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THESIS SUMMARY
| n t okdowlgdgebasedeconomy, modermrganigtions understand the importande o

technology in their quest to be considered global lea@ensth African markets like others
worldwide are regularly flooded with the latest technology trends which can complicate the
acquisition, use, management and maintenance of softham@chieve acompetitiveedge
companiedend to leveragagile methods with the best possible combinatiomobvative
supporting toolsas a key differentiator. Software technologynirare in thidight facedwith
determining how to leverage technology and effitidevelopment processésr them to

consistently deliver qualitgoftware projects and solutiotestheir customer base.

Previousstudies have discussed the importance of software development processes from a
project management perspectivdrican acadena has immenselgontributedin terms of
software development and project managenresearchwhich hasfocused on modern
frameworks methodologiesas well asproject management techniques. While the current
research continues with this tradition by prdésen the pertinence of modern agile
methodologies, iadditionally further describeanodern agile development processes tailored

in a subSahararcontext. The study also aims novelty by showing how innovative sometimes
disruptive technology tools caontibute to producingifrican software solutions to African
problems.To this end, the thesis contains an experimental case study where a web portal is
prototyped to assist firms with the management of agile project management and engineering

related activites.

Literature reviewsemistructure interviews as well asrect observations from the industry
use case are used as data soukdederpinned by mActivity Theory analytical framework,

thequalitative data ianalysed by leveragingpbntent and thematmrientedtechniques

This study aims to contribute to software engineering as wélkeasformation systems
body of knowledgén general. The researtlenceambitions to propose a practical

frameworkto promotethe delivery of qualitysoftwareprojectsand products

For this thesis, such a framework was designed around an information system which helps

organizations better manage agile project management and engineering related activities
Key terms:

Quality; SME;Agile; Cloud Computing; DevOps; Kaah; JenkinsScrum; Activity Theory.
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IO ¢ International Organization for Standardization
LOC Lines of Code
ME ¢ Method Engineering
SCM¢ Source Code Management
SFSE Software Focused Supply Chain
SEl¢ Software Engineering Institute
SME ¢ Small and Mediunrsized Enterprises
SMIME ¢ Small Medium and Micksized Enterprises
SPEM System Process Engineering M#tadel
SPIg Software Process Improvement
SQA¢ Software Quality Insurance
TOGAFK, TheOpen Group Ardtecture Framework
XP¢ Extreme Programming
UX¢ User Experience
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1. CHAPTER ONERESEARCHCONTEXT

1.1 Introduction

In order to catch upvith industrially advanced nations and maintain sustainable growth,
emerging economies are imitating and constantly adapting technologies streanong tinefr
developed worldUNIDO 2016, p. 5)This presentshallengedor organistions agemaining
compet it i vkeowledgebasenat@gniy ssincreasingly considered a question of
survival.In order tostay aheadmany companies tend to leverage Information communication
TechnologiegICTs) as a key differentiatqBaller, Dutta& Lanvin 2016, p. 8)

The worl dwide digitalizat i onconpriogyidentiiedasan 0 s
Fourth Industrial RevolutioiODSA 2016, p. 19)information Communication Technologies
(ICTs) powered by software systems form an essential part of this profound transformation of

modern societies and economies.

ICTscan be described as the group of digital technologies which facilitate communieations
well as thestorage,aggregation and distributioaf information throughout orgarasions
(Ritchie & Brindley 2005, p. 20)Policy work compiled by theSouth AfricanNational
Planning Commissiomredcts that at the horizon of 2030, ICTs will be indispensable to
achieve an inclusive econonyational Planning Commission 2010, p. 19D)is analysis is
inlinewithSo ut h A vernmengisios whiclbconsidergechnologyasa crucial medium

in its quest to achieve effectivacioeconomicimprovement of previously disadvantaged

communitiesCwele(2016)e st abl i shes the objectives which

policy to be successful:
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“A people-centred, development-oriented and inclusive digital society”

Equality: All South Africans must have affordable access to communications infrastructure and services
and the capacity and means to access, create and distribute information, applications and content in
the language of their choice.

Accessibility: Services, devices, infrastructure and content must be accessible for all sectors of the
population, including persons with disabilities, so that all can equally enjoy and benefit from
communication services

Social Development: All South Africans must benefit from the ability of the ICT sector to facilitate social
development and improve the quality of life for individuals and communities.

Economic Growth: Policy must facilitate access by all South Africans to quality communication
infrastructure and services to enable economic growth, employment and wealth creation.

Investment: Policy must promote and stimulate domestic and foreign investment in ICT infrastructure,
manufacturing, services, content, and research and development.

User Protection: End-users, from the most disadvantaged individual to the largest corporate, must be at
the centre of ICT sector-related policies. Effective protection and empowerment of end-users and
superior quality of service are therefore key objectives of this policy and necessary areas of regulatory
intervention

Privacy and Security: Provisions must safeguard the right of all South Africans to privacy, to protection
of personal information, and to a safe and secure communications environment both online and off-
line. This is essential to trust in ICTs.

Figurel.1l: ICT Policy White &per ObjectiveCwele 2016, p. 11)

Wh i

|l e government 6s progressive Vvision

i n

t

isundeniable, South African markets like others worldwide are regularly flooded with the latest

technology trends. Thisan complicate the acquisition, use, management and maintenance of

software Nonethelessthe local industry has historically presented a certain appeal to national

and international playersihe local software engineering sectoan be illustrated as an

exampleto describe this situation.

