handled tends to be inadequate

(Kavitha & Thomas, 2011).

In order to show how UgCD excels in addressing usability issues over methods that claim
to be user-centered, which are usually based on pure agile methods, UgCD was applied for
capturing usability requirements. Therefore, the areas of usability engineering and

requirements engineering were also explored in depth, the latter of which is currently
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receiving increasing interest (Zhang, 2010). Also, UgCD was detailed as to how the
methodology works, and specifically how it it can be used for helping developers and users
focus on usability and gather usability requirements. Usability was understood to be
comprised of the five aspects of learnability, rememberability, reliability, efficiency, and
user satisfaction, and the captured requirements were tested with respect to their extent of
completeness and preciseness. These five aspects are those identified by Constantine
(2011) as being most important for the e-learning context (4.7.1 Usability aspects for e-
learning software). And, the two quality characteristics of completeness and correctness
(which was treated as preciseness in this study) are identified by the IEEE (5.4.2
Requirements gathering recommendations and issues) as important software requirement

specifications (SRS).

12.2 Discussion of key results and findings

12.2.1 Discussion of pre-UgCD survey results and interview findings

Summaries of the survey results and interview findings are presented at the end of the
chapters in 8.6 Summary of survey results and 9.3 Summary of interview findings
respectively. The survey solicited the views of 212 software developers working in higher
education institutions throughout the Saudi kingdom, and the interviews enabled 20 of
them to provide further insight into their conceptions and practices relating to usability

with respect to its different aspects.

The finding from the survey that requirements for facilitating users in tasks is not thought
to be captured well is a significant one because it shows the potential for UgCD, which is
specially designed to facilitate users in accomplishing tasks. Also, UgCD relies heavily on
frequent meetings and continuous consultations, so again, the finding that meetings (B9)
are not used so much is significant and further indicative of potential for promoting UgCD
among Saudi developers. Similary, the results for part C on usability testing methods show
that UgCD can be usefully applied by these developers given its focus on ensuring the
software developed is highly usable.

The correlation analysis on the survey data further revealed the importance of the first two
variables associated with usability, namely minimal learning time (A1) and ease of use
(A2). These were correlated the most with the other variables, and hence appear to be

associated the most with usability among the sample surveyed. Of the capturing methods
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for usability requirements, the factor of use of secondary research (B6) was correlated the
most, and hence the prominent variable. These results helped to identify the most
prominent factors and methods in relation to usability, and gave insight into the thinking on
usability among the developers surveyed. The prominence of A1 (minimal learning time)
in particular shows that it is the dominant component of usability. Given the large
proportion of variance that can be explained with this component, it therefore best
represented the variation in the multivariate data set. In other words, the first two variables
(A1 and A2), especially the first (A1), and to a lesser extent the third (A3), were found to

characterise the concept of usability in the view of the survey respondents.

The interview findings highlight a lack of reliance on methods of observation (while the
software is being used), and especially the holding of meetings for consultations with users
(Q1). They also confirm the narrow understanding of the concept of usability, which does
not seem to encompass engagement and other aspects related to user satisfaction, and
learnability (Q2). Rather, usability is mostly understood as pertaining only to establishing
ease-of-use and ensuring reliability. Consequently, there is an over-reliance on detailed
planning (Q4,5 8), lack of post-development testing of usability (Q7). Also notably, it was
apparent during the interviews that developers are content with their existing procedures
(Q9, 10), and even if they wanted to try something else, they are generally restricted by
their management. As for UgCD, the interviews confirmed the methodology was unheard

of (Q11) although an interest was expressed by a few (15%) developers to learn about it.

12.2.2 Discussion of the UgCD trial

In spite of the limited manner in which the UgCD trial was conducted, as mentioned in
10.2.4 Context of the trial, it was apparent that the single meeting helped the attendees to
focus on usability as understood in a wide sense; as encompassing learnability and user
satisfaction. It aided them in gathering usability requirements for these aforementioned and
other aspects of usability that had been neglected earlier and which led to making some
improvements to the software. These improvements are detailed in 11.2 Software changes
implemented and exhibited in Figure 40. Notably, the implementation of UgCD enabled a
7.5-fold (750%) increase in terms of completeness and 43% improvement in terms of
preciseness compared with the original capture at the time of construction, and a 2.5
(250%) gain in completeness and 24% improvement in preciseness compared to the

attempt to make improvements prior to UgCD using usability questionnaires.
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Importantly, this shows that there was an inadequate attention to usability previously
whereas this was not the case for functional requirements. In fact, the previous set of
requirements were focused almost exclusively on providing functionality, and although
some new functional requirements were identified for teachers during the UgCD trial, no
more functional requirements were identified for students. This may be because of a
general satisfaction with the student side of the interface, or due to the fact that students

were not present at the meeting.

The fact that the UgCD trial was undertaken in a restricted way impacted the outcome of
the recapture experiment by not allowing the captured requirements to be refined or new
ones to be identified during further meetings and consultations with users. In particular, it
was mentioned that further face-to-face meetings play a very important role in UgCD, and
the fact that these did not take place not only limited the trial, but could also have affected
its validity. For instance, the few requirements that were not so precisely defined, i.e.
which did not have a P value of 1, may have been worded more precisely later. At the same
time, the further meetings and consultations in UgCD allow for changed and new
requirements to be taken into consideration. However, as pointed out by Constantine et al.
(2003), although refinement and improvement through further meetings and consultations,
as well as through repetitive cycles of user testing and feedback, take place in UgCD, they
“are not the driving forces in the design process” as in UrCD. Instead, there is relatively
greater emphasis on the initial design and modelling. Also, as the researcher was not
present, it is not clear how well the UgCD methodology was applied generally during the
main meeting. In spite of these restrictions however, the first three stages of the framework
seem to have been applied sufficiently enough to have at least demonstrated how users are

involved and requirements are captured under UgCD.

As regards the constructs of completeness and preciseness, it was apparent that these
qualities were lacking when the requirements were first captured, and from the change in
focus that these are issues. This is in spite of the fact that the actual base line of the initial
set of requirements was no longer available. The validity of this comparison (T1-T3) may
be questioned on this basis, but the differences were still stark, and besides, the second
comparison (T2-T3) also indicated the possible superiority of UgCD in capturing usability
requirements. Also, it assumes of course that completeness is understood to mean covering
all the identified aspects of usability, that is, in a wider sense rather than a narrow sense as

only pertaining to reliability and efficiency. Consequently, there was a noticeable lacking in
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attention to especially more cognitive and aesthetic aspects of software design, and to
features that could facilitate learning to use the software (learnability). As noted in finding
a way to deal with a possible sound issue (by making the system do a performance check),

the same is the case for preciseness.

There is a possibility that the increases in the completeness and preciseness of
requirements may partially be related to the fact that in the requirements recapturing
experiment, the user participants were already familiar with the software and its
shortcomings, had the opportunity to evaluate the implemented software. Given also that
the intent to improve usability specifically was made evident, it could be that even by
applying another methodology other than UgCD would have yielded similar results.
However, the UgCD methodology provided a systematic and methodical means to achieve
this goal, which also ensured for instance, that the interactions were productive, that all
participants participated, and that no leakage of requirements crept in (12.6.1 Framework
and procedure). Moreover, the UgCD implementation made all the trial participants
focused on collaboratively developing an initial model to work with, which is an element
that is missing from incremental agile methods wherein greater importance is attached to

seeking feedback from users instead.

The fact that refinement of the requirements (through further meetings, consultations,
testing and feedback) did not take place does not mean that this latter stage is unnecessary,
since improvements were still made irrespectively, as more improvements could have been
made. Nor does it mean that the implementation cannot be transferred to an agile
environment with which many developers in the Saudi kingdom were found to be
unaccustomed generally. The results support the observation that UgCD helped to capture
usability requirements more effectively, the usefulness of collaborating with users, and the

potential of UgCD for incorporating a valuable plan-driven phase in agile frameworks.

Improving learnability further should be considered to be very important for a timed exam
system so that students can concentrate on actually undertaking the exam rather than
wasting valuable time trying to figure out how to use the system. Similarly, the second is
important for improving visual clarity and is also related to improving the learnability
aspect. The third area was considered important to further enhance the visual appeal of the

interface, which still looked rather dull despite some improvements.

Overall, the UgCD trial was a productive experience because it helped not only to raise a
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little awareness of this methodology, but also in that it promoted the importance of
usability in software design in a wider sense of the term than seems to currently prevail. As
for preciseness of the usability requirements captured during the trial, the expert opinion
was that they were framed precisely, i.e. clearly expressed without any ambiguity although
a recommendation was given to be more precise about which elements are described as
'important' for which highlighting was requested. But, as there was no overlap in the two
(previous and new) sets of requirements (Table 48), so it was not possible to see whether
the degree of preciseness had actually improved, stayed the same or deteriorated.
Nonetheless, the precision in the requirements was probably made possible due to the
focus on usability and the first three stages of the framework must have helped in that

regard.

12.2.3 Post-UgCD trial survey and interview

The post-UgCD survey results suggest that UgCD lives up to its claim of helping to focus
intensely on usability as well as to be clear on the user roles and tasks. In particular, this
helped the developers to find ways of enhancing the efficiency of carrying out those tasks.
This corroborates the findings from the study of Patton (2003), which also showed UgCD
to especially help improve software efficiency, as was mentioned in 4.1.2 Potential of
UgCD in improving software quality. Also, the leading developer acknowledged the
capability of UgCD to provide “a comprehensive list” of usability requirements, and that
the usability focus also helped them in being precise about the requirements. As a result of
the experience, the perceived usefulness of UgCD is high, and it is therefore likely that, at
least to some extent, UgCD will be applied in future software development projects. On the
other hand, the survey result for low perceived ease of use, and the developer response to
being asked about its possible weaknesses, confirm the earlier finding of UgCD perhaps
being seen as involving a lot of preparation and user involvement. However, the greater
capability of UgCD to capture usability requirements has been established, so it is possible
that it could encourage some changes in practices by being more user centric, consulting
with them and involving them in the process. This confirms the need to realise that
capturing requirements is very much a social process rather than merely a technical one
that can be undertaken by the developers alone (Macaulay, 1993). Cooperation with users
has long been advocated in software design, as this aforementioned reference is more than
two decades old, so it is about time their needs, views, perceptions and requirements are

taken seriously.
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12.3 Extended discussion of key results and findings in light of the
literature review

The most important results and findings from both the survey and interviews and on the

basis of the outcome of the UgCD trial were as follows:

* Holding meetings with users is not popular among Saudi developers, as found in

both the survey and the interviews.

» Usability is mostly about ensuring ease-of-use, reliability and following established

standards rather than learnability and engagement.

* Greater awareness is needed, not only about UgCD specifically, but also about the
importance of usability in software design and ways of enhancing usability, and in

capturing requirements appropriately for this purpose.

Notably, it seems that the following two of the issues identified by Macaulay (1996) persist

in the context of the software development field in Saudi Arabia:
* Lack of communication between developers and users, especially with students;

» Lack of awareness of the importance of wusability in its comprehensive

understanding, and knowledge of UgCD;

Also, the gathering of usability requirements tends to be focused primarily on functional
aspects and ensuring reliability rather than satisfying more user-centred needs related to
aesthetics and overall satisfaction, which can also impact adversely on ease of use and

learnability if neglected.

12.3.1 Meetings

UgCD shares with JAD the use of structured and facilitated meetings as an important
means for developers and users to get together both for identifying users, roles and tasks,
and for gathering requirements (Table 10). Meetings are arranged to encourage user
involvement, facilitate communication between the two groups (Coughlan & Macredie,
2002), and to apply dynamic group techniques to help refine ideas (5.5.3 Joint Application
Design). Under UgCD specifically, the meetings are held frequently so they are central to
the UgCD methodology, and importantly, these frequent meetings help to deal with any

omissions, irregularities and ambiguities about the requirements (5.6.1 Outline of process).
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Also, the focus on prioritising usability by modelling task cases increases the likelihood of

developing highly usable software (Juristo et al., 2003).

If Saudi developers are to gain from the potential benefits of focusing on usability aspects
of software design, and specifically from the benefits of the UgCD methodology, then it is
paramount for them to become accustomed to communicating with the potential/existing
users of their software, and especially to hold frequent meetings with them. UgCD relies
heavily on such frequent meetings, so it would be imperative for this kind of focused
meetings to be accepted as the norm if UgCD or any other meeting reliant methodology is

to have any chance of being adopted for software development.

A single main meeting, as was conducted during the UgCD trial in this study, may be
adequate to get started on a software project and maybe define the users, roles, tasks and
some essential requirements, but continuous consultations through frequent meetings
provides additional benefits. In UgCD, these additional meetings help to obtain feedback
and refine the process including the gathered requirements. The single meeting therefore
helped to initiate and develop the requirements dialogue, but the UgCD trial did not benefit

from allowing to make any further refinements to the gathered requirements using JITR.

Moreover, UgCD expects these meetings to be conducted face-to-face and in a
conversational manner in order to facilitate collaboration (Constantine, 2011). In fact, as
described in 5.6.2 Detailed description of process, UgCD expects significant user
involvement and involves a highly collaborative process for gathering requirements, and
this is what distinguishes UgCD from UrCD. Given these expectations of UgCD, it seems
it would be very difficult to implement it in a highly conservative Saudi society. This is
also consistent with the expectations ascertained from the cultural analysis in 1.7.1 Cultural
context. For implementing UgCD, it may be necessary therefore to make a whole raft of
associated changes to the way software is developed. If face-to-face meetings are difficult
to arrange, especially for mixed gatherings, then live online conferencing may be used as
an alternative, but extra care may need to be taken to ensure the atmosphere facilitates
open conversation rather than becoming inquisitive, and to encourage attendees to work

collaboratively.

12.3.2 Concept of usability

The second main finding was that the concept of usability seems to be understood in a very
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narrow and limited sense as only concerning basic functionality and ensuring reliability
and efficiency at most. It was not common to find developers perceive usability in a wider
sense as also including such aspects as those related to learnability, rememberability, and

ensuring user satisfaction.

This is not entirely unusual though. As pointed out in 4.2 Introduction to usability, various
definitions of usability have been offered, and there has been no consistent understanding
of what actually constitutes usability among software developers. It appears that Saudi
developers generally, have an understanding of usability that is more in line with the
definition provided by ISO/DIS 9241-11, which identifies effectiveness, efficiency and
satisfaction, but makes no mention of ease of use or capability for being learned.
Satisfaction may be understood vaguely here, so usability may be understood as being
simply about making software effective and efficient, which would include the notion of
reliability. UgCD could help developers take more interest in the cognitive (learnability

and rememberability) and aesthetic (user satisfaction) aspects.