As far backas 2010, a Gartner press reledseal identified South Africa as a top tier software

engineering outsourcing alternatig@artner 2010, para. 4Fi ve year s

ater

attractiveness in terms of privileged outsource destinations for-nailtinals remained

notwithstanding expected maeesonomic difficultes.In 2015, an assessment by International

Data Corporation (IDC) described how despivemployment challengesdifficult economic

outlook unstable currency fluctuatiores well as energy supply shortag€sl spend in South

Africa was still expectetb grow upby 2.6% the following yeafiDC 2015, para. 6)The same

year, Gartner predicted an incmin IT spending up 5.1 % to réa$ 26.6 billion in 2016
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(Gartner 2015, para. dEnterprise Software spending for example was expected totgrow
9.3% up in 201§Gartner 2015, fig. 1)The same Gartner report additally explained that as
mobile telephony spending was expected to reach mansgbillionin 2018, South African
engineersverewell placedo profit from this growti{Gartner 2015, para..7) Thi s | ed Gar
to posit thatiocal firmsunderstandhe intricacies of conduction business in Afr{artner

2015, para. 8)It was hence observeabatthe engineering ské and innovation required to

solve local problems can be found in abundancthercontinen{ibid., para. §. In the same

vein of analysis, workforce current talent trends seem to suggest that the South African market
is becoming increasingly competiti®@WC 2016a, para. 14At a macro level, the cut throat
natureof liberal marketgpresents technology firms witmapportunity to gain a competitive

edge Software project teams in particular can thrivedejivering quality software projects
andsolutions tothe organization and its customelrs this light, lccal software engineering
organistions like others worldide are faced with theroblens of quality. In practice, quality
presents specific challenges inherensoftware engineerindhis is largelydue tointrinsic

notionalaspecs of softwareat its core

1.2 Background to the problem

Software engineering typadly entails developing software in a systematic, scientific and
guantifiable manner which also involves applying the same discitaitiee operatiors and
maintenancaspecibf softwareprojects(ISO/IEC & IEEE 2010, p. 331)The application of
sound software engineering principles gmacticescan help organisationsnprove their
development processwhile mitigating complexites inherentn nontrivial software solution

designs and implementatio(isalermo& Rissanen 2002, p. 14)

Theemergence of software products has disrupted most areas of our social economic modern
lives; as such, its pervasiveness plays an essential part in almoshsliner goods and
servicesavailable to customeréeek, McHugh& Eljabiri 2005, p. 13) Studieshave for
instance highlightedhiait even intraditional retail, sdtware is sometimesthe value added
differentiator which distinguishes competitorand can determine markeshare between
competitorTan& Yuan 2005, p. 187)

Despite the availability of well-defined practical approaches tplanning and executing
engineering projectssoftware itselfcan bedescribedas largelyintangible. This can be
explainedin part by the fact that one canngltysically feel code contentAdditionally, a
software produdis not simply visuaBed by nonrprofessiona. To describe in a more detailed
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manner this nature of software, the following elements have to be tat@radoount
(Lethbridge& Laganiee 2004, pp. 13):

U After production, software pieces are typically easily duplicated, or reprod Coeds
incurred amid most software development projectsypically appear during
development and natanufacturingThe main issue is that while softwaseexpensive
in terms of financial costs and intellectual capital to build, once it is built, it is relatively
simple to reproduce, duplicate.

U The software industry itabour intensive In most manufacturing industries for
instance, the intensive use ohahinery has helped these sectors produce more with
lesstoil. Thisis not truly applicable in the software industry tasreally automate
software design and engineering, one wou
machines. Despite manyadvances ar t i fi ci al intelligence,
reached this level yet.

U It is very easy for the most basic programmer to create functional software that is
poorly designedin the software industrydevelopes canoftenwrite complex systes
which fulfil their intendedpurposedespitebeing almost impossible tmaintain or
enhanceIn other industries such as the electrical engineering or civil engineering
domain, design flaws are much easier to detect, identify and correct early.

U Modifying softwae can be a trivial taskin complex projects however, making the
appropriate changes is challengidgdeveloper who takes over code he or she did not
initially write often makes changes without understanding all the subtleties of the
software he or she isorking on, because of this, fixing issues often introduces new
bugs to the product.

U Softwareintegrity tends to deteriorate as its design evalddis point is linked with
the previous one as code changes often result in changes with the initiahaigafrit
software products. Hence, over time, design changes in successive software versions
mayresult in such poor performance that product development requires discontinuation

and a complete overhaul of the design is the only option

As mentioned in earlresections, software systems are largely abstaact intangible
consequentlytheycan bevery difficult to describe or explaiio people outside thengineering
field (Avison & Fitzgerald in Mwansa 2015, p. 27hisungraspabldeat ur e of sof t w

natureinfluenced development practices early(ind., 2015)
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Originally, software applications were largely developedgithout any real consistent
methodology until the 196Q§&itzgerald 2012, p. 89 he direct consequence thfis lack of
rigorous scientific approach yielded many problems in the development aneérygebiv
software(ibid., 2013. In effect,as early as the 1960s and 70s, organisastnggledwith
softwareproject delays,failures, as well ascustomerincreasd concerns withdemands of
improved functionalityand quality(Deek, McHugh& Eljabiri 2005, p. 177)

Consideed asa whole, these factors which highlight thature of software haveontributed

to what waglescribechsan s of t war e c¢cri si so.

The software crisiszvas a term coined to describe the challenges of maimgesoftware anc

need for new approaches to engineeringvibhkandla 2009, pp.iB). In the early 90s for
example, the situation raised flags for some professional bodies such as the Standish Group
which considered software engineering high cancellation rates as highly probl@gthatied

& Gunes 2004, p. 84)individual reearchers suggestea the other hanthat despite half a
century ofnoteworthyadvancementsoftwaredeveloperstill lacked an effeitve and mature
enough discipline to address growiregjuirementgor a knowledge based econor(ibbs

1994 p. 87)

Thoughthis crisis wasalleviatedwith structureddevelopment methodologiethe issue of
consistentsoftware qualitydelivery itself remains.As scholars and industry professionals
attempt to establish a common set of measurements tolgagedlity of software products,

three parameterave historically been considered as consensual. These metrics could be
classified as softwangrocesgjuality, productquality, as well as project quality its€N¥infen

2011, p. 2699)Process and product quality are often associated because they have traditionally
been understood as inrtdependent. Previous studies have for instance discussed how it is by
having efficient quality processgthat organizationsanoutput quality software products. In
these contexts, processes refethi® qualitydevelopmentelated activitiesSoftware product

guality on the other hangéferst o t he del i vered artefactitds ove
provides to its intended target audie(&&in, Sharma and Araj2018, p. 813Finally, project

guality is an alencompassing notion which has at its basis teams involved in ensuring projects
are successfullydelivered tostakeholdersUsing projectsas a measurable artefact to gage
gualitycan hence be considerashtacticalinstrument to improve quality delivery in software
engineering contextisself (Yinfen 2011, p. Z00). Ultimately, academiaas wdl as industry
stakeholdes have a vested interest in understandatigelementswhich can enhancheir
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ability to deliverquality to custmers.

In practice, contemporary research is still concerned with quality in the software engineering
world. Considering that the Agile Manifesto was is$o®re than a decade ago, academics are
still conducting studies on the topic of quality in termsasfvgare requirements specifications
amongst otherfor instancgMedeiros et al. 2016,gpa8).

It is hence agaist this contextual background that the current study aimed at exploring the
development of an agile oriented framewrakolvingaroundquality softwareprgectdelivery
to marketsWhile this is argued to be enabled through the adoption of tailoredsafileare
development processéie currenstudy alsalescribetiowthese processesn benademore

effective by the practical usagermbdern, agileadaptiveanddisruptive technological toals

1.3 Problem statement

Despite a seeminglfavourablemacreeconomic environment, the South Africaoftware
industry is not exempt from concerns regardimg delivery ofguality softwareprojectsand
solutions From a resource management perspective for instance, project managers are often
forced to prioritize twooptions out of timely delivery, specifications adherence or budget
constraintgBot 2019, para. 1Withouta contextually adpted framework tanodernsoftware
development, the usage or Resage of innovative/agile approaches to software engineering
will not resolve persistent quality concerMoreover in certainorganizationsvhich claim to

have solved software projatsksand concerns by simply adopting agile methodologies, some
have gone as far asing the agile approa@ds somewhat of an excuse and justificafan

having no oiinsignificantprocesses in plagdmbler & Lines 2012p. 2).

It could hence be deemed relevant to develop a practical agile oriented framework supported

by related technological tools for the continuous delivery ofityuabftwareprojects and
solutionsto markes. This could arguably enhance both laggewellas mal | er or gani s
ability to better adapt and react to the curdamdbwledgebasedeconomy in which markets

require adaptability and quick reaction tinfesm products and services provid@ot 2019,

para. 3)

1.4 Research questions

This thesis was underpinned by a central rebeguestion
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A H oamuldan agile oriented framework be leverageddailitate delivery of quality software

projectsfor organizations operatingy subSaharans et t i ngs ? 0

This main research question required an exploration of concepts related to softyuaeerng
at large, traditional and current approaches to delivering software projects, as well as a grasp
of the challenges and opportunities presented to large and smaller businesses ambitioning to
shift towards agile models of operatiofi® further explicit issuesinferredfrom this central

interrogation, four suguestionsvhere formulated to address the research problem at hand:

1 What does quality entaih software engineeringrojectsand how does the
modern software engineering industry deal wiiis issue?
1 How canan organiation tailor its developmenprocesse# an agile manner
and facilitate its deliveryo market?
1 What are the moderdisruptivetechnological toolst the disposal of a South
African small and medium enterprise (SMig)achiee the continuous delivery
of quality softwareprojects and products market?
1 How can an agile oriented information system complement these ttwols
facilitate an Afri can Spiedtsandselutions er y ¢

to market?

1.5 Research Objectives

Derived from theguestionsabove, thigesearclsought to:

1 Establish a clear understanding of what quality softwareprojects entail in modern
software engineering organisations. Literature review is used to arrive at a
comprehensive and global undargding of the concept and related terms.

91 Describe the importance of tailoring development processes to organisational and
market specific needs This objectiveis addressedhrough literature suryeas well as
direct observations of day to day activitigisengineering and project management staff
during an industry case study.

1 Present technological tools available to facilitate agile development and enable quality
software project delivery. This objectiveis implemented througkexperimentations with
some agile and cloud technologiebrowsing of online resources, academic research

readings, as well as industry white papers exploration.
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1 Develop an information system to complement existing toqlto facilitate the delivery
of quality agile development projets andsolutions For this objective, gaps identified
through observations of agile methodology and related technology usage of GZ Consulting
Services staffs used to develop an information system to complement existing tools.

1 Propose and deploy the demoped tool at GZ Consulting Servicesor this objective,
the prototype builtis put at the disposition of management and engineering staff for

practical usage during day to day activities.

1.6 Rationale for the research

Previous studies have discussed ithportance of softwarengineering through project
managemenpoint of view African academia has immensely contributed in terms of software
development and project management research which has focused on modern software
development frameworks, methodgies and project management techniques. While the
current research continues with this tradition by presenting the pertinence of modern agile
methodologies, it additionally further describes modern agile development processes tailored
in a subSaharan caext. The study also aims novelty by showing how innovative sometimes
disruptive technology tools can contribute to producing African software solutions to African
problems.This researclsuggestsan approach to facilitate the delivery of quality products
during engineering projects by aggregating data from various agile tools into one consolidated

web portal to present a reliable unified view of information for project stakeholders.