It is not the case that UgCD ignores functionality; rather, determining functionality is the
starting point in UgCD as it is defined by use cases (Gulliksen & Boivie, 2001) (4.1.2
Potential of UgCD in improving software quality). Also, identifying roles and their inter-
relationships may help guide decision relating to functionality that can be incorporated in
the design (Ferreira et al., 2005: 7). What UgCD does is to then make the team of
developers and users think beyond mere functionality, reliability, efficiency, etc. to focus
on enhancing usability in terms of learnability and user satisfaction as well. This leads to
the third point and appreciating the importance of usability, as understood in its more
comprehensive sense and incorporating all five of the usability aspects that were selected

in this study.

This narrow understanding of usability also reflects the observation (noted in 4.2
Introduction to usability) of there being no consistent understanding within the software
development community of what actually constitutes usability, and that aspects related to
more aesthetical concerns and user satisfaction are more common only in newer
definitions. It may therefore be the case that these relatively newer conceptualisations of
usability have not yet established themselves amongst developers in the Saudi kingdom. At
the same time, the importance of user satisfaction was apparent among the users
themselves. Thus, there may also be a cultural dimension to the differences in awareness,

as well as differences in the conceptualisation of usability between different types of
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stakeholders.

12.3.3 Importance of usability

The importance of usability has been stressed in several places in this paper, especially in
4.3 The importance of usability. For instance, Novak et al. (2010) consider it to be very
important, especially for e-learning, as it helps to develop better systems with improved
didactical and pedagogical approaches. This study highlights the need for promoting the
importance of usability among software developers in Saudi higher education institutions,
especially those having worked on developing e-learning software. This would be
necessary before UgCD specifically can be promoted as a way of enhancing software
usability, or else UgCD can be used as the medium itself for promoting usability. If the
importance of usability is accepted, only then would it be possible for the concept of
usability to be properly understood; for the whole range of usability aspects to be accepted
as being essential for ensuring usability comprehensively, and for also appreciating and
adopting the practice of developers holding frequent consultations and meetings with
existing and potential users. The three key points are therefore inter-related, but the

importance of usability would need to be accepted first.

12.4 Revisiting of aims, objectives, research questions and hypotheses

12.4.1 Aims and objectives

This section revisits the aims and objectives in light of the above results and findings. The
aim of this study was to develop a framework for guiding developers in capturing usability
requirements more completely and precisely than they would otherwise. The main research
objective was 'to develop a framework of principles for achieving improved capture of
usability requirements through UgCD in terms of completeness and preciseness'. To help
achieve this objective, the study ascertained how usability requirements for developing
software are captured at present by surveying and interviewing software developers in
higher education institutions in Saudi Arabia, and how well the existing requirements
capturing process is satisfactorily able to capture usability requirements. A UgCD trial then
showed how UgCD can be used to improve the usability requirements capturing process
for enhancing software usability by demonstrating the process during the development of

an e-learning software.
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12.4.2 Research questions and hypotheses

The following two hypotheses were formed in this study (1.5 Research questions and
hypotheses): The process for capturing requirements under UgCD yields a more complete
(H1) and precise (H2) list of requirements necessary for enhancing software usability in
terms of learnability, rememberability, efficiency and reliability in use, and user
satisfaction. The precise wording for each of the two is stated in 1.5 Research questions
and hypotheses as well as the research questions. The solution for the main research task of
finding a suitable framework to guide developers in capturing usability requirements
completely and precisely is presented in 12.6.1 Framework and procedure below. The sub-

research questions involved the tasks of:
(2) Finding out how usability requirements are captured at present,

(3) Finding out how well the existing process at a selected institution is able to

capture usability requirements, and

(4) Establishing whether UgCD can enable to capture these more completely and

precisely.

Ascertaining how usability requirements are captured at present for developing software in
higher education institutions in Saudi Arabia was successfully done by means of the survey
and interviews described earlier. Both of these phases of the research provided detailed and
insightful information on the understanding of usability among these Saudi developers,
how well they think their existing processes capture requirements for each of the specific
selected usability aspects, the methods they currently use for ensuring and testing for
usability, and so on. In this regard, the research led to gaining useful information about the

current position to answer the second research question.

The capability of the existing process to capture usability requirements was ascertained
during the UgCD trial from the data gathered for the two time periods defined as T1 and
especially T2, the latter of which involved the use of the SUS usability testing
questionnaire. As per the data summarised in Table 52, T1 was only able to provide capture
of 2 usability requirements, and T2 of 6 usability requirements. Also, the degree of
preciseness for T1 was determined to be 2, and for T2, a value of 1.5 was obtained. This

information answers the third research question.

The UgCD trial led to being able to evaluate the completeness and preciseness of the
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requirements that were re-captured during the T3 period, despite the restricted
implementation. In contrast to the above values for T1 and T2, T3, during which UgCD
was implemented, resulted in capturing 15 usability requirements, and the preciseness
improved with a value of 1.2 (being closer to 1 indicating most precise wording). This

information satisfies the fourth research question.

It was clear that there was a shift in focus from the previous (pre-UgCD) state to the new
state (under an implementation of UgCD) from functional requirements to more aesthetic
requirements, although a more detailed quantitative comparison of the two sets of
requirements could have been made. Cultural and time restrictions only allowed for a
single meeting to be conducted and without the participation of the researcher although
under her guidelines for implementing UgCD and focusing on usability. This prevented
stages 4 and 5 identified in Table 19 to be undertaken adequately, which would have
involved usability testing and further refinement of the captured requirements. Only the
first three stages were carried out extensively, which involved (1) role/task identification,
(2) task modelling, and (3) requirements capturing. The UgCD trial thus highlighted the

issues and obstacles in the way of realising the ultimate goal of promoting usability.

Nonetheless, it was apparent that previously (without UgCD), there was a limited
understanding of usability and a focus only on identifying and satisfying basic functional
requirements whereas the UgCD trial, albeit in a restricted and limited manner, helped to
focus more on usability (in a wider sense as discussed above). The quality of preciseness of
the gathered usability requirements was satisfactory, but whether this was an improvement
from before was uncertain, and greater completeness was confirmed from the change in
focus. It can be deduced therefore that the first hypothesis pertaining to completeness is

upheld whereas the second pertaining to preciseness is uncertain.

12.5 Theoretical and methodological implications and contributions

12.5.1 Theoretical implications

The construct of usability was described and discussed at length in the literature review
with the whole of Chapter 4: Usability in software design dedicated to usability
specifically, and Chapter 5: Requirements analysis, gathering and capturing to
requirements. This ws important given that usability is often neglected in the development

of e-learning software (Kruse, 2002). Also, UgCD was introduced in Chapter 3: Usage-
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centred software design and development as a software design methodology that specially
focuses on enhancing usability, and the way requirements are gathered under UgCD was
presented in 5.6 Requirements gathering under UgCD. As noted in 1.3.2 UgCD and
usability, this study has probably pioneered an investigation of the role of UgCD

specifically during the phase of gathering requirements.

This study promotes the UgCD methodology on the basis that it encourages a strong focus
on usability. Also, given the predominance of user-centred methodologies (UrCD), it was
shown that, for instance, selective user involvement and being model-driven can help to
better target usability whilst also ensuring all essential users, roles and tasks are identified
and that the software can enable the users to fulfil their roles and accomplish those tasks.
Key differences between UrCD and UgCD are highlighted in Table 4 and Contrast between
User-Centred and Usage-Centred Design.

The inclusion of both modelling as the prime method of design and the insistence on
substantial user involvement (Table 12) also highlights the balanced nature of the UgCD
methodology. The comparison and contrast of plan-driven and agile development methods
in Chapter 2: Plan-driven and agile development methods: a comparative perspective
showed that a balanced approach can provide for greater adaptation and flexibility in
design whilst also maintaining necessary control to ensure task completion. Other such
balanced methods were also examined (2.7 Existing combined agile-plan driven methods),
but these usually take the form of adjuncts to an agile method, which makes the combined
method lose its coherency. It was also noted that the original agile manifesto, which
popularised agile methods, did not even incorporate usability engineering, hence the
reliance on these additions to the essentially agile methods (4.4 Usability and other
software quality characteristics in agile methods). This could also explain why usability is
not given sufficient prominence, although it was pointed out this is also due to difficulties

in measuring usability (4.8 Usability testing and measurement).

Again, with the predominant interest nowadays in agile methods and general unawareness
of UgCD, this study could have the potential of bringing knowledge of this methodology to
the attention of more developers, especially those concerned about usability issues. As an
extensive piece of research, this study also adds to what thus far has been only very few

studies on the potential of UgCD for enhancing usability (Table 5).

As regards the gathering of usability requirements, this study has examined in depth the
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different types of requirements, requirements gathering frameworks, different models for
requirements, etc. In particular, it has highlighted the importance of gathering requirements
(5.1.2 Importance of gathering requirements), the importance of usability requirements
(5.2.3 Usability requirements), and shown how requirements are gathered under UgCD
(5.6 Requirements gathering under UgCD). As with usability, this focus on requirements
was also important because there are still inadequacies at present in how requirements are

handled (Kavitha & Thomas, 2011).

12.5.2 Methodological implications

The survey method proved to be useful, as it enabled the views and knowledge of practices
to be gathered of a large number of developers in the Saudi kingdom (212 software
developers from higher education institutions). However, with hindsight, the questionnaire
instrument used (Appendix D: Survey questions) was short, as it only tested for three
pieces of information (usability aspects captured by requirements, requirements capturing
methods, and usability testing methods). Given the difficulties during the UgCD
implementation, it may have been appropriate, for instance, to also enquire about existing
software projects and development methods, involvement of users, use of meetings, and
the possibility of demonstrating UgCD. Another institution could have been found in

which UgCD could have been demonstrated more thoroughly.

The interview method was used satisfactorily to discuss points and practices relating to
usability and requirements gathering (with 20 interviewees). The interview questions
(Appendix E: Interview questions) were suitably worded and adequate in extracting the
required information. Many interviewees had to be prompted, especially for number 7
when they were asked how they tested for usability 'afterwards’, but this was due to this
being an uncommon practice rather than a deficiency with the wording. Besides, there

were no such issues during the pilot phase.

In measuring the construct of preciseness, a minor issue was the scale (6.7.2 Adopted
measures) being defined in a reverse manner to what may be considered as intuitive. That
is, the scale was defined from 1 (very explicit) to 4 (too vague) rather than vice versa from
1 (too vague) to 4 (very explicit). It may be argued that this is counter intuitive, as
described by Fenton's Representational Theory of Measurement. However, the scale was
only applied by a single person (the leading developer at the selected institution for the

UgCD trial) who was well aware of the scale being defined in this way. It may have been
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more important to define this scale differently if, for instance, it had to be used in a survey
or otherwise had to be applied by several developers. Related to this issue was the choice
of experts to make the preciseness ratings according to this scale. It may have been
possible to have asked independent developers to make the ratings, but the opinions of the
development team involved in the UgCD implementation was given importance so that

they could see for themselves how much difference UgCD can or cannot make.

The UgCD methodology itself was defined by Constantine. Research was conducted into
how this methodology is applied, especially during the requirements gathering phase (5.6
Requirements gathering under UgCD). An attempt was then made to apply this
methodology at the selected institution during a period when its developers were
recapturing requirements to bring about improvements to their online exam system
interface. However, as already pointed out, there were some differences in the way UgCD
was actually implemented (Table 45), and this issue has already been discussed above in
this chapter. The difficulties were not with the methodology itself, but with the way it was
able to be applied; the restrictions faced and the limitations imposed. Suggestions have
already been made as to how an adaptation can be made to the fourth stage to allow for

continued consultation and further meetings.

This issue highlights the challenges that are sometimes faced in carrying out empirical
studies. With hindsight, it would have been appropriate to carry out an experimental risk
analysis that may have helped to mitigate the risks earlier. It was known from the
researcher's earlier study that plan-driven approaches are prevalent in the Saudi kingdom,
and that developers there are largely unaccustomed to agile methods. This explains why the
development team were comfortable with the phases that involved planning and detailing,
and less so when they were required to adopt the more social aspects of the whole process;
when interacting and collaborating with users, and the fact that they omitted the fourth
phase of refinement. The cultural restrictions were also known beforehand, but it was not
known for sure that the developers would not permit the researcher to be present in a group

setting at all.

The original difficulty was actually in finding a development team that was willing to
implement UgCD in a higher education setting, so when one was found, the researcher was
then compelled to oblige with the way that the team considered appropriate for
implementing a new methodology. The sample from which the selected team was drawn

was the small sample of 20 developers. It may have been possible to implement UgCD
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more faithfully if a willing developer had been sought from the larger sample of 212
survey participants, or if other types of organisations were considered other than higher

education institutions.

12.5.3 Practical contributions

The demonstration of UgCD showed how this methodology can be used to deal with a
pragmatic concern, that is, for increasing the chances of producing highly usable software.
Moreover, it showed how this is possible both effectively and efficiently through
implementing a systematic process that is geared towards helping the user accomplish all
essential tasks (3.1 Introduction to Usage-centred Design). The UgCD approach that
enabled this involved task modelling, in which roles and tasks were clearly identified. In an
adaptation of Jacobson's Use Case drive approach, it involves defining essential use cases,
which define the essence of a use case and are expressed in terms of user intentions and
system responsibilities. As pointed out in 5.6 Requirements gathering under UgCD,
increasing the chances of enhancing usability is made possible from the focus on
prioritising usability by modelling task cases rather than use cases (Juristo et al., 2003).
And, as Constantine pointed out, it focuses on actual needs and key requirements. In 5.6.1
Outline of process, the basic process of modelling in UgCD was detailed as consisting of

three distinct phases (Figure 17: Basic process of modelling in UgCD):

* Task modelling - Raising questions and identifying potential areas for
investigation through constructing provisional user role and task models (based on

information available at the time)

* Model sharing — Sharing of the model with users to solicit their feedback during a
main face-to-face meeting and for conducting a 'collaborative requirements

dialogue'

* Model refinement - Holding of frequent meetings and consultations to deal with

any omissions, irregularities or ambiguities (as in JITR), e.g. through holding

sharply focused enquiries, investigations, surveys or making observations.