1.7 Delimitations

Although literature reviewedduring this study discusses djtya regarding software
engineering, an emphasis is placed on the process of building software in an agile manner to
facilitate the continuous delivery dajuality software to markets. Topics such as user
requirements specifications quality for instancerarethoroughly explored. This is purposely

done considering that one of the core Agile Manifesto values is that working software is more
important tharprevious foundational blocks of traditiorradid software development models
(Medeiros et al2016, para. 2)Nonetheless, structural implications for software quality
delivery will be discussed in Chapter Two to understand how various dimensions of software

quality tend to influence its perceived business value.

Another aspecto consider is thabf the technological tools presentéa facilitate this
continuous delivery of qualityoftwareprojects These are purposely identified based on their
low cost when no opesource alternative could be found. This was done as the reality of
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African markets is that most software staps have difficulty finding capital locally.
Additionally, the case study of this thesis is situaatd subSaharartechnology SME based

in Johannesburg, South Africa. The framework developed at the term of this study is hence not
necessarily applicable to larger multinational technology corporations operatthan wi

different economic industrial contexts.

1.8 Ethics considerations

Research ethics policies are established by academic institutions, government bodies, industry
stakeholders. Their aim is to typically guide researchers in distinguishing what is aeceptabl

not when conducting their resear¢h.conducting this studyhe researcher obtagd ethics

clearance from the University of South Afrithics Review Committed his research enquiry

was thusconductedi t hi n t he fr ame wor kReseérchBuljec Adhes et hi
case the engineevgere madeware of their participation to a scholar study and anonymity of

their feedback asensured. Data collectedastreated as private and confidentabme of the

data collected was extracted via sargeabs, consequently all information which might have
jeopardizeanonymity (eal usernameslIP addresses etcyas either removed or altered

accordingly.

1.9 Thesis outline

Chapter Oneis an introduction to the current researitipresentshebackground catextfor

the study andliscussesssues related to the software engineering woakl well aghe South
African software industrylt thenenunciates the research problem, questions and objectives

underpinning the study.

Chapters Two and Three presenta two-partliterature reviewfor this thesisThe firstlayer
which is presented in chapter twomvers a discussion ranging from the origins of the software
crisis, to traditional quality issues in software engineerifige secondayerin chapter three,
contans an exploration of agile approaches tdandle softwareprojects with supporting

methodologiesas well agheir enablingtechnologies and toals

Chapter Four containsa discussion on the selectetearchdesign,data collectiormethods
andintroduces the case studyl'he third chaptethendescribesenquiryparadigns as well as

Activity Theory foundations underpinning the research.

Chapter Five draws from theory and methodologies previously described to introduce the
conceptual framework driving this sty In this chapter software development industrigse
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study is presented to understand how a local-sfatailors its software development agile
processes and uses technology to ensure continuous delivery of gofiityre. The chapter
thendescribs an overview of the design and i mpl er

system.

Chapter Six is the main part of the dissertatidn. this chapter, data collected from semi
structured interviews, direct observations as welleageriences and viewsf the agile

information systemdés users are discussed.

Chapter Sevenproceeds with an interpretation of findings presented iptbeedingchapter.

It provides an explorative discussion of théselings and attempts to draw insights from
quality delivey during the case studyhe prototype implemented is further explored and its
usage at the firm examined. &hbhapter concludes with a presentation of emerging theoretical

prospects

Chapter Eight concludeswith an overview of the thesis at hand and pexdto revisit
research questions doing sqit reiteratessomeessentiafequirements to the implementation

of a successful conceptual agile framewdilther down the linet identifiesareas of interest

to explore without forgetting to note posglimprovements on theroposed ISdeveloped
during thethesiscase studyFinal sectionsinclude a list of references, and appendices
containing additional information on key concepts discussed during the current research

exercise.

1.10 Summary
The first chapteof this thesiavas a contextuahtroductiont o Sout h Africads |
its local software industry. lintroducedabackground taheresearciproblemanda historyof

the Software Crisis.

Chapter One also pord out how despite aeeminglyfavourable macreeconomic context,
the issue of qualityoftware projectglelivery is still relevant to both local South African

markes as well as academia in general.

A research problem waben enunciated=rom this,the main research question and related
sub-questionsvere established. To deal with resulting research objectives, the current thesis
adopteda mixed methodologpy leveraging literature surveynda practical industry case
study. During the case study in question, the researcher producgukamental IS prototype

for usage in software projeciBhe mixed methodology also included data collectechniques
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ranging from semstructured interviews, to direct observations of participants as well as an
electronic surveyDetails of the researatesignadopted for this thesis are discussed further in
chapter four.Consequently, beforspecifics of researcmethodology ardurther expanded

upon, thenexttwo chaptes proceed t@ literature review for the current research inquiry.
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2. CHAPTER TWO:QUALITY IN SOFTWARE ENGINEERING

The current studypuggestsa framework forthe delivery of quality softwar@rojectsand
productsin tailored agile environment3o this end, Chaptdwo initially deals with the first
sub-questionof the research enquiry at han@hat does quality entaih software engineering

contextsand how does the modern software engineering industry deal with thi8 issue

The chapter begins by presentiagdetailed discussion on software engineeend related
themeslIssues aroundoftware qualitysome ofits dimensionsas well asts actual business
value to organetionsare subsequentigddressedChaptertwo thenpresentsa discussion on
methodologies available to industry playarsd the advent of agile apprb@&sin software
engineering After this, the literaturesurvey thendescribesmodern disruptive technologies
availablefor organizationsaiming todeliver quality technology solutions to markdthese

toolsarepresented to:

Discuss the problems they saolve
1 Showopportunities they provide to orgaations in general and locsiat-ups more
specifically.

1 Identify shortcomingsn their usage.

Figure 2.1lillustrateshow theliteraturefor this studywas reviewed:
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Figure2.1: Literature review overview
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2.1 The Software crisis
Following advances in computer hardware, it became apparent to the scientific community that

new machines being built would require fundamental logic changesian twr achieve the
expected improvements in terms of automafigimkandla 2009, pp.iB). However,dueto

the demand for new software reaching unmanageable leévdisstry stakeholders quickly
realised that anore formal angrofessional approach to software development was required

(Mnkandla 2009, p. 3)This situation was fuelled by additional circumstances.

As software developments problethging project&merged, issues ranging not ofrlym the

actual programming of code but also the difficulties encountered in the course of maintaining
it appeared,; this resulted in what became known aSdftevare CrisigMnkandla 2008, p. 1)

While it was initially defined in regards to productivity, the software crisis was later identified
as a major cause of problems in issues regarding software qi@hiys 1998 in Mnkandla
2008, p. 15)Academia has historically concerted and approached the origins of this software

crisis from different angle¢Brenne&e et al, 1996, p. 3)

1 Technology imbalance theonpuring the 1960s, the fact that improvements in
processor speed and memory had little impact on software techniques was a
cause of the software crisis.

1 Expectation theoryin the 1960s still, industrywondered if the software crisis
was perhaps not an expression of the difficulty in meeting heightened
expectations.

1 Professionalization: The quest for software writers to professionalize
themselves was itself investigated to address the software crisis.

1 Economic: The economic driving force on the partsofppliersand customers
who wanted to have control of pricing and delivery timetables was also
considered as contributing to the software crisis.

1 Dramatic Failure Theory: Academia explored whether the-called software
crisis was simply the result of few largealefailuresor catastrophes or rather
a general accurate depiction of an unreliable industry.

9 Dissemination issueAcademia also explored the extent to which government
bodies and special interesigroups could have influenced the

identification/creation of an artificial software crisis.
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1 Labour perspectiveThe need for labour markets to commoditize software
engineering skills as opposed to relying on scarce talented engineers was also

considered &uge contributing factor to the software crisis.

It is with these problems in mind that new a disciplilescribed agSoftware Engineering

was born. Ascribedo a 1968conference heldinder the hospices of NAT@ Garmisch,
Germany, software engineerimgvolves around designing, implementing, maintaining and
documenting information processiagstemgMnkandla 2012, p. 279 key objective of this

new discipline would be to propose new development methodologies to address software
project failures in termsf costs, timely delivery as well as defentanagement to improve
quality delivery (Masrek, Hussin& Tarmuchi 2008, p. 137)The next section discusses

software engineering in more detail.

2.2 Software Engineering

As implied from the paragraph above, enginimg in the software worldypically entails
designing, implementing, maintaining and documenting information procesgstgms
Despite there being a general common understanding of the term among professionals, various
definitions are found in variougerature sourcedt is often described a&s discipline which
applies scientific methoda the execution of software developm@sO/IEC & IEEE 2QL0,

p. 331) Others definat asa disdpline tasked withproviding customerkigh quality software
solutions while remaining withiacceptable time and costs margihethbridge & Laganiere
2004, p6). One of the essentialopits which seems to emerge from literature discussing
software engineering as a discipline, is that it is a key contributor in reducing failure rates of
software projects. For instance, one of the nsaiting pointsfound in academia in justifying

the importance of software engineering is that it facilitates the ability to produce software on
time and thait usuallydoes thisat a defined cost with high lewaf quality (Humphrey et al.

in Steward 2007, p. 6)

The definitions descrdxl above encompass the essence of software engineEnmgase

study component of this thesis based at South African local stamip, GZ Consulting
Services(pseudo namelthis studyhenceadoptst he companydés definitic
software engineering am fiadaptive and agile application of engineering processes for the
delivery of innovative software solution to custonteri the next section, an oveew of

software engineeringoalsis presented.
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2.2.1 Software Engineering goals

While software engineering aims to encourage the development of products which are reliable,
maintainable, efficient and reusable; it also helps companies by bringing organaadion
methodology to the process of developing softw@weolatzky & Trengove 2002, p. 7)
Software engineering has traditionafiyt anemphasis on sound design practices, rigorous
testing as well as comprehensive documentgrelly & Rosenblatt 2012, p. 508)his is

done to facilitate the implementatiah sound engineering practices which will contribute to
deliver reliable products tendusergBauer in Giblin 2012, p. 4)

Ultimately, the goal of this disclipe is to produce quality systems which will fulfil the
purposes for which they are builto achieve this objective, many contributors come at play.

The next sectiohencediscussesghe participants irtraditionalsoftware engineeringrojects.

2.2.2 Software Engineering project stakeholders
Software engineering projects can range from simapkmanjobs, to complexnulti-layered
endeavoursin this light, it is important to understarndho the stakeholders that are to be

involved in such projectareand theiroles.

Software engineering project stakeholders have different roles and motivations. Aeych

can be classified according to four major categdtiethbridge & Laganiere 2004,%0) :

U Users This term refers tandividuals interacing with softwareproducts as a key
function of the daily business tasks required from th&imey typically want a system
that is easy, simple to use and enhances their productivity.

U CustomersThese stakeholders are sometimes also kresthe clients. They make
business decisions such as authorizing the type of software that will be purchased from
vendors and the intended users. Their main aim is to run the business more effectively
and to increase its profits. Customers typically waoftware that helps their
organistion make or save money.

U Software Developerdhese stakeholders are also known as software engineers. They
are the people who will write the source code for the actual software.