The above process was described in more detail in 5.6.2 Detailed description of process.
For instance, it was pointed out that each task case is examined in turn in order to identify
the software capabilities required for accomplishing those tasks, and that the requirements

dialogue involves 'mutual exploration and negotiation until a consensus is reached between
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the developers and users'. The role and task models then help to develop abstract

prototypes.

Importantly, the implementation of UgCD during the trial was done as per the
understanding of the team of developers. The key differences between the instructions
given and the actual implementation were highlighted in Table 45. Notably, only the first
two phases outlined above were carried out so there was no later refinement of the model.

The context in which the trial was done was detailed in 10.2.4 Context of the trial.

12.6 Recommendations and framework for guiding developers

12.6.1 Framework and procedure

Figure 44: Refined UgCD framework for guiding developers

< Pre-programming phase | Programming phase >

Identification of users Statement of purpose; Armrangement and Further meetings,
and their roles; Construction of model conduction of consultations
Discussion of purpose of tasks main meeting and communications

An outline of the UgCD process for capturing requirements was given in 5.6.1 Outline of

process and a detailed description in 5.6.2 Detailed description of process. Based on this
experience of trying to implement UgCD, and also in light of the survey results and
interview findings, the previous tentative framework of the requirements gathering process
under UgCD (Figure 23) was accepted as suitable for the purpose without any major
modifications. To summarise, it is recommended to implement UgCD by following the

procedure outlined below:

1. Select potential participants based on knowledge, commitment and cooperation.
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2. Prepare and distribute an agenda in advance of the main meeting to facilitate

collaboration.

Commence with a discussion or brainstorming session focused on the intended
usage or purpose of the system, such as how it is expected to be used, what is

expected to be accomplished, and the reason for doing particular tasks.

During the collaborative requirements dialogue, gather information, build the
model, negotiate, and approve and validate the gathered requirements. This
information should include the function (basic capability), form
(realisation/appearance of the functions), criteria (desire characteristics), and

constraints (on acceptable/possible solutions).

During the meeting it is also necessary to observe the following two points:

A neutral facilitator should be appointed to oversee the interactions to ensure that

everyone present participates.

The participants should take care to prevent 'creep' and 'leakage' of the gathered
requirements, i.e. expanding the system beyond what was initially agreed, and
letting additional requirements become part of the system that would give no

benefits.

Also importantly, the essential use cases need to be expressed in terms of user intentions

and system responsibilities. This is in contrast to how traditional use cases are expressed in

the form of user actions and system responses. Specifying an essential use case can be

described as being more abstract as opposed to concrete. A table, such as the one shown

below, may be devised for this purpose with a separate row for each user intention.

Table 55: Defining an essential use case

User Intention System Responsibility

Specification of a user intention Specification of corresponding system

responsibilities for each user intention

12.6.2 Recommendations for model refinement

The only recommended modification to the framework is in guiding developers on how to

carry out the fourth phase of model refinement, as indicated in the refined UgCD

framework presented in Figure 44 above, which is the final outcome of this study. The
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researcher stresses that all four phases should be completed for realising the benefits of
UgCD. There were no problems in achieving the first three stages of pre-modelling, model
construction and model presentation, but for UgCD to be implemented in its complete form
and successfully, it is necessary to also adopt the practice of model refinement. This
necessarily involves arranging and conducting further consultations and feedback, and for
this in turn, as pointed out above, it would be necessary first to make developers appreciate
the importance of considering usability aspects in their designs. That is, it is essential to
reiterate the need to promote usability; its importance, and an understanding of what
usability entails in order for developers to become willing to accept the framework for

implementing UgCD.

If despite the acceptance of the importance of usability, there needs to be a transition phase
before UgCD can be implemented fully in Saudi Arabia, then it is recommended to find
more ways to facilitate the continued meetings and consultations. If further face-to-face
meetings cannot be held, then the stakeholders should at least keep in constant contact for
open communication so that users can be kept informed of developments and so they can
provide valuable feedback. As suggested before, alternative arrangements for meetings can
be made, for instance, using web conferencing and live video chat. Continuous
consultations are important for refining the requirements, which would likely help to
ensure greater perfection in terms of the qualities of completeness and preciseness. The
recommendation for the fourth phase in the refined framework therefore allows these
alternative methods for facilitating communication and consultation in addition to, or
otherwise instead of, holding further meetings. It is also important for developers to
involve all key users given that students were not involved in the UgCD trial. Again, if the
students cannot be involved in meetings, then continuous consultations can take either the
two aforementioned forms, or else students should at least be allowed to provide feedback

through a survey or suggestions box.

12.6.3 General recommendations

In summary, based in the results, findings and experience during the trial, the study makes
the following recommendations, which can be seen as confirming common observations in

the software engineering community:

* Communications between developers and potential/existing end-users should be

improved such as by using feedback mechanisms, encouraging openness, and
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soliciting responses in surveys. Communication problems in RE were noted by
Macaulay (1996), Sutton (2000) and others (see 5.4.2 Requirements gathering

recommendations and issues).

There should be greater receptiveness to holding frequent consultations with users,
especially through meetings, which can be promoted by establishing its importance.
This problem of not involving users so much was reflected in the responses of
several interviewees and confirms the observation for 'hard methods' noted in 2.1

Comparative perspective of agile and plan-driven methods).

Awareness of the importance of usability must be promoted so that developers
would be interested to learn more about it and be receptive to adopting usability-
focused approaches to software design. The lack of attention to usability was noted,

for instance, by Larman (2002) (see 4.3 The importance of usability)

Knowledge of the different aspects of usability should be raised so that developers
are aware that it also includes cognitive and aesthetic aspects, and not understand it
in a limited sense. This confirms of the observation of Rubin & Chisnell (2008)

(see 4.2 Introduction to usability).

UgCD should be demonstrated more widely to show how usability requirements
can be captured for potentially enhancing usability. This supports the view of

Constantine (Chapter 3: Usage-centred software design and development).

The prevalence of PMP in Saudi Arabia indicates that most software developers in
the kingdom are accustomed to detailed planning before commencing on a project.
They would therefore need to be convinced of the benefits of agile methods,
especially in the way it can allow to accommodate changing requirements, and the
benefits of iterative designs. This may help them to see the need for a balanced

approach and make them more receptive to adopting UgCD.

12.7 Limitations, delimitations and recommendation for further research

This study was conducted among software developers engaged in software development in

higher education institutions in Saudi Arabia. Apart from developers, only teachers as the

software users were involved during the UgCD trial, and the trial was also restricted in that

there were no female participants. The researcher was also excluded and for this reason the
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implementation of the UgCD trial was also limited compared to what was planned. The
212 survey participants were represented from all over the Saudi kingdom, but the 20
interview participants were only from the cities of Jeddah, Riyadh and Taif. The survey
results could therefore be representative of the Saudi kingdom as a whole, but not

necessarily the interview findings.

This study has contributed to especially further understanding of the potential role of
UgCD for gathering usability requirements for potentially enhancing software usability.
This fulfils important gaps in research as UgCD is not currently well-known, research on
UgCD has been limited since Constantine introduced it over a decade ago, and research
had not previously focused on its potential specifically during requirements gathering. The
study has contributed to both fields of Usability Engineering and Requirements
Engineering. Further research could be conducted to demonstrate UgCD in several
institutions to establish its potential more widely, including outside the Kingdom of Saudi
Arabia, for a wider range of software types, and over multiple iterations of requirements

gathering or a complete software development lifecycle.
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Appendices

Appendix A: Comparison tables

Home ground between agile and plan-driven methods in OSS

Table 56: Home ground between agile and plan-driven methods in OSS

Home-ground area

Agile methods

Open source software

Plan-driven methods

collaborative,
representative, and
empowered

empowered

Developers Agile, knowledgeable, |Geographically Plan-oriented; adequate
collocated, and distributed, skills; access to external
collaborative collaborative, knowledge

knowledgeable and
agile teams

Customers Dedicated, Dedicated, Access to knowledge,
knowledgeable, knowledgeable, collaborative,
collocated, collaborative, and representative, and

empowered customers

Requirements

Largely emergent; rapid
change

Largely emergent; rapid
change, commonly
owned, continually
evolving — 'never’
finalised

Knowable early; largely
stable

Architecture

Designed for current
requirements

Open, designed for
current requirements

Designed for current
and forseeable
requirements

Refactoring

Inexpensive

Inexpensive

Expensive

Size

Smaller teams and
products

Larger dispersed teams
and smaller products

Larger teams and
products

Primary objective

Rapid value

Challenging problem

High assurance

Source: Boehm (2002) (adapted)
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Contrast between User-Centred and Usage-Centred Design

Table 57: Contrast between UrCD and UgCD
UserCentered Design Usage-Centered Design

Source: Constantine & Lockwood (2001), p. 4.
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Appendix B: Useful features for a Human-Computer Interface (HCI)

Table 58: Useful features for a HC/

starters

balloon tips or help
screen tips

progressive tool tips

embedded prompts

input prototypes
templates

start highlighting
workflow highlighting
dynamic afferdances and
constraints

instructive animaticn
anticipatory action

progressive enabling

progressive disclosure

implicit antecedents

idiomatic parallels

thematic variation

pop-up messages that appear on first encounter or
when a user reaches a certain point in a process

two-level tool tips with an extended message
appearing after a second delay; also called “cascading
tool tips”

representative examples of acceptable user input,
such as, “Time of day (e.g., 13:30)"

graphic or other indication of the place to start within
adialog box or screen

dynamic changes in appearance to signal allowed and
disallowed actions

automatic actions supplied by the user interface in
anticipation of user needs

the technigue of exposing or displaying user
interface controls in their logical or required
Sequence

UsSing comimon arrange ments, appearance, or hints
across different interaction idiems or methods for
accomplishing the same task

Source: Constantine & Lockwood (2002)

228



Appendix C: Research schedule

Original schedule

Table 59: Gantt chart of original research schedule

Month June ‘July ‘Aug. Sept. ‘Oct. ‘Nov. ‘Dec. ‘Jan. ‘Feb. ‘March April ‘May ‘June ‘July
Phase Pre-| | Il Post-II

Refine and complete 15-month report

Obtain ethics approval for data collection

Finalise research instruments

Finalise conference paper

Conduction of interviews

Conduction of survey questionnaire

Analysis of collected data

Meeting with supervisor/examiner

Participation in Dubai conference

Recapturing of requirements using UgCD

Testing for improved requirements capture

Write-up of conclusion

Completion of draft

Allowance for final adjustments

Final printing and binding

Hand-in of final report
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Phase I (June 2013-Nov. 2013): Data gathering and analysis of the present state

Phase IT (Dec. 2013-July 2014): UgCD implementation for requirements capturing, and data gathering and analysis of improved state

Phase I1I: Complete UgCD implementation through to design and development, and usability testing (at the discretion of the participants)

Revised schedule

Table 60: Gantt chart of final revised research schedule

Month/Step

June

July

August

September

October

November

Shortlist possible institutions for UgCD
demonstration

Select an institution for the UgCD demonstration

Obtain ethics approval to carry out the research

Obtain original list of captured requirements (prior
to UgCD)

Finalise guide for instructing on UgCD
implementation

Arrange for initial meeting for UgCD
implementation

Carry out initial meeting as per UgCD guidelines

Sort captured requirements from initial meeting

Carry out follow-up consultations

Analyse all captured requirements
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Month/Step

June

July

August

September

October

November

Checking for improved requirements capture

Write-up of UgCD implementatio phase

Meeting with supervisor and approval for
continuation

Write-up of conclusion chapter

Meetings with supervisor/Final adjustments to
paper

Printing and binding of report

Hand-in of final report

Preparation for viva

Preparation of conference paper on UgCD
implementation

Submission of conference paper

Attend conference

Conduct successful viva

Obtain PhD
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Appendix D: Survey questions

Survey questionnaire for users (teachers and students)

This survey is about your use of the e-learning software at your university.

1. Are you a teacher or a student at the university? [JTeacher [ Student
2. How often do you use the e-learning software?
Several times a day [_Jonce every day
[ several times a week [_]once a week
[JLess frequently than once a week
3. Is teaching/learning the primary motivation behind using the software?
Yes [_INo

4. Please indicate the extent to which you agree or disagree with each of the items
listed in the table below. Students only need to complete parts A and B, and part C
is for teachers only.

No. |Aspect Strongly | Disagree | Neutral |Agree Strongly
disagree agree

Part A - General questions

1 The program keeps me informed about what is
going on through suitable feedback.

2 The program keeps me informed about what is
going on through prompt feedback.

3 The terms used by the program are familiar to
me.

4 The information is presented in a natural and
logical order.

5 When | make a mistake, | am easily able to
revert back to the previous state.

6 | feel the program is consistent in its use of
words, situations, and actions.

7 The design is good in that | rarely see an error
message.

8 The range of possible objects, actions and
options are clearly visible.

9 | do not have to keep remembering information
as | move from one dialogue to another.

10 [Instructions to use the program are easily
available.

11 |The program allows me to perform some
frequent actions quicker.

12 |The dialogues only contain relevant and
needed information.
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No. |Aspect Strongly | Disagree | Neutral |Agree Strongly
disagree agree

13 |[Error messages are expressed in plain
language and indicate the problem precisely.

14 |The program gives constructive suggestions in
resolving any problems that occur.

15 |Help documentation is easy to find and use.
Part B - Further questions

1 Learning to use the program is easy for first
time students.

2 Icons and other screen elements used are
intuitive and self-explanatory.

3 The range of objects, actions, and options are
sufficient.

4 The interface can easily be personalised.

5 The layout of the interface is easy to
understand.

6 Navigational objects and tools are clear defined
and accessible.

7 The program provides sufficient guidance to
perform tasks.

8 The wording used in the instructions are
appropriate for learners.

9 The organisation of the content supports
learning.

10 |The program makes effective use of media
content.

11 |l do not experience any technical problems
while using the program.

12 | The program stimulates further inquiry.

13 [The program is interesting and enjoyable to
use.

14 |The program provides engaging activities.

15 |The program operates the way it is designed to
operate.
Part C for teachers only

1 The program clearly supports students'
learning goals, outcomes and objectives

2 The program allows learning objects to be
created easily.

3 The program allows learning objects to be

reused easily.
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external content to support further learning.

No. |Aspect Strongly | Disagree | Neutral |Agree Strongly
disagree agree
4 The program is able to provide useful
evaluative information about learner progress.
5 The program has sufficient facilities to facilitate
teacher-learner interaction.
6 The program has features that provide
motivation to learners.
7 The program is able to support different
learning strategies.
8 The program clearly supports effective
learning.
9 Abstract concepts are illustrated with specific
concrete examples.
10 |Users are provided with sufficient links to

Survey questionnaire for developers

How well do you think the software you have designed in the recent past is able to
capture requirements to ensure the following usability aspects?

No. |Aspect Not Not so |[Unsure |Reason|Quite |Very
well at |well ably Well well
all well

1 Minimal learning time to use the

software

2 Ease of use of the software

3 Following of established standards in

design

4 Incorporation of metaphors from

people's real world experiences

5 Facilitation of users in successfully

accomplishing intended tasks

6 Minimisation of possible errors

7 Consistently enabling quick

completion of tasks

8 Reliability of the software to work as

expected

9 Aesthetic appeal of the software

10 |Ability to engage the user

234




Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Which of the following methods do you use to capture requirements to ensure your
software is usable? (Check all that may apply.)

] Field observation

] Focus groups

] Interviews

] Logging details of actual use cases

|:] Other:

Which of the following methods do you use to check for usability afterwards?
(Check all that may apply.)

] Feature inspection
] Cognitive walkthrough
Expert evaluation
] Think Aloud approach
] Heuristic Evaluation
] Perspective based inspection

|:] Other:
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Appendix E: Interview questions

1. Please describe how you manage to capture user requirements for the software you have

developed in the recent past?
2. What do you understand by the term usability?

3. How well do you think your software has been able to ensure usability in terms of how

well users are able to learn to use the software?

4. How well do you think your software has been able to ensure usability in terms of how

well users are able to use the software effectively?

5. How well do you think your software has been able to ensure usability in terms of how

well users are able to to use the software reliably?

6. How well do you think your software has been able to ensure usability in terms of how

well users are able to to use the software in an engaging manner?
7. How do you test for usability afterwards?

8. Are you satisfied with your existing procedures to capture software requirements for

usability design?
9. Do you think there is scope for improving the way software requirements are captured?

10. Would you be willing to improve this requirements capturing process if it is possible to

do so?

11. Are you aware of Usage Centered Design and its possibilities for improving software

usability?
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Appendix F: Best Practice Document

Best Practice

Title of project: Framework for Improved Capture of Usability Requirements through

Usage-Centred Design
School Ethics Committee reference number: ERGO/FoPSE/8613

This is a study on Usage-Centred Design (UgCD) for the development of web-based e-
learning software that will be carried out in Saudi Arabia, for the purpose of a PhD
dissertation at the School of Electronics and Computer Science, University of
Southampton, UK. The focus will be on realising improved requirements capture in order
to enhance software usability in terms of learnability, effectiveness, reliability, and

capability to engage users.

Existing literature largely relates the adoption of agile methods for web development, and
in a User-Centred Design (UrCD) context. UgCD combines elements of both traditional
plan-driven and agile methods and is believed to ensure high software usability. In order to
demonstrate this, initially, the existing process of requirements capture at selected higher
education institutions in Saudi Arabia will be examined through carrying out a survey and
conducting interviews. The study will focus only on higher education academic
organisations, namely universities, and the study will later be extended to the home
institution of Southampton University for an in-depth investigation into requirements

capture.

The research will be carried out at two universities in Jeddah, one of which will be King
Abdulaziz University (KAU), two universities in Riyadh, and one in Taif. The interviews
and survey will complement each other so this will be mixed methods phase of study. A
survey questionnaire will be used to gather large scale data among users of e-learning
software, and semi-structured interviews will be carried out among key individuals
involved in the design and development of e-learning software at the selected institutions.
That is, potential participants for the interviews will be solicited from people directly
engaged in the development of web-based e-learning software at all the five universities.
The purpose of the latter will be to gain insight into the existing requirements capturing

processes so as to identify areas for improvement with respect to software usability, and to
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later demonstrate the potential of UgCD for enhancing usability. It is anticipated that a
minimum of 25 responses will be received. Each potential participant will then be invited

to participate by interview meeting, email, or phone, as appropriate.

The survey and interviews will comply with The Data Protection Act. Participation will be
anonymous and all required information will be restricted to that which would be relevant
for the study. The data collected will not be used for any other purpose. The interview will
be recorded using a voice recorder, and notes will be taken of key points made as useful
information. The collected data will remain safe and will not be able to be accessed by
anyone else except the investigator. The survey data will be aggregated so as not to identify

any single participant.

None of the interview questions relate to any personal subject data. All the questions are
related only to requirements capture, usability and usage-centred design. Similarly, the
survey questions are only related to various aspects of usability and there are no personal
or demographic questions. Regardless, the investigator is committed to not use any
information to identify any individual and this information will remain unpublished and
secure from public access. The answers given by each participant will only be retained for
a period of one month after which they will then be deleted completed. Only data
summaries will be given and analyses will be made in the PhD thesis report. No data
relating to individual subjects will be contained therein that could be used to trace
individuals through their responses. Moreover, participants will be able to have access to
the published material generated by this study, which will be available by contacting the

School of Electronics and Computer Science (ECS) School office at:

Electronics and Computer Science, University of Southampton, SO17 1BJ, United
Kingdom

Tel: +44 (0)23 8059 6000; Fax: +44 (0)23 8059 6881; Email:
school@ecs.soton.ac.uk

Will be published on the ECS eprints websites
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Appendix G: Consent Information Document

Consent Information

Title of PhD project: Framework for Improved Capture of Usability Requirements

through Usage-Centred Design
School Ethics Committee reference number: ERGO/FoPSE/8613

Each member has the rights to unconditionally withdraw at any time and for any reason,
and has the rights to retain any inducement following withdrawal. If the interview is
submitted and the participant wishes for the removal of their submission, this can be done

by emailing the investigator on:

kjalg09@ecs.soton.ac.uk

or by contacting the School Ethics Committee on:

Electronics and Computer Science
University of Southampton

SO17 1BJ

United Kingdom

Tel: +44 (0)23 8059 6000

Fax: +44 (0)23 8059 6881

Email: school@ecs.soton.ac.uk

The School Ethics Committee reference number should be included in all your

communication.

The participant may also refer to the Best Practice document for information related to
subject data that is requested as part of the interview. This study does not involve any
intrusion that will imply extant risk of unwelcome effects upon a participant’s privacy,

person, or time. The completion of the interview should not take more than 15-30 minutes.

239


mailto:school@ecs.soton.ac.uk
mailto:kja1g09@ecs.soton.ac.uk

Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Appendix H: Ethics Committee Application

Application for Expedited Review

OFFICE USE ONLY Reference number: E /]

[yy/mm/nnn]

Name of investigator(s): Date of application:
Kholod Jeza Alotaibi Signature(s):

(Please review the definition of ‘signature’, below.)

Name of supervisor(s): Dr Signature(s):

Andrew M Gravell
(if applicable)

(Please review the definition of ‘signature’, below.)

Title of study: Framework for Improved Capture of Usability Requirements

through Usage-Centred Design

If the study is invasive, involves minors, animals, or coercion, please refer to your

Group Representative on the School Ethics Committee.

Yes

Does the study involve human participants?
If ‘No’, approval for the study may be dealt with by Chair’s
Action.

Is the risk of harm to any participant insignificant?

Will every participant be able to withdraw from the study at
any time and for any reason?

Will every participant be informed of the true purpose of the
study before the study begins?

Does the study involve deception of any participant?

Does the study involve sensitive data?

Is the study intrusive?

| N|Oo WU

Does the study involve subject data?

If ‘Yes’ or ‘Maybe’, the study requires a consent document.
Additionally, explain and provide in attached pages the ‘best
practice’ as it will apply to the study. If ‘No’, the study
requires consent information only.

(Note that if the study involves subject data in respect of
participants who are ALL students of the University, or does
not involve subject data, the study may be eligible for ‘ES’
review instead.)

Does the study involve inducement to any participant?
If ‘Yes’, explain the nature of the inducement (eg course
credit) in an attached paragraph.

No

Attach a description of the study. Attach copies of any questionnaires or other

study instruments. Version number every document.

Names of ECS SEC Date of approval:

240



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

reviewing members:

(1)
(2)
(3)

Signatures:

Appendix I: Raw survey data

VAR
Al
A2
A3
Ad
A5
A6
A7
A8
A9
Al10

Table 61: Raw survey data

LABEL NW NSW U RW QW VW
Minimal learning time 20 13 17 76 54 32
Ease of use 0 0 21 42 76 73
Established standards 4 6 5 44 72 81
Use of metaphors 18 27 39 55 41 32
Facilitate users in tasks 19 36 49 28 38 42
Minimisation of errors 10 17 88 29 33 35
Consistent/Quick task completion 27 18 28 56 39 44
Reliability 8 6 12 48 51 87
Aesthetic appeal 1 14 36 76 28 47
Ability to engage 19 27 48 41 37 40
Total 136 164 343 495 469 513
Weight -2 -1 0 1 2 3
WV 2712 -164 0 495 938 1539

TOTAL OWV
212
212
212
212
212
212
212
212
212
212

227
413
417
170
156
163
194
389
237
170

Table 62: Results for methods used to capture
requirements

VAR
Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11

LABEL

Field observation
Focus groups
Interviews

Logging details of actual use cases

Other -Survey

Other -Secondary research

Other -Workshops

Other -As instructed

Other -Meetings

Other -Brainstorming

Other -None

Total

Q

35
157
178

76
195

69

48

71

68
122

12

1031
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Table 63: Results for methods used to check for
usability afterwards

VAR LABEL Q
C1 Feature inspection 58
Cc2 Cognitive walkthrough 18
C3 Expert evaluation 42
C4 Think aloud approach 9
C5 Heuristic evaluation 5
C6 Perspective based inspection 7
c7 Other -User trial 127
Cc8 Other -User feedback 91
Cc9 Other -None 79
Total 436

Appendix J: PSPP analysis and output

Variable view

Table 64: Variable view of the survey dataset
v PSPP_data.sav [DataSet1] — PSPPIRE Data Editor

File Edit view Data Transform Analyse Utilities windows Help

=R L Q TE ET®
Name Type Width | Decimals Label Values Missing Columns Align Measure
1 A1) Numeric 8 0 owv None None 8 Right Scale
2 A2 Numeric 8 3 Mean None None 8 Right Scale
3 B Numeric 8 0 Methods None None 8 Right Scale
1 C Numeric 8 0 Tests None None 8 Right Scale
5

Where A1 = OWYV values and A2 = Mean values obtained for part A of the survey, and B

and C are the values obtained in parts B and C of the survey respectively.
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Data view

Table 65: Data view of the survey dataset
PSPP_data.sav [DataSet1] — PSPPIRE Data Editor

File Edit View Data Transform Analyse Utilities Windows Help

@Y 32 Q BAE EcC

[1: A1 227

{ J Al A2 B C var var
1 1.071 35 58
2 413 1.948 157 18
3 a7 1.967 178 42
4 170 .802 76 9
5 156 736 195 5
6 163 769 69 7
7 194 915 48 127
8 389 1.835 71 91
S 237 1.118 68 79
10 170 802 122 0
" : : 12 0
12

Characteristics of OWYV values (A1)

owv

R Fommm oo - +
IN Valid | 10|
| Missing]| 0]
|Mean | 253.60]
|std Dev | 108.88]|
|Variance |11854.27|
|Minimum | 156.00]
| Maximum | 417.00]|
Fommmmmmee e e e e Fommm - +

Characteristics of mean values (A2)

Mean

R +----+
|N Valid | 10|
| Missing]| 0]
|Mean [1.20]
|Std Dev | .51]
|Variance | .26]
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[Minimum | .74
| Maximum [1.97]

Mean

R LTS +omm- +
N Valid | 10|
| Missing | 1]
| Mean | 1.20]
|S.E. Mean | 16|
|Mode | 80|
|Std Dev | 51|
| Variance | .26]
| Kurtosis |-1.29]
|S.E. Kurt | 1.33]
| Skewness | .84
|S.E. Skew | .69
| Range | 1.23]
|Minimum | .74
| Maximum | 1.97|
| Sum [11.96|
| 50 (Median)| .993|
S S e +

Characteristics of values for recapturing methods (B)

Methods

U Fommm - - +
N Valid | 11
| Missing]| 0]
| Mean | 93.73]
|Std Dev | 60.40]
| variance |3648.42|
[Minimum | 12.00]
| Maximum | 195.00]
e Feomemmm- +

Tests

U Fommm - - +
N Valid | 11|
| Missing]| 0]
| Mean | 39.64]
|Std Dev | 43.56]
| Variance |1897.65]|
[Minimum [ .00
| Maximum | 127.00]
R L LT Fommmmm +

Spearman rank correlation analysis

A2 with B

Symmet ric measures.
H====—===—=——-o-o—o—--oo——-ooooooooooooof oo oo oo o=
#Category Statistic #Value| Asymp. Std.| Approx. | Approx.#
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H*
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1

H*

#0rdinal by
#0rdinal
#Interval by
#Interval

#N of Valid Cases

Spearman
Correlation
Pearson's R

H*

* OB H H H

I
H

#

A2 with C

Symmetric measures.

m

#

H

=

s

#Category

#0rdinal by
#0rdinal
#Interval by
#Interval

#N of Valid Cases

Statistic

Spearman
Correlation
Pearson's R

Error |

% %

B o HF O B H*

H
7

B with C

Symmetric measures.

I
H
i

H*

#Category

#0rdinal by
#0rdinal
#Interval by
#Interval

#N of Valid Cases

Statistic

Spearman
Correlation
Pearson's R

| Error |

Approx.
Sig.