U Development managerdhis term is used toeascribe management leadership in
software firms and orgasations They often come from an educational background in

business administraticand have the responsibility for customer satisfaction
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In the same vein of categsation, one can also identitjiree global types of stakeholders.
These would includéhe endusersutilizing the software systentheengineering tearwhich
programs and implements the softwasewell agproject sponsorsesponsible for financing

softwareprojectsor productspurchas€Chappell 2012b, p. 3)

Software engineering project stakeholders are driven by the fact that their endeavours
ultimately must deliver afunctioning system The project participantanderstand thatqor
guality is the downfall of any enterprise, thus, emphasistbe placed on delivering a quality
product to the target audiende.s vital for companieghat need to remain competitive in

t o d &iyowledgebasedeconomy that software products theylivkr be as error free as
possible.In this light, thenext sectiomproceeds to introducsoftware qualitythe aspects or

perspectives through which it can be understodiell asts business valu® organsations

2.3 Software Quality

Scholars have oftefound difficulties and many obstacleseastablishing a generic definition

of quality. This ismainlybecause it is multidimensional concept thean encompass an enfity

its viewpoint as well athe quality attributes of thebservedentity itself (Kan 2002, p. 1)The

bulk of ISO and IEEE literaturdescribethe concept of quality as tlseim offeatureswhich
influence most @ r o d efiedtiviersess in fulfilling the objectives it was built ftircan also

be thought of as theomplete set of features of a service or an artefact which influence its
capacity to fulfil the needs for which it was develog&damadhiya, Wan& Chen 2010, p.
320) A moreconcise definition of software quality would simply describe it as softiate
conforms to ac ust omer 6 s (Kae qgtul im ©@stee 2004s p. 39)The software
engineering book of knowledge describes quality software aatisactory usage of software
products in certain conditions by its intended u$éfallace& Reeker, 2001, p. 16Gh actual
softwae engineering projects, quality in software development is looked at as the combination
of low defecs with high user satisfaction leveldones 2010, p. 7lResearch in the field mostly
converges ircorrelatingquality to the level by which custmer expectations are met, the
manner in which the system performs and the amount of defects oit bugesegSowunmi

& Misra 2015, p. 867)

Joneg2010 alsocites five important facts that illustrate software quality influence on indust
1 Software is viewed as the number one maade culprit when major business

problems occur.
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1 It is reported thapoor software qualiticostsmore than500 billion dollars
globally.

1 Projects cancelled due to poor quality usually end up costing at leash@&o
than similar successful projects.

1 Software executives, managers and technical resources are sometimes
considered as painful necessities as opposed to invaluable and respected assets
by business executives. Even the position of CIO is considered {bushp
perhaps) in some corners of industry as an endangered species.

1 Almproving software quality is a key topic for the global ICT maiket

This eventuallyled to a troubling observation in a large of number of software engineering
projects. In effect, may software development orgaaiions do not pay enough attention into
having a clear understanding of what software quality should entail. There is hence a perceived
tolerance for defects in products that most engineering disciplines would not(Bésain

2004, p. 2) This can appear gsroblematicif one considers the risks organisatiansist
mitigate when they do not pay attention to issues surrounding quality. It has been observed that
there isa considerable incidence on costs and rework required when clients identify defects in
software products which vendors have not eliminated before rel@atiasana& Cagello

2014, sec. 3)This impact is amplified with the current surges in network traffic due to
democratisation of mobile devices in contemporary socié¢twes., 2014). Also, there is a
danger intoleratingpoor softwarequality as it can in dramatic sas turn deadly. For critical
software in the healthcare industry for instance, this can lead to serious injuries or loss of life
(Samadhiya, Wan& Chen 2010, p. 320)

As such, organisations have a vested interest in steering away from disaster by understanding
how to ensure the delivery of qualitygpiucts.The United States (US) militafpr example

contributed immenseliy the questo producequality softwareA study conducted for theS

Air Forceidentified eleven common characteristics of quality softwifecall, Richards&

Walters 1977, p. 35Also referred to as th@eneral Electric Model of 197 This model which

gavebirth to or inspired many of the more modern ones, ambitioned to bithdggap between
endusers Vviews, expectations versus engineero
testing stage€Samadhiya, Wang Chen 2010, p. 320The model focuses on the capacity for

software products to adapt to changes in their structhes; evolutionregarding new

environmentathanges as well dseproducb s oper at i on #ibd.,2@818)ar act er i s
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A list of characteristicglerived from this military research emerged from a specific subjective
context; despite this, the characteristics identified would me®nsensus most software

engineering orgasation. Table 21 illustrates theseharacteristics

Table2-1: The 11 characteristics of quality software (Adapted from McCall et al. 1977)

CORRECTNESS This expected quality eéture describes th
effectivenessf a software artefact in fulfilling the

objectives it was built for

RELIABILITY This describes how reliable, correct and precise

software productds out

EFFICIENCY This refers tdhe cost effectiveness inres of lines
of code (LOC) and computing resources a softw
product offers.

INTEGRITY This refers to thdevel to which intrusions in
system can be monitored and controlled.

USABILITY This refers tdhes y s t userfideadliness

MAINTAINABILITY A software product is deemed maintainable if
amount of time required to identify and patch cc
bugs while the system is operational does excee
potential reward.

TESTABILITY Testability ensures that not to great of an effor
required to evaluatéhe validity of tasks performe
by a system.

FLEXIBILITY This refers tothe level ofeffort required for the

adaptation of a system &volving requirements

PORTABIL ITY A system is deemed portable when the cost of po
the software to a different wastructure is not

prohibitive.
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REUSABILITY Software products which are usable by extel
applications and design with proper modularisati

in mind are often the most reusable.

INTEROPERABILITY This refers to amount of effort required to integr
one system to others external of internal pieces

software.