H* B FH*

* OB H H H

I
H
H

#

Factor analysis

#

/VARIABLES= A1 A2 A3 A4 A5 A6 A7 A8 A9 A1l0

MINEIGEN (1) ITERATE (25)

INITIAL EXTRACTION ROTATION

i
H
”

#Initial |Extraction#

FACTOR

/CRITERIA

/EXTRACTION =PC

/METHOD CORRELATION

/PLOT EIGEN

/PRINT =

/CRITERIA = ITERATE (25)

/ROTATION = VARIMAX.
Communalities
#
# ________________________________
# Minimal learning time#
# Ease of use#
# Established standards#
# Use of metaphors#
# Facilitate users in tasks#
# Minimisation of errors#
#Consistent/Quick task completion#
# Reliability#
# Aesthetic appeal#

PR RPRPRRRRRR
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# Ability to engage# 1.00] .96#

L S e e e e e e e e e e
# # Initial Eigenvalues # Extraction Sums of # Rotation Sums

# # # Squared Loadings # of Squared

# - J— S T R e - J—- S - R T - J—- S - +
#Component#Total| % of |Cumulative#Total| % of |Cumulative#Total| % of |
# # | Vvariance| % # | Variance| % # | Variance|
fommmmema- #o-n-- Fommmmmm Fommmmmaaa f#o-n-- Fommmmmm Fommmmmaaan #e-n-- Fommmmmm +
#1 # 9.35] 93.54| 93.54# 9.35]| 93.54| 93.54# 9.35]| 93.54|
#2 # .24 2.40| 95.94# | | # | |
#3 # .11 1.07] 97.01# | | # | |
#4 # .09] 85| 97.86# | | # | |
#5 # .06]| .62] 98.48# | | # | |
#6 # .05| .49 98.97# | | # | |
#7 # .04 40| 99.37# | | # | |
# # I I # I I # I I
L e e e e e e e e e e e e e e e e
# # Initial Eigenvalues # Extraction Sums of # Rotation Sums

# # # Squared Loadings # of Squared

# H----- +-------- F----- - - - H----- +-------- F--mm - - - H----- +-------- +
#Component#Total| % of |Cumulative#Total| % of |Cumulative#Total| % of |
# # | Variance| % # | Variance| % # | Variance|
e H#H----- +-------- R H#H----- +-------- R H#H----- e +
#8 # .03 32| 99.68# | | # | |
#9 # .02] 18| 99.87# | [ # | [
#10 # .01 13| 100.00# | | # | |
L S e e e e S e e e e e e
H=========fH=—=—=——=—====c=H#

# #of Squared#

# #gs #

# Heommmmmmm e #

#Component#Cumulative#

# # % #

EEEEEEEEE H-mmmm - - #

#1 # 93.54#

#2 # #

#3 # #

#4 # #

#5 # #

#6 # #

#7 # #

#8 # #

#9 # #

#10 # #

H=========fH=—=—=——=—====c=H#

e R e e e e e

#Component#
# Hrmmmmm - #

# 1 #
R R T H#Hemmmmmm - #
# Minimal learning time# LO7#
# Ease of use# L97#
# Established standards# .944#
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# Use of metaphors# .98#
# Facilitate users in tasks# LOT#
# Minimisation of errors# .95#
#Consistent/Quick task completion# .98#
# Reliability# .95#
# Aesthetic appeal# .98#
# Ability to engage# .98#

=

4y 4y
H H
H H

Rotated Component Matrix

4y
H

# #Component#
# LR #
# # 1 #
I H---mmm - #
# Minimal learning time# LOTH#
# Ease of use# L97#
# Established standards# .94+#
# Use of metaphors# .98#
# Facilitate users in tasks# L97#
# Minimisation of errors# . 95#
#Consistent/Quick task completion# .98#
# Reliability# . 95#
# Aesthetic appeal# .98#
# Ability to engage# .98#
------------------------ PART B -=----c-ccccccccnccnnaan
FACTOR

/VARIABLES= B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11

/CRITERIA = MINEIGEN (1) ITERATE (25)

/EXTRACTION =PC

/METHOD = CORRELATION

/PLOT = EIGEN

/PRINT = INITIAL EXTRACTION ROTATION

/CRITERIA = ITERATE (25)

/ROTATION = VARIMAX.
Communalities
# #Initial|Extraction#
e H#H---m-- R #
# Field observation# 1.00] .65#
# Focus groups# 1.00] TTH
# Interviews# 1.00] .82#
#Logging details of actual use cases# 1.00]| . 86#
# Other - Survey# 1.00] .63#
# Other - Secondary research# 1.00]| .92#
# Other - Workshops# 1.00]| .78#
# Other - As instructed# 1.00] .91#
# Other - Meetings# 1.00] .92#
# Other - Brainstorming# 1.00] .65#
# Other - None# 1.00] .28#
# # # #
Total Variance Explained
# # Initial Eigenvalues # Extraction Sums of # Rotation Sums
# # # Squared Loadings # Loadings
# H----- R ] H----- R ] H----- R +

#Component#Total| % of |Cumulative#Total| % of |Cumulative#Total| % of |
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# # |variance| % # |variance|
- — #--m-- Fommo o F R #--m-- S R —
#1 # 6.22| 56.58| 56.58# 6.22| 56.58|
#2 #1.97| 17.94| 74.52# 1.97| 17.94|
#3 # .99 8.97| 83.49# |

#4 # .60]| 5.42| 88.91# |

#5 # .45] 4.06 | 92.97# |

#6 # .31] 2.82| 95.80# |

#7 # .19] 1.73] 97.53# |

#8 # 15| 1.35] 98.88# |

#9 # .09] 81| 99.69# |

#10 # .03| 23] 99.92# |

#11 # .01 08| 100.00# |

e S e e e S i
SRR

# #of Squared#

# #gs #

# H---mmmm - - - #

#Component#Cumulative#

# # % #

Hommm - - Hrmmmmm - #

#1 # 48.41#

#H2 # 74.52#

#3 # #

#4 # #

#5 # #

#6 # #

#7 # #

#8 # #

#9 # #

#10 # #

#11 # #

EEEEEES e

Component Matrix
#:::::::::::::::::::::::::::::::::::#::::::::::#
# # Component#
# H----t----- #
# # 1] 2 #
e T H---ot----- #
# Field observation# .74| .31#
# Focus groups# .60| -.64#
# Interviews# .50| -.76#
#Logging details of actual use cases# .92| .14#
# Other - Survey# .37| -.71#
# Other - Secondary research# .94| .20#
# Other - Workshops# .84| .29%#%
# Other - As instructed# .94| 18#
# Other - Meetings# .93| .20#
# Other - Brainstorming# .73| -.33#%
# Other - None# .46| .27#
EEEEE e e e e P B NS
Rotated Component Matrix

S e e e e e e
# # Component#
# H----t----- #
# # 1| 2 #
R L R H----t----- #

% #
------- H#H-----t
56.58# 5.33]
74.52# 2.87|
# I
# I
# |
# I
# |
# I
# I
# I
# I
S======#=====#

| variance|
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# Field observation# .80| .06#
# Focus groups# .24| .85#
# Interviews# .10| .90#

#Logging details of actual use cases# .88| .30#
# Other - Survey# .01| .80#
# Other - Secondary research# .92| .25#
# Other - Workshops# .88| .13#
# Other - As instructed# .92| .27#
# Other - Meetings# .92| .25#
# Other - Brainstorming# .50| .63#
# Other - None# .53| -.03#

I I 4y 4y
H H H H
H H H H

/VARIABLES= C1 C2 C3 C4 C5 C6 C7 C8 C9
/CRITERIA = MINEIGEN (1) ITERATE (25)
/EXTRACTION =PC

/METHOD = CORRELATION

/PLOT = EIGEN

/PRINT = INITIAL EXTRACTION

/CRITERIA = ITERATE (0)

/ROTATION = NOROTATE.

Communalities

# #Initial |Extraction#

R L R EEE LT H------- e L #

# Feature inspection# 1.00] LTOH

# Cognitive walkthrough# 1.00] .66#

# Expert evaluation# 1.00]| .68#

# Think aloud approach# 1.00] .87#

# Heuristic evaluation# 1.00] . 78#

#Perspective based inspection# 1.00] .O0#

# Other - User trial# 1.00] .58#

# Other - User feedback# 1.00]| .84#

# Other - None# 1.00] .87#

Total Variance Explained

# # Initial Eigenvalues #Extraction Sums of Squared Loadings#
# - J——— . T —— - S T —— e #
#Component#Total| % of |Cumulative %# Total | % of | Cumulative %#
# # | Variance | # | Variance | #
F2 S H#o---- E SRR oo 2 oo S ——— #
#1 # 4.79] 53.18]| 53.18# 4.79| 53.18] 53.18#
#2 # 2.19] 24.32| 77.50# 2.19] 24.32| 77.50#
#3 # .73 8.14| 85.64# | | #
#4 # .43 4.76| 90.40# | | #
#5 # .31 3.43| 93.83# | [ #
#6 # .22] 2.42| 96.25# | | #
#7 # .15| 1.70] 97.95# | | #
#8 # .09]| 1.04| 98.99# | | #
#9 # .09]| 1.01] 100.004# | | #
Component Matrix

# # Component#
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# H----t----- #

# 1| 2 #
R e H#o--mt----- #
# Feature inspection# .82| .35#
# Cognitive walkthrough# .75| -.31#
# Expert evaluation# .81| .17#
# Think aloud approach# .71| -.61#
# Heuristic evaluation# .61| -.64#
#Perspective based inspection# .68| -.66#
# Other - User trial# .60| .48#
# Other - User feedback# .76| .52#
# Other - None# .79| .49#
Ho==—=—===———oooo——ooo———ooooooH oo oo

250



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

Appendix K: Correlation matrices

Correlation matrix for usability aspects

Table 66: Correlation matrix for usability aspects

A B C D E F G H I J
Correlation A 1.00
Coefficient 0
Sig. (2-tailed)
Correlation B . 1.00
Coefficient 456* | 0
Sig. (2-tailed) 010
Correlation C . . 1.00
Coefficient 367* | 340 | 0
Sig. (2-tailed) 010 | .000
Correlation D . 0.40 | . 1.00
Coefficient 371* | 3* 272710
Sig. (2-tailed) 010 | .000 | .045
Correlation E .048 | . 245" | 157" | 1.00
Coefficient 440* 0
Sig. (2-tailed) 448 | .000 | .049 | .047
Correlation F 1467 | . 235" | 0.31 -.030 | 1.00
Coefficient 303" 0* 0
Sig. (2-tailed) 050 | .030 | .040 | .026 | .640
Correlation G . .060 119 . -172 | .075 1.00
Coefficient 261%* 105* | ™ 0
Sig. (2-tailed) .045 | .339 | .058 | .049 | .006 | .237
Correlation H . . 232" | .106 | .128" | -.092 | -.044 | 1.00
Coefficient 475" | 396" 0
Sig. (2-tailed) .000 .002 .044 .091 .042 144 | 482
Correlation I 027 | . 206" | .083 | .151" | .041 | . . 1.00
Coefficient 426" 2127 | 4377 | O
Sig. (2-tailed) .665 .000 .040 .190 .051 515 .001 .000
Correlation J .086 .062 2627 | .045 .128 1367 | -.063 | . .037 1.00
Coefficient 197" 0
Sig. (2-tailed) 173 .325 .039 477 .072 .030 317 .002 .558

*-. Significant at 95% level
**. Significant at 99% level

Correlation matrix for usability capturing methods

Table 67: Correlation matrix for usability capturing methods

A B C D E F G H I J
Correlation AA -.085 | .024 -.089 | . 112 1467 | . -.012 | .104 171
Coefficient 249 599"
Sig. (2-tailed) 176 | .705 159 .000 .075 .020 .000 .846 | .100 .056
Correlation AB -.105 | .001 064 | .017 | -.023 | .026 .086 | .097 |. .006
Coefficient 259™
Sig. (2-tailed) .095 .985 314 .790 714 .680 .175 123 .000 .701
Correlation AC -.072 | .302" | .015 134" | 0.118 | -.113 | . -.039 | .147" | .038
Coefficient * 225"
Sig. (2-tailed) 251 .038 .000 .033 .050 074 .000 .540 .019 .542
Correlation AD . . 0.07 .022 .039 . .075 122 138" | .047
Coefficient 1717 | 441 | 8 361"
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Sig. (2-tailed) .040 .000 .065 723 .538 .000 236 .052 .028 460
Correlation AE .086 159" | .026 .065 . .031 -.002 | .013 .103 .023
Coefficient 166"
Sig. (2-tailed) 172 011 .682 .307 .008 .629 978 .842 .001 .000
Correlation AF 1317 | 117 -.059 | . 136" | .184 .094 . . 159"
Coefficient 256" 440 | 486"
Sig. (2-tailed) .037 .064 351 .000 .030 .063 137 .000 .000 011
Correlation AG -.055 | .058 .030 1267 | -.104 | .150° | . .052 . .
Coefficient 225" 193" | 197
Sig. (2-tailed) .379 .362 .634 .045 .098 .017 .000 414 .002 .002
Correlation AH .046 .013 .050 -.040 | . . . 123 .300 -.065
Coefficient 444 | 178" | 276
Sig. (2-tailed) 465 .835 424 522 .000 .005 .000 .071 .000 .304
Correlation Al . 206" | .376° | .130" | -.077 | . .015 . .061 .098
Coefficient 258" 251" 190™
Sig. (2-tailed) .000 .010 .015 .038 222 .000 .070 .002 .335 120
Correlation Al -.047 | . .080 -.002 | -.129 | .015 -.035 | .079 .162 .033
Coefficient 409™
Sig. (2-tailed) 452 .000 .204 .976 .070 .810 .576 .080 .060 .600
Correlation AK .037 . .194 .030 .056 -.170 | .013 .084 -.032 | .055
Coefficient 494™ **
Sig. (2-tailed) .563 .000 .082 .632 .373 .007 .501 .182 .613 414
Correlation matrix for usability testing methods
Table 68: Correlation matrix for usability testing methods
A B C D E F G H I J

Correlation AAA | .105 .108 .016 130 .048 -405 | -.165 | . -.215 | .125°
Coefficient ** - 2257 | ™
Sig. (2-tailed) 010 | .012 | .799 | .048 | 446 | .000 | .009 | .000 | .001 | .046
Correlation AAB | .035 014 . 139 . -.060 | .101 .055 . 113
Coefficient 250" 176" 259"
Sig. (2-tailed) .581 .821 .000 .058 | .005 .345 110 .381 .000 .074
Correlation AAC | .010 | -.014 | -.007 | 135 | . -.005 | -.039 | -.088 | -.012 | .
Coefficient 207" 197
Sig. (2-tailed) .880 821 915 .023 .001 935 .534 163 .844 .002
Correlation AAD | .155 . .168 132 112 -271 | -.027 | -.054 | .157" | -.124
Coefficient 292" ** )
Sig. (2-tailed) 214 .000 107 .046 .075 .000 .672 .394 .012 .049
Correlation AAE | 0.20 .103 .093 .088 .069 -197 | . -.154 | . .140"
Coefficient 4 ** 2307 | ° 207"
Sig. (2-tailed) .099 .062 141 161 273 .002 .000 .014 .001 .025
Correlation AAF | . 113 211 193 . . -.039 | -.067 | . .
Coefficient 195™ 206™ | 214™ 245" | 275"
Sig. (2-tailed) .002 A1 .061 .100 .001 .001 .542 .286 .000 .000
Correlation AAG | .129" | -.028 | -.109 | .080 -.036 | -.047 | .137" | -.178 | -.148 | .040
Coefficient N "
Sig. (2-tailed) .041 .663 .085 205 .566 461 .029 .005 .019 .529
Correlation AAH | . . . -.084 | -.180 | -.171 | -.042 | . .084 -.015
Coefficient 2317 | 229" | 328™ ** ** 404™
Sig. (2-tailed) .000 .000 .000 .182 .004 .007 511 .000 .185 .816
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Appendix L: Raw interview data

Summary of interviewee responses (translated as necessary):

RESPONSES TO QUESTION 1: Please describe how you manage to capture user

requirements for the software you have developed in the recent past?
Interviewee 1

We collect detailed requirements using many methods as we think suitable for the project.
Most often we use interviews, focus groups and survey questionnaires, and sometimes
we hold workshops, make observations and also develop prototypes if the project is
important. We have also started devising a traceability matrix because sometimes there

are legal implications of choosing specific requirements.
Interviewee 2

We do detailed planning and collect all the necessary user requirements before we start on
the coding for the software. We do everything very carefully. We don't always have
time to involve users deeply, so in those cases we rely on the survey method.
Otherwise, we try to give potential student and teachers a chance to trial the beta

version before we put out the final one.
Interviewee 3

I am new here so I've only worked on improving existing software in our collection. But
our development team has a procedure for finding out what users want during the
early stage of software development before we start on the programming. I believe the

team has done surveys and sometimes held focus groups to find out what users want.
Interviewee 4

We involve users. We ask them what they want. [How?] We ask them directly. [As in an
interview?] It's not formal. We invite them. Then we give a brief introduction to the
project and they give us their opinions and we take them into account. [Like a focus

group?] Yes, but informally.
Interviewee 5

We have a detailed and thorough requirements gathering procedure. [What methods do you
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use for this?] We do brainstorming, meetings, we consult all developers for ideas, and
sometimes we arrange workshops for large projects. [And these help you to capture
user requirements?] Yes. [Do you not involve users in the process?] Users test the
software afterwards and then we make continuous improvements and bring them out

in new versions.
Interviewee 6

We ascertain user requirements through careful planning. [Do you involve users in the
process?] Our developers work together to determine all the software requirements.
Yes, we get instructions what kind of software is required by the management of the
university and then we do the research and start the development. [But you don't
involve users in the process?] You mean students? [Yes, and also teachers, whoever

will be using the software.] Not directly, no.
Interviewee 7

We use the PMP method for software development. When we devise the plan, we identify

all the requirements and we work to satisfy those requirements as best we can.
Interviewee 8

User requirements, yes, we take care of that at the beginning while we plan for the project.
[Does that process involve the users?] Yes, sometimes we ask the users for their
suggestions, it depends on the project and how the managements wants us to proceed
with it.

Interviewee 9

User requirements... for user requirements, we ask the users directly. Sometimes this is
important for large projects, then we ask users for what they would like to see in the
software, and we try our best to accommodate their wishes as far as possible. [How do

you find out what they want?] We use surveys mostly. Focus groups and interviews are

used sometimes too, and on occasions, we've held workshops for large scale projects.

Interviewee 10

All the necessary requirements are gathered upfront as this helps us ensure we meet all
those requirements during the programming. [Does the process involve users?] User

requirements, of course, because we develop the software for users so they are all user
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requirements. [Do you ask the users what they want?] Yes, sometimes we do that
because we have to make sure the software meets their needs. [But not all the time?]

Um, depends on the software I think.
Interviewee 11

Our software development team follows strict procedures from defining the software
parameters and gathering requirements through to completion. When the requirements
are gathered, user requirements are captured through brainstorming what we might
need and asking potential users directly what they think they need. [How do you ask
users?] We ask them, in an informal manner, and they tell us, and we take note of it,

but what we incorporate into the design, is decided by the senior members of the team.

Interviewee 12

We capture user requirements very carefully before we start to develop the software. [And,
how do you do that?] We carry out research to document everything we might need to
include in the design. [Do you ask students for what they might need and if so, how?]
Yes, the users tell us usually by providing suggestions and giving their responses to a
questionnaire. Occasionally, we choose to ask them directly if it's an important project.

[As in interviews?] Yes.

Interviewee 13

We invite the users to give us their thoughts and we consider these suggestions carefully in
our design. [How do you invite them?] We use a variety of methods. For example, we

did some surveys in the past, and sometimes we ask them together in groups.

Interviewee 14

User requirements, we capture them by talking to our users to know what they need. [How
do you talk with them.] We invite anyone interested in using the software and ask for

their suggestions at a time when we can take their suggestions on board.

Interviewee 15

We use PMP to develop our software. We capture user requirements by undertaking

research before we start to make the program.

Interviewee 16
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We find out the user requirements by doing analysis of what future users might need.

{How?] We find out from a sample of users and do a survey.

Interviewee 17

We are given the requirements and we have to work with those requirements to carry out
the project according to them. [Who makes the list and how?] The senior members of

the team get together and decide what requirements to have.

Interviewee 18

Our research team finds out what the users want to have in their software, then we make
the software. [How do they find this out?] Sometimes they get instructions from the

clients and sometimes they invite the users to discuss what they want.

Interviewee 19

Depending on the software to be developed, we carry out a survey and sometimes

interviews in groups.

Interviewee 20

First we do the plan. We find out the requirements by asking the users directly and

sometimes by means of a survey and we develop the software accordingly.

RESPONSES TO QUESTION 2: What do you understand by the term usability?
Interviewee 1

I understand usability to mean the ability to use a software as one would like it. For
example, it should be easy to use and not complicated. But it should also be enjoyable,

and reliability is very important too because it must work as it is supposed to.
Interviewee 2

Usability is about how well the software can be used by its end users so it is important
because the users after all will be using the software in the end. We should strive to
make these end users satisfied by making sure the software satisfies their needs. If it

does, then it is usable, otherwise not.

Interviewee 3
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I think there is a big interest in ensuring software usability these days. Some older
programmers don't take it too seriously, but I've learnt to make it a high priority. It is
all about making the software usable, for example, in terms of reliability, enjoyability,
ease of use, and so on. It is about ensuring the software is designed and operates the

way it is supposed to and users can use it well without any problems.
Interviewee 4
It means how good the software can be used. If it can be used properly, it's usable, that's it.
Interviewee 5

I understand it to mean the software can be used by its users in a way that is easy, efficient,

and enjoyable at the same time.
Interviewee 6

Usability refers to how well the software can be used, and this has many aspects. For
example, if it is easy to use, and it can do what is designed to do, then the software

usability is good.
Interviewee 7

Usability... it's about making the software usable. [And, what makes a software usable?] If

it can be used, if it works and it works well, it is usable.
Interviewee 8
It's about how useful a software is. [Useful for whom?] For the users of course.
Interviewee 9

Usability is about things like reliability, efficiency, how easy it is to use, and how much it
is liked. So usability encompasses a number of things. In short, we can say it is about

how usable the software is by its end users.

Interviewee 10

It concerns certain aspects of the software design that makes the software highly usable for
its users. [What kind of aspects?] Like, it should work first of all. It should be easy to

use. It should basically do what the users want it to do.

Interviewee 11
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Usability is about the capability of the software to do what it is supposed to do. [What
might that include?] If it meets the requirements, if it's engineered the way it was
planned, if it works and it works efficiently, I suppose that makes the software usable

and that's what usability is about.

Interviewee 12

Usability, it's a term that's used to describe how well a software can be used. It's a broad
term though. It encompasses such aspects as reliability, efficiency, how easy it is to use

and remember, compatibility, how pleasurable it is to use, and other such aspects.

Interviewee 13

Usability is all about making software fit for use. It must work properly of course, but it

should also be enjoyable and easy to use.

Interviewee 14

It is about how good is the software to be used. [In what ways?] In how it looks, how it

performs, how well it is made and works.

Interviewee 15

How well a software can be used is usability, I'd say. [In what way?] If it works well, if it

can do what it's supposed to do.

Interviewee 16

Usability defines the extent to which the software can be used easily and reliably.

Interviewee 17

The software must be usable of course. How much it is usable is what usability is about.

Interviewee 18

If the software is made well and the users can comfortably use it they way they expect,

usability requirements are met.

Interviewee 19

Usability dictates aspects such as how reliable and satisfactory the software is, and how

easy it can be used for what users want to do with it.
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Interviewee 20

I understand usability to be about things like ease of use, extent of satisfaction, adequate

performance of the software, and so on.

RESPONSES TO QUESTION 3: How well do you think your software has been able
to ensure usability in terms of how well users are able to learn to use the

software?
Interviewee 1

We try our best to make the software easy to learn to use by making it organised logically
and asking some potential users to try it. If the project is important and we develop a
prototype, this gives us the chance for more users to try out the software before we

create the real version and we ask them for feedback.
Interviewee 2

I think we are in a very strong position of always ensuring usability due to our detailed
planning. The trials make it possible to test how well the software can be learnt

quickly and to make any changes to improve things if they need improvement.
Interviewee 3

Our team focuses on usability and one area we work hard on is making it easy to learn to
use. Normally, we use familiar elements for the interface and procedures from the
operating system and common programs as this makes it easy for users. The few non-
familiar aspects are carefully organised to make it intuitive and minimise the

possibility of erring.
Interviewee 4

When we ask the users, I suppose that goes some way to making the software usable.
Learning to use, they can only do that after it is developed. [So how do you ensure
they can learn it easily whilst at the developing stage?] The way we design it, we do

our best it can be used easily.

Interviewee 5

259



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

When we plan for the software, we take care of such factors to make sure the end users can
use the created software easily as far as is possible. The continuous improvements also

allow us to make refinements so eventually it becomes as easy to use as possible.
Interviewee 6

We plan very carefully as I said, and if the software is made to be easy to use then the

students can learn to use it easily.
Interviewee 7

If the software is made with familiar elements and in a consistent manner, then the end

users can learn to use it easily.
Interviewee 8

I think we make terrific software and it proves to be useful, yes. If it's well-designed, then

it is more likely to be useful.
Interviewee 9

I'm confident we produce software that is highly usable in a way that end users can learn to
use it easily. We design all elements carefully with the consultation of the end users

and this ensures they can learn to use it.

Interviewee 10

When we make the software, all the requirements are ascertained and design
considerations are made upfront. Users can learn to use it, this is ensured from the
start. We also solicit feedback so users can tell us if they face any issues. Then we

keep improving the software all the time.
Interviewee 11

Due to the intensive planning and detailed design, I am confident the end result is software

that users can learn to use easily, yes.

Interviewee 12

Software should be designed so that it is easy to learn to use. We are very careful in how
we design our software and we take usability issues seriously. During the

development, we research all we need to know to produce software that is highly
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usable. This includes making sure it is easy to use.

Interviewee 13

They can use it easily if it is made efficiently. Our team makes the software easy to learn to

use.

Interviewee 14

It can ensure it is easy to use because we make the software after careful consideration and

planning.

Interviewee 15

PMP is an excellent method for software development. Whenever we make software, our

users can use it easily.

Interviewee 16

Yes, I believe our software is easy to learn to use. Because we ask the users what they want

and they tell us, it is made in a way that suits them best.

Interviewee 17

I am confident that users can learn to use it. Our research team does a good job of finding

out what users want.

Interviewee 18

When we are told what requirements to satisfy, and we produce the software accordingly, it

is made easy for users to use because they told us how they want it.

Interviewee 19

We ensure usability of all our software as we make it in such a way for users they can use

it easily.

Interviewee 20

Usability aspects are ensured because when we involve the users in the design, we make it

according to their requirements and we use familiar elements in teh design.
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RESPONSES TO QUESTION 4: How well do you think your software has been able
to ensure usability in terms of how well users are able to use the software

effectively?
Interviewee 1

I think because we involve users to make sure they can easily use the software then it is
assured it can be used effectively. Their trial and feedback helps us to make
improvements so that by the time the software is completed, it can be used as

effectively as possible.
Interviewee 2

Our planning process maps out all possible ways the software can be used and we then
ensure that all these ways can performed effectively. The involvement of users during
trials helps to check the effectiveness of each task before users have to do them for

real.
Interviewee 3

The involvement of users in the development process is the best way to ensure this
otherwise if they are not involved we can never be sure the software is designed well
for users to use despite our best efforts. We conduct thorough testing of the software

and this ensures usability.
Interviewee 4

As I said, when we design the software, we think about all these things, and we do our best

to ensure when it is finished, the software can be used effectively.
Interviewee 5

We make sure of all aspects of usability during the design stage, and if there is any lacking

there is always scope for further improvement in the revised versions.
Interviewee 6

Effectiveness of the software, when we do the plan, we take care of all these aspects of

usability. The software is make so that it is easy and effective in use.

Interviewee 7
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The method we use is very detailed so the software is bound to be effective otherwise it

would not be made available. We always ensure effectiveness this way.
Interviewee 8

It has to be effective. If it's well-designed, then it would have to be effective, so we always

ensure we make effective software because we plan it properly before making it.
Interviewee 9

Effectiveness is quite well insured as well. When we plan the design, all important details
are taken care of and the development process makes sure the software is made to be

effective, efficient and reliable.

Interviewee 10

Using it effectively is similarly made sure of through ascertaining all the necessary

requirements and programming to make sure those requirements are met.
Interviewee 11

Effectiveness is ensured because I said we do the plan and gather the requirements and

make the software accordingly.

Interviewee 12

Yes, effectiveness is important. Again, we ensure this and all other important aspects of

usability by how we design our software.

Interviewee 13

It is effective because we make the software ourselves. We make it very carefully.

Interviewee 14

Effective use is assured because we plan it carefully and make sure it will be effective as

possible.

Interviewee 15

PMP is a very effective method for software development. When we make the software

using PMP, it is very effective.