The qualitymodel summarizedabove illustrate how one needs to consider multiple facets
when conducting a discussion on quality perspectives in terms of software engineering. These
perspectivegould exponentially vary depending on the organisation in questioeaasyis
essentiallyin the eys of the beholderThereis henceno definitive or norexhaustive list of

what quality really entailsn regards to the software engineering contgdthbridge &
Laganiere 2004, p. 19Accordingly, modern studies have tried to arrive at more concise
enquiries of the topic. A Microsoft sponsored study hence proceeded to examine what it
described as the three aspects ofvgafe quality(Chappell 2012b, p. 3Followingfigure 2.2,

the next sectionproceedto a presentation of these aspeatstably functional, structural as

well as process quality

Sponsors
aa
\ ‘/\ Functional
Process Quality StEthEl Quality q’l“'
7] 3 @

_Qualigy

Users

3,

Development Team

Figure2.2: Aspects of software qualityChappell 2012b, fig. 2)

2.3.1 Functional quality
Within the software engineering world, when mentioning fumal quality in a business
context, one typically refers twhether or the not the software products fulfils its intended

functions in a satisfactory maan(Nagar& Thankachan 2011, p. 133)t ultimately entails
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understanding how well a particular piece of software or system complies afterrdeptey
when compared to the initial list of functional requirements it was intended tqRrégsman
in Liu et al.2016, p. 167)In addition,one should consider the following attribu{€happell
2012b, p. 3)

U Conforming torequirements specified at project inceptigks requirements
often change throughout a software engineering project, development teams
need to understand and have a very clear idea about the requirements
throughouto implement the software with accepted quality standards.

U Creating software that has few defe@eftware defects need to bmdicated
asefficiently andasearly as possible in development procdsee reason for
this is that defectseduceexpected eliability. Defects also have the adverse
effect of rendering functionality vulnerable to security exploits and even at
times totally hamper performand#’hile achieving zero defects is a holy grall
that is unobtainable for most projects, software usatsttebe even less lenient
when they perceive the product they are using as unacceptably error prone.

U Good enough performancéJsers of software will typically not acceph a
application which does not clearly explicated requirements.

0 Usability. User experence needs to be optimalhn emphasis on User

Experience is vital toetain custometdoyalty.

While software testingill commonly deal with the functional quality issues mentioned above,
there is also a structural dimension which needs to be considdrechext section hence

discusses the structure aspect of software quality.

2.3.2 Structural dimension of software quality

Structural dimension of quality in terms of the software world refers to the degree to which
nontfunctional requirementare mei{Nagar& Thankachan 2011, p. 133} refers tothelevel

at which the delivery of functionakquirementss sypported bythe structural qualityof a
software pr od,(Lioetal.2016& o L67)d/een atengpteng to explain software
structure, one usually describtbe internal components o& system, their interfaces as well

as the interactions betweeach and every ord them(Panet al.2010, p. 1202)

In a study on software reliability, the authatse t er mi ned t hat a soft we
structure is the foundation to the quality of its structural dimengh@nobjective is to evaluate
if the product was developed witstandard software architecture principl@sagar &
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Thankachan 2011, p. 133Furthermore, while structural quality is harder to evaluate than
functional quality, one could look at the following attributes when assessing structural aspect
of software qualitf{Chappell 2012b, p. 4)

U Testability.Was the source cod#ructuredo facilitatetesting?

U Maintainability. Wasthe codewritten in such a way that features can be added,
removed or modified without introducing new bugs?

U CodeUnderstandability The level of complexity (appropriate or not) and
readability of the code impact how quickly new software engineers to the
project and effectively contribute to teeurce repository

U Efficiency Appropriate usage of resources in constrained environments

U Code securityThis feature is vital as software engineers need to structure their
code in suclawaythatthey cater for the risks associated with attacks such as

SQL injection, buffer overruns, memory leakages etc.

While both structural quality and fational quality discussed previously are important, a third

aspect is process quality. The next section discusses this.

2.3.3 Process quality

In engineering teams, a process typically refers to an ensemble of methods, activities and
practices which are execut¢éol implement and support software products; this whole also
includes supporting functions sues project managemerdas well as itgelated activities

(Yinfen 2011, p. 2699)These processes have been shown toritieal factors of decisive

outcome in terms of success or failuaesin software project¢ Li u et al . & i n ¥zt
Zengin 2015, p. 2)Furthermore, to address the need for engineering projects to not overrun

time and budget resources, organisations need to implement quality processes to ensure
satisfactory overall quality for their customéksoski & Mikkonen 2015, p. 1020) o grasp

the importance of ensuring quality processes in enginegniogcts, onecould perhaps

initially introduce the conceptf process modellingh the softwarevorld.

From an organisational point of view, businpsscesses typically encompass a collection of
documentable events, transactions and their outputs. To describe these processes, business and
systems analyst can leveratgchniquessuch as theBusinessProcess Mode(BPM) to
graphically design an end to end business process(ftwlly & Rosenblatt 2012, p. 10)

Analysts can also approach this documentation of processes in more detaibvatthorough
standards such as tlBaisiness Process Modellirajnd Notation (BPMN)whosepillars are
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conmposed of symbols for activities, events, gateways and f(bleffer, GeorgeX Valacich
2016, p. 246)Models such as BPMNvere designed to bmtuitive and accessible to all
enterprises useiscluding engineetsbusiness analysts well as some end us¢Besfray&
Raymond 2014, p. 99)

In software engineeringrocess models are typicalhgpresentations of networked sequences
that aim to eventually achieve software evolutiScacchi 2001, p. 4lhese sequences are
represented by events, objects and transformattbas inform the design of generic
frameworkdor project management in softresendeavourf_ethbridge& Laganiere 2004, p.
428)

In practice, while these models are helpful to project managers in deciding what work should
be done and the sequence in which this work should be executed; onesd®tiiese models
as aids to thinking as opposed to set in stone instruckamee 2.3elow illustrates a typical

bad application of a software process model called the opportunistic approach:

: Modify ' Think ofdea
Irst .
— il o for

rolotype n .
prooyp safisfied Improvement

L) ¥ % F 1 /!

A

Figure2.3 Opportunistic approach Model (Lethbridge & Laganiere 2004, fig. 11.1)

Organsations wiich follow this modelusually encounter critical problems. With this approach,
software engineergfine product prototypes until enuber satisfaction is achievédethbridge
& Laganiere 2004, p. 428his approach to software development presents several limitations,

notably:

U The fact that the opportunistic approach does not tatkeaiccountof how
critical clear initial requirerants and detailed designs are. This could have an

incidence on process qualibgecausevhile theproduct couldnitially fulfil a
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limited set of requirementsuser acceptancds dependent onmany
modifications on the software itself.