Interviewee 16
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By carefully taking our users' needs into account, the software is made effective because it

is designed precisely according to those requirements.

Interviewee 17

The research team does a wonderful job of knowing how to make the software effective.

And our development team satisfies those specifications in every detail.

Interviewee 18

Our software is effective. The instructions to make them are always clear and we don't

finish the job until the software is developed to our satisfaction.

Interviewee 19

Effectiveness of our software is guaranteed. We develop the software very carefully to

ensure usability.

Interviewee 20

If users can use the software effectively then the software is usable. Their feedback and our

continuous development cycle helps to improve the software.

RESPONSES TO QUESTION 5: How well do you think your software has been able
to ensure usability in terms of how well users are able to to use the software

reliably?
Interviewee 1

We give high priority to reliability of all our software. As I said, the trials and feedbacks
are useful for this purpose because if there is any problem, it can be spotted early and
we can improve the software. We work in teams to make sure the software works well

as it is supposed to be, and the user input helps so that the final version runs smoothly.
Interviewee 2

Planning ensures reliability is maintained throughout the software development life cycle.
Reliability is important so that the software can be used for which it is designed. The

trial stage makes sure users are satisfied with this aspect of the software.

Interviewee 3
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Reliability is a very important consideration in software development. By involving users
and otherwise, the software is checked thoroughly before the final version is released

for guaranteeing its reliability.
Interviewee 4

We make sure of all these factors when we design the software. We don't release a software
until we are satisfied it is reliable because if it is not reliable, I don't think we can

justify releasing it.
Interviewee 5

In the same way, the planning process we conduct with great care and detail and the further
improvements we continue to make are targeted at making the software usable, easy,

effective and reliable, and so on.
Interviewee 6

Of course, reliability is very important. Everything is considered during the planning. Also,
we always make more improvements so reliability is always improving and sometimes

we have to update the software in line with the latest technologies.
Interviewee 7

Our planning is very detailed, so the software is always going to be reliable, otherwise as I
said, it would not be given to the end users. If there is any lacking in reliability then

this is important to fix.
Interviewee 8

The same I would say. When we make the software, it is all planned carefully to make sure

it is effective and reliable.
Interviewee 9

Reliability is also insured in this way. The development process makes sure what we
produce is efficient and reliable as far as is practically possible. The development does
not end until out team is sure we have produced software that is capable of being used

reliably.

Interviewee 10
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I don't think reliability is ever a problem because the entire development process ensures
something as important as reliability is upheld. The software has to be reliable

otherwise it would not be released for use until it is.
Interviewee 11

The software is definitely reliable all the time. We make sure of that from start to end as we

plan and develop the software with the help of experienced developers.

Interviewee 12

Reliability is no doubt a very important factor for ensuring usability. When we create the
software, we strive to make it as highly reliable as possible until we are satisfied it

works the way it is designed to work.

Interviewee 13

The software we make is reliable. We make sure of that by the way we make it very

carefully.

Interviewee 14

We ensure our software reliability is good. We always plan and finish when it is ready to

use.

Interviewee 15

As you know, in PMP we plan for the software very carefully. Reliability is an important
feature of a software and the careful planning makes sure our software is always

highly reliable.

Interviewee 16

I believe our software is as reliable as we can possibly make it because a lot of time and

attention goes into making it. Then there are always improvements that are ongoing.

Interviewee 17

Our research team does a good job of ensuring usability and helping us to make highly

reliable software. I'm confident of that.

Interviewee 18
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If you see the planning that goes into developing our software, I'd say reliability is a key

priority because obviously the software has to work.

Interviewee 19

We make very reliable software because we only release it when we are confident it has

met the requirements and works perfectly.

Interviewee 20

Reliability is a very important factor. Our software is very reliable. We have a good team
for development and testing and if anything gets left out, we can always fix things

immediately.

RESPONSES TO QUESTION 6: How well do you think your software has been able
to ensure usability in terms of how well users are able to to use the software in an

engaging manner?
Interviewee 1

Yes, we do try our best to make our software enjoyable, but it depends on what software it
is, and our main priority is making sure of reliability and efficiency. When we ask
users for feedback, we also ask them how much they liked using the software, so yes it

is also important.
Interviewee 2

The software planning process is mostly concerned with things like reliability,
effectiveness, usability. But I think it is sometimes necessary to also make sure the
software can be engaging for users, especially if they are children or it is an
entertainment software. For e-learning software too, it can help to motivate the users
to learn. As I said, we provide opportunities for trialling the software, so users can

report if they don't like anything.
Interviewee 3

User involvement also ensures usability in terms of the ability to engage as this leads to
overall user satisfaction. So if users indicate their satisfaction, the software can be

assumed to be successful in engaging its users.
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Interviewee 4

Engaging, well, I think when we ask the students during what you could call a focus group,
the students tend to focus more on elements that make the software appealing to them.

So I think that ensures the software being engaging very well.
Interviewee 5

Yes, engagement is important too. Our focus when creating e-learning software is on
ensuring that learning is effective, but we do try to achieve this in a way the students

can enjoy depending on what kind of software it is, the age of the student, and so on.
Interviewee 6

Engaging for users... I think that's more important for e-learning software for younger
school age students. We make software for university students. [So is it not necessary
to make the software engaging for them?] Learning is more important for them, so I

think there are higher priorities.
Interviewee 7

Software can be engaging also. You pointed out effectiveness and reliability. I would say
these are most important first of all to make the software usable. And if possible then it

can engaging also.
Interviewee 8

Engaging, well. Engaging for students? [Yes, but also all other users as well.] We make it

engaging too I suppose. I find it engaging, yes.
Interviewee 9

Our consultation process with the end-users makes sure of that too. For us, things like
reliability and efficiency are most important, but the input from end-users is often

useful in identifying other such aspects as making it more attractive and enjoyable.

Interviewee 10

Making the software engaging is a concern we also take into account but not as important I
would say as reliability. When users tell us what they want, it ensures the software is

made engaging as well.
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Interviewee 11

The software we produce is engaging. We make sure of that when we ask the users for

what they would like to see in the software and how it should look and work.

Interviewee 12

You could say the same thing for trying to make it engaging. Our design elements are
thought out carefully so that the software can be used not only reliably but also to
provide a pleasurable experience. In the context of e-learning, I think this is important

because it makes the learning easier if the software is enjoyable.

Interviewee 13

Engaging, yes. We make engaging software for our users.

Interviewee 14

When we design the software, we make it attractive and the users like it how we make it.

Interviewee 15

Engaging is not a high priority I think, but maybe for young children's software.

Interviewee 16

In the survey of users, the users point out what they want. There's a lot of focus on making

software attractive these days and we do our best to accommodate their wishes.

Interviewee 17

We get our instructions from the research team. They tell us what to make and how to

make it and we make it as instructed. It is as engaging as we can make it.

Interviewee 18

I think it's engaging for users. We focus more though on things like reliability and for

attractiveness we do our best.

Interviewee 19

Our software is made to be attractive for users because many of our users are students and

we have to make them motivated.
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Interviewee 20

Making engaging software is important as well. Our software is always engaging and

reliable.

RESPONSES TO QUESTION 7: How do you test for usability afterwards?

Interviewee 1

You mean after the software is finished? [prompted: yes] We do more testing depending on

the importance of the software and how much time we have for this. The testing we do
is by involving users and asking them to try the software so we see how good it is
made. We always check for reliability and efficiency especially. We only finish the
software when we are satisfied with these two qualities especially but most of the
time, we have very short time and we have to do things quickly. [prompted: yes, but
what about afterwards, after the software is completed, do you test for usability
again?] No, we only complete it if it is ready and the users are happy, then it is

finished and we have to work on other projects also.

Interviewee 2

We are concerned about usability from the very beginning. During the development, the

trialling then ensures usability, and we can be satisfied that it is indeed so. Afterwards,
we sometimes do further testing while continuing to work on ongoing projects to make
further improvements in new versions. [promoted: But how do you test for usability
later?] When a project is ongoing, we use the same methods at intervals, like I

mentioned before such as surveys.

Interviewee 3

I think we do have a procedure for post-release usability testing as well but I'm not sure

about it. Even then, I think it is probably only done for some software, maybe not all.

You see, we test for usability before the final version is released.

Interviewee 4

You mean after it is developed? [Yes] We don't release software until we are satisfied it is

complete and ready to be used. When we involve the students, it is all for ensuring
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usability and their satisfaction.
Interviewee 5

Well, we make sure of usability throughout the entire development process. By the time
development is completed, this ensures the software is highly usable. [But do you test
again after the development is completed?] We are always testing and making
improvements. If it is a big and important project, we continuously improve the

software and each phase of testing helps make these improvements.
Interviewee 6

Our testing is done from start to finish. When we develop the software, we are always
making sure the software is made well. [What about after it's finished?] Yes, when it is
completed, we test the software again and only when we are satisfied it is ready then

we make the software available to the users.
Interviewee 7

Our software is developed after detailed planning. This makes it ensure usability from the
beginning. Over the course of development, the usability is always improving and by
the time it is finished being developed, the software is made available for end users

only when we are satisfied with its performance.
Interviewee 8

After what, you mean after the software is finished? [Yes.] Um, when it's done, it's done.
There's no need for any more testing. We have lots of projects in line, so we have to

move on.
Interviewee 9

Afterwards, as in after its release? [Yes.] Usability testing is mostly conducted towards the
end of the development life-cycle before the release so we can make any necessary
final modifications. Certain projects, which are ongoing, for them we continuously
make improvements as we release new versions, as is the case with our university's

main e-learning software, which is in-house developed and maintained.

Interviewee 10

After the completion of the software you mean? [Yes.] A software project is only
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completed when we are totally satisfied it is fit for productive use.
Interviewee 11

We always test the capabilities of the software we make from start to finish. [Do you test
again after it is finished?] It is not finished until it is tested and approved for use. It is

only ready when we are sure it is highly usable.

Interviewee 12

Usability testing is conducted both during and after the development and release of the
software. Many of our projects are maintained and updated so usability testing is
conducted on occasions or when there is a need to conduct it. [How do you test for
usability?] We create a set of performance tasks unique to each software and we see
how well each of those tasks is performed before and after any changes in the code.

We also use Morae software to test for usability for some projects.

Interviewee 13

What you mean by after? [After the project is finished.] But we only finish when it is

tested and everything is okay.

Interviewee 14

We work very hard and test it all the time and when it is approved as usable we give the

software to our customers.

Interviewee 15

PMP is a plan based method. We plan first and then make the software according to the

plan. Our software is always usable.

Interviewee 16

The survey helps us to know what users want so the software is usable when we make it.
[Do you test for this afterwards?] If necessary, we ask the users if they are satisfied,

yes.

Interviewee 17

The research data ensures a high level of software usability. The researchers make a careful

analysis of what is needed to get it right first time.
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Interviewee 18

Usability testing is done during the development of the software. We work together to test

it and produce it how it is needed.

Interviewee 19

After the completion? [Yes.] Well, it is ongoing development so when we get the feedback

that improvement is required or we test and find a bug ourselves, we work on it.

Interviewee 20

We release the software after all the testing is done. When we are satisfied, we release it.
Of course, sometimes a problem is only noticed after a long time of use. In this case,

we make the improvements in the next cycle depending on what kind of software it is.

RESPONSES TO QUESTION 8: Are you satisfied with your existing procedures to

capture software requirements for usability design?
Interviewee 1

Yes, we are very satisfied because we spend a lot of time and we gather the important

requirements very carefully and we have priority for making our customers happy.
Interviewee 2

Yes, definitely. We engage in careful planning and we also involve users to make sure of

usability.
Interviewee 3

I believe our team has developed a fairly satisfactory procedure for developing in-house
software and usability concerns are also addressed because users are asked directly for
what they need and we only proceed after all the necessary requirements have been

captured.
Interviewee 4
Yes, I think so. We make sure our software is well developed before releasing it.

Interviewee 5
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Yes, of course. Our existing procedures are well-grounded and well-planned. Our
development team is strong and we take care of every little detail to make the software

of a high standard and usable.
Interviewee 6

Yes, I am satisfied because we have a very good team of developers and we take care of

the whole development process to produce high quality software.
Interviewee 7

Definitely. We've been making software for many years and our in-house procedures
capture requirements very carefully and we always ensure usability and improve the

usability until the software is ready to be given to the end-users.
Interviewee 8

Unequivocally, I am, yes. We make terrific software that is always efficient, reliable, and

useful because we design it and make it carefully.
Interviewee 9

We capture most of the requirements including all the essential ones at the initial stages but
some get added during later phases. Our consultation with end-users, careful planning,
adoption of quality standards, management involvement, we do our best we can to

produce software that satisfies end-users' requirements.

Interviewee 10

Yes. I would say so.
Interviewee 11

Oh yes, definitely. I've been working for a long time in this place. Our procedures are very

well detailed and all development projects are documented.

Interviewee 12

Yes. I am satisfied with our existing procedures for gathering requirements because they

work well for us.

Interviewee 13
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Yes.

Interviewee 14

Yes, I am.

Interviewee 15

Yes, certainly.

Interviewee 16

Yes, we are satisfied. The users are involved and we make it how they want and they get it.

Interviewee 17

Yes. The researchers put a lot of effort to make sure all the requirements are met.

Interviewee 18

Yes.

Interviewee 19

I believe our existing procedures are working well.

Interviewee 20

Yes, I am. The software requirements are ascertained and the software is made accordingly

until the software is developed to our satisfication, so yes.

RESPONSES TO QUESTION 9: Do you think there is scope for improving the way

software requirements are captured?
Interviewee 1

I think there can always be scope for being more careful but it really depends on how much

time you have so we make priority, but our method, yes I am satisfied.
Interviewee 2

I am satisfied with our software development team's efforts. We work very hard and spend
a lot of time in the planning to make sure everything is as perfect as possible.

[prompted: but do you think we can improve things further?] Maybe.
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Interviewee 3

As I said, I'm new on the team here, and I think we're doing well, but I'm receptive to

finding ways to improve the way requirements are captured, yes.
Interviewee 4

There is always scope for improving software I would say. It depends on what you want to

make and how much time and investment you are willing to put into it.
Interviewee 5

Our planning is done very carefully and thoughtfully, and we make sure the software is
made to very high standards. [But, can this be improved further, especially in terms of
how the requirements are captured?] When we do the planning, we make a list of all
the software requirements; the things we need in the software and for the software to

be able to do. Then we make continuous improvements to the software.
Interviewee 6

I am satisfied with the performance of our development team. We work very hard on all
our software projects. We consider all the necessary requirements from the start and

then we develop according to those requirements very carefully.
Interviewee 7

We capture all the software requirements at the beginning. We do this very carefully. I am

satisfied our in-house development team does this very well.
Interviewee 8

I agree, you can always improve something of course, if you give it sufficient time and
attention. But I think we devote enough time and attention to make it as perfect as

possible first time round.
Interviewee 9

Scope for improvement, I'm satisfied with our development efforts. I think our team spends
a lot of time and effort already. I'm confident our requirements capturing process is

adequate to produce the software that end-users want.

Interviewee 10
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We're doing well. Maybe we can improve some things here and there, but overall we're

okay.
Interviewee 11

Improvement is possible, I don't rule out that possibility, but I'm satisfied we're doing a

good job of ensuring we produce software that meets all user requirements.

Interviewee 12

Scope for improvement cannot be ruled out. You see, a lot depends on what type of
software you are developing as some will require more planning and detail of design
than others. Our requirements gathering procedures are thorough but they are also

tailored to the specific requirements of the project at hand.

Interviewee 13

Software requirements, when we ask the users they tell us what they want and we make the

software according to that exactly.

Interviewee 14

We work hard to develop software and it is good for use when it is finished. [But could
things be improved more?] I think we are doing very good because I know how hard

we work on our software.

Interviewee 15

I think PMP does a good job already. I am satisfied.

Interviewee 16

The survey we do helps to find out exactly what the potential users are most likely to want.

I think the survey is adequate to find out the requirements.

Interviewee 17

I'm confident in the ability of our research team because they work very hard to make us

develop the software as per the requirements.

Interviewee 18

I'm happy with the efforts of all members of our development team. We make high quality
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software according to the requirements.

Interviewee 19

We capture requirements at the start and we ask the users what they want so the software is

well developed.

Interviewee 20

There can always be improvements. It depends on what you want to do and how much you
are willing to invest in terms of time and dedication. But I am confident we capture

requirements very well already.

RESPONSES TO QUESTION 10: Would you be willing to improve this requirements

capturing process if it is possible to do so?
Interviewee 1

Yes, we are always willing to learn new methods and making improvements because we
should always try to become more efficient and make customers happy and technology
changes also mean sometimes we have to change along with it. But what do you have

in mind? [prompted to next question]
Interviewee 2

The management dictates what tools we use and what procedures we adopt and we apply
and follow these very carefully. If you're suggesting there are ways to improve our

processes, then we would need to discuss that with the management.
Interviewee 3

Certainly, but it would have to be approved by the whole team. How do you suppose we

could improve the requirements capturing process then? [prompted to next question]
Interviewee 4
If possible, why not?
Interviewee 5

Our development team is very experienced and we have developed an expertise over the
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years in planning and development. We continuously improve the software and

sometimes we refine our procedures as well according to the task at hand.
Interviewee 6

I am satisfied with our efforts. It is already a very time consuming process. I don't think
there is need for adding more elements to it. [What about improving it, maybe
streamlining it, not adding more to ti?] Maybe, but I think we are all satisfied with the
existing process and as a busy team, I'm not sure if the management would be willing

to risk changing or even trying some other method.
Interviewee 7

When we capture the requirements, it is carefully thought out and we focus on what's
important for the software to be able to do. Our management has defined the process
very well for us. Personally, I am open to ways for improvement, but for in-house

development, any changes to the existing procedures would have to be approved.
Interviewee 8

How are you supposing to improve this requirements capturing process? [I'm only asking if
you would be willing, if it would be possible?] It's not my decision. We have to follow

orders. You will have to discuss that with our superiors.
Interviewee 9

We do review our procedures once in a while or when it become necessary for a certain
project, so we adapt as well. Our procedures are tried and tested, but we do keep

adjusting them in line with the needs.

Interviewee 10

We can always improve things, but the way they are at present, we're doing pretty well.
Interviewee 11

It's not down to me to make any changes as I said we follow strict procedures, but the

management occasionally advises us specifically on how to handle particular projects.

Interviewee 12

If possible? You're suggesting you have a magic solution for gathering requirements? [No,

279



Framework for Improved Capture of Usability Requirements through Usage-Centred Design

just some ideas that you might find useful, a special methodology in fact that is
focused on usability.] T see. There are many methods in software design, I know.
Which one we use though comes down to the project at hand and the conditions under
which the software is to be developed. [So would you be willing to try another

methodology?] I'm certainly interested to know what you have in mind. Go ahead.

Interviewee 13

We make the software in the way the users want it and it works good for them.

Interviewee 14

I am happy we make very good software. Our team works very hard for that.

Interviewee 15

PMP is a great method for creating software and we have highly professional PMP

qualified developers in our team. I think we manage to capture requirements well.

Interviewee 16

When we ask the users themselves, we capture as much as they want as possible and the

work is done to meet all the important requirements.

Interviewee 17

I think we're doing well as it is. It can become very busy sometimes. I don't think we need

to try another method. We capture requirements fine.

Interviewee 18

The researchers are doing a good job of finding out the requirements and now and then

they improve their method. We are responsible for making the software only.

Interviewee 19

I think the way we capture requirements is going well. The software is acceptable to us and

also acceptable to our users.

Interviewee 20

The decision to change the method rests with the management. It is always possible to

improve things, but I am satisfied we are doing a good job of it.
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RESPONSES TO QUESTION 11: Are you aware of Usage-Centred Design and its

possibilities for improving software usability?
Interviewee 1

Usage Centred Design, no, but we have studied lots of methods and we apply PMP
methods for developing our software and follow our management instructions. We
have to make the software as the management tells us and the priority is to make sure

we make reliable and efficient software.
Interviewee 2

No, I've never heard of that, but I know there are lots of different methods and approaches
in the field. Some newer methods do not advocate much planning or none at all, but I
think it is important to ensure the development process runs smoothly. I know many
newer methods focus a lot on usability, but I'm satisfied we involve users enough to

make sure the software we develop is highly usable.
Interviewee 3

I've heard of User-Centred Design, yes, but I'm not sure about Usage if that's what you
said. [prompted: yes, Usage-Centred Design]. Oh, well I know there are many
methods in Software Engineering, about plan-based and agile methods, user-centric
methods and User-Centred Design. Maybe Usage-Centred Design is a type of User-
Centred Design? [Briefly introduced UgCD to the interviewee because he was
interested to know about it.] Oh, I see, it's like, so you have some planning as well and
also make it agile? [Yes]. Well, it seems interesting and if it can improve usability then

it's worth looking into I suppose.
Interviewee 4
You mean User-Centred Design? [No, Usage-Centred Design] No.
Interviewee 5

No, I haven't. [What about User-Centred Design] Yes, but we use our own method which is

based on PMP.

Interviewee 6
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Usage-centred, no. I know there are many theoretical methods, but at the end of the day, a
software house has to work in a way that suits them and their work best, and I think

our team is doing well already.
Interviewee 7
We use PMP. I have not heard of Usage-Centred Design before.
Interviewee 8
No, I'm afraid, I don't know anything about that. It's the first time I heard it.
Interviewee 9

Usage-Centred Design, no. No, I haven't, I'll admit that. For improving usability, I'm sure
there are so many different methods out there. In the end, we do what suits our needs
the most though. What's special about Usage-Centred Design then? [Briefly

introduced UgCD and its potential for improving software usability.]

Interviewee 10

No, I never heard of it before I think.
Interviewee 11
Usage, no. Sorry.

Interviewee 12

No. You said Usage-Centred, am I right, not User-Centred? {Yes, Usage-Centred.] I
haven't, no. Is this the usability based method you were referring to? [Yes.] I haven't
heard anything about it before, but I would guess defining and testing tasks would
feature in this method. [Yes, they do.] Ah, see I have some idea of what it might be
like already. By all means, you can tell me more about. We focus a lot on usability, so
we could always learn more from new ideas. {Gave some more in-depth details of

UgCD due to the interest.]

Interviewee 13

No, I don't know.

Interviewee 14
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No, we only use the method we are told to use.

Interviewee 15

Everyone uses PMP. It's a well known method. There may be other methods, but PMP

works great for u.

Interviewee 16

No, I never heard of it before.

Interviewee 17

Maybe our research team knows about it, but we only make the software how they tell us

to make it.

Interviewee 18

No. Some other members of the team might know, but not me.

Interviewee 19

Do you mean User-Centred Design? [No. Usage-Centred Design.] I don' know.

Interviewee 20

I have not heard of Usage-Centred Design before.
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Appendix M: SUS questionnaire

Below is a copy of the SUS questionnaire that was being used by the software developers
prior to the UgCD implementation. It consists of 10 questions. This scale is available at

http://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html.

1. Tthink that I would like to use this system frequently.
2. 1 found the system unnecessarily complex.
3. Ithought the system was easy to use.

4. 1 think that T would need the support of a technical person to be able to use this

system.
5. I found the various functions in this system were well integrated.
6. I thought there was too much inconsistency in this system.
7. I'would imagine that most people would learn to use this system very quickly.
8. I found the system very cumbersome to use.
9. I felt very confident using the system.

10. I needed to learn a lot of things before I could get going with this system.
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Appendix N: The post-UgCD survey and interview questionnaire

This post-UgCD survey questionnaire was administered to participants of the meeting at

which UgCD was demonstrated after the software changes had been made based on the

outcome of the meeting.

Post-UgCD Survey Questionnaire

Please indicate your extent of agreement with the following statements about your

experience of the trial during the meeting, and your views of the effectiveness of UgCD

with respect to software usability.

Table 69: Post-UgCD trial survey questionnaire

No. | Aspect Strongly | Agree  |Unsure |Agree | Strongly
disagree agree
1 |UgCD helped to focus on usability.
2 |The roles of the users were clearly identified.
3 | The tasks for each user role were clearly
identified.
4 | The learnability of the software has been
improved.
5 | The rememberability of the software has been
improved.
6 | The reliability of the software has been
improved.
7 | The efficiency of the software has been
improved.
8 |Users are now more satisfied with the software.
9 |UgCD is a useful methodology.
10 |The UgCD methodology was easy to apply.

Raw data for the post-UgCD survey

Breakdown by category of respondent (developers and teachers)
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Table 70: Raw data for the post-UgCD survey

Developers Teachers
No. [ Aspect SD|D |[U |A [SA(SD|D |U [A |SA
Value>|1 [2 (3 |4 |5 |1 |2 |3 |4 |5

1 |UQCD helped to focus on usability. 0 |0 [O |O |5 |O (O [0 |JO |9

2 | The roles of the users were clearly identified. [0 |0 |O [0 [5 |O |O [0 |O |9

3 | The tasks for each user role were clearly 0O |0 |0 [0 |5 |0 [0 (O |3 |6
identified.

4 | The learnability of the software has been 0O |0 |0 [0 |5 |0 [0 (O |4 |5
improved.

5 |The rememberability of the software has 0O |0 |0 (1 |4 |0 [0 (1 |5 |3
been improved.

6 [ The reliability of the software has been 0O |0 |0 (2 |3 |0 [0 (2 |3 |4
improved.

7 | The efficiency of the software has been 0O |0 |0 [0 |5 |0 |1 [0 |3 |5
improved.

8 |Users are now more satisfied with the 0 |0 [O |0 |5 |0 (O [0 |2 |7
software.

9 |UgCD is a useful methodology. 0 |0 [0 |1 0O |0 |1 (1 |7

10 [The UgCD methodology was easy to apply. |0 |0 [0 |1 0 |0 |2 |2 |5
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Appendix O: Post-UgCD interview questions and their replies

The following are the questions that were put to the leading developer during the Post-

UgCD interview, which was conducted online using Skype:

1.

How well do you think UgCD helped in focusing on usability?

How well do you think UgCD helped to improve usability in terms of the five

usability aspects we focused on?

What do you think are the main strengths and weaknesses of the UgCD

methodology for capturing usability requirements?

How well do you think UgCD helped to capture requirements more completely and

precisely than before?

Are you likely to adopt UgCD for your future software development projects?

The following are the replies given by the leading developer (the wording of the main

points made):

1.

UgCD helped very much in focusing on usability. I think we all agree in the
meeting and in my team that it is very usability focused method and it helped us to

improve usability very well.

Yes, we are satisfied UgCD helps to think of ways for improving efficiency
especially and also reliability. I think we can do more to improve its efficiency. We
will work more in this area so we can make the software more efficient. [What
about the other aspects?] Yes, it is good also for the other aspects. Before, we didn't
think really of things like learnability aspect, and yes user satisfaction is important

also for users.

I thinks its biggest strength is the usability focus, yes. It helped us to make real
improvements to the software. It made us very clear on what we need to do and not
need to guess about it because when we think of the tasks, then we can think to find
ways to make the tasks more efficient. [What about weaknesses?] Maybe, we need
to prepare for meeting with users, but when we started in applying UgCD, then

together we come up with lots of ideas and lots of requirements.
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4. Yes, definitely. It is very good in this way. When we applied UgCD, together we
had a good list of usability requirements, and we have something we can find
useful for working on the software. [Were these requirements more complete and
precise than you expected?] Yes. It was a comprehensive list, and because of the
focus on usability, together we could be precise about what we want and what we

need for the software to do.

5. It was a good experience for us. I think, it made us think very deeply about
usability and efficiency, In future, yes, we can use UgCD process for being clear on
the tasks especially, and then thinking of usability aspects. [What about involving
and consulting with users, including students?] I think the teachers made very
useful contribution in the meeting, and we are using SUS already for students, but
yes, I think we can take good advantage of this, and we will involve all users

including students so we can make more efficient software.
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Appendix P: UgCD artefacts used during the trial

UgCD design notation used for activity modelling during the trial

Figure 45: UgCD design notation used for activity modelling

Description

. activity participant interacting with the system of
actor, user actor  reference

relationship between an actor and the system of
role, user role reference

non-human svstem (software or hardware) interacting
syvslem actor with the system of reference

activity participant not interacting with the system of
player* reference (but often an actor with other systems)

any artifact emploved within an activity

artifact, tool*

collection of actions or tasks undertaken for some

activity™® purpose
action by an actor in interaction with the svstem of
task, task case reference for some goal within an activity

action by a player for some goal within an activity

OOU EoPube

action®

* new notation introduced for activity modeling

Source: Constaintine (2006)
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