U The adhoc nature oftis model will result in rapid quality deterioration if the
initial design is as imprecise as it is bad.

U With this model,the need for rigorous testing is poorly understodthen a
system eventuallgollapsegiue to this and all the facts mentioned beftirere
is simply no other choice but to start from scratch.

U The issues mentioned above ultimately drastically increase costs and sometimes

run software projects into the ground.

The section aboveriefly described someoftware process models and the exi@ng the
opportunistic approach highlighted how choosing a wrong model could potentially have
disastrous effects on a software project. From this point, quality of software processes which

are the basis of software process modetksisusseaext.

In practice, applying appropriatsoftwareengineeringorocesssinfluences the perceptionf

end productsstakeholderfience have a vested interest in improving this aspect of quality.
Industry literature hence described three principal attributes of softpracess quality
(Chappell 2012b, p. 4)

U Meeting delivery dates$n effect, process quality ensures that software features,
artefacts are delivered in time by enforcing processes that are adhered to.

U Meeting budget constraintdrocess quality also ensures costs do not go
overboard and that financial constraints are clearly understood by the team and
respected as much as possible.

U An iterative development process which reliably delivers quality seftweue
process quality is only achieved when it consistent an applicable from one
project to the other.

While organsations strive to remain competitive, it is only when firms grasp how critical
quality is to their survival that they understand it actadlie.In industry practical use cases,

organisations need tfactor in quality during development of projects rather than await
incidents to implement fixes in peshplementationSome studies have for example suggested

that in smaller sized projectshile teams should be concerned with implementation activities

, | eadership needs to al so deal with qualit

lifecycle (Lin, Zhenyu& Lizhi 2012, p. 4)
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To reiterate thémpactof quality for engineering project teamthe next sectiorattempts to

addressvhy quality issoimportant to organetionsfrom a business point of view

2.4 The Business value of software quality

Organisitions which value quality thrivéue toseveral factorsThis is because they become
more innovative and responsiveanever changing market place, increase their competitive
advantage as well as ultimatslycceed imeducing their total costs of ownerskigessin 2004,

p. 3) For example, anBM sponsored study explad that for software development
organsations or units to survive and succeed in the challenging business envitaheen
operate in, these orgaatfons need to place a heavy focugjaality (bid., 2004).Concluding

its analysis on the value of software quality, the study addahetincludingguality-oriented
processes in the software development lifecycle will ultilpafgiomote innovation for
organisitions, thus lowering costsybncreasing standards and predictability, reduce risks,
eliminate rework and at the same time ensure that differentiation with other competitors is

apparent to customers.

From the study cited above, one would retain that the business value of softwidse qua
eventually becomes more visible to orgations which understand that addressing quality

issues will in the long term always cost less than ignoring them.

To further examine the business value of software quality, some industry literature suggests
that one could isolate this issue in two separate parts, notably the business value of quality in
externallyas well as internallyfacing software(Chappell 2012a, p. 2)The next section

discusses these two parts.

2.4.1 Business value of externally facing software

The termexterndly facing software refers teetail software product&Chappell 2012a, p. 2)

A few examples can be used to illustrate the negative impact bad quality software can have on

a business. For instance, in April 20alhacker groupttackedSony 6 s Phetwgr&t at i on
This intrusion resultedn the compromisingof around77 million accountgWilliams 2011,

para. 2) What happeneds that the attackers identified a known flaw in the database system
security features and exploitedilti¢l., 2011). Sony later estimated that the incident would cost

the companylaout $170 million in the 2011 financial year. This is just orawple to illustrate

how organiations especially large companies risk damaging their business if they do not put

an emphasis on software qualifygure 2.4shows the typical impact of low glity externally

facing software on businesses:
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Figure2.4: Impact of low quality externally facing software (Chappell 2012a, fig. 1)

Figure 2.4 illustrates theneed for an emphasis to be placed on delgehigh quality to

customers. Businesses which do not realise the importance of such issuestdorergisk

tremendous negagvrepercussions on their orgatiens, ranging from financial losses to

actual lower brand equity over time.

2.4.2 Business value of internally facing software

The terminternally facing software refers to softwarepdipations created by an orgaaim®n

and primarily used by its own employe@&happell 2012a, p. 4Ihe impact of low quality

with such software also has a negative influence on busmessr timeFigure 2.5llustrates

this:
Lower brand equity
Reduced business benefit for IT group
from software |
/ Increased career x’f Greater likelihood of
Slower user

challenges for IT leaders / outsourced development

adoption | /
/ VAR L U

Time

Figure2.5: Impact of low quality internally facing softwar¢Chappell 2012a, fig. 2)
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Internally facing softwarevhen characterized by lower quality preseathostof potential

hazards to orgarasions(Chappell 2012a, ppi8):

U Slower user adoptiariThis usually happens when for instareceomplicated
businessimprovanent process application is implemented. The obvious
negative impact is that the objective wigroving the intended process will take
longer than if a higlguality application was implemented.

U Limited business benefiThis can occur even if user adoption was deemed
smooth The quality issues start popping up after the softwaneuse and bugs
become more apparent to the users. This might for instance result in inaccurate
reporting which could ultimately have a dramatic incidemany business.

0 Chall enges on :llTimalagees desporsilble far projests which
delivered low quality sitware might end up tarnishing their reputation, and this
could negatively affect their career paih industry.

U Lower brand equity for the IT groughe IT Unit itself might end up being
negatively perceived by the rest of the orgation.

U The threat ofoutsourcing When a brand becomes so damaged that it risks
reaching the point of no return, custontersd toflee. Technology firms are not
exempt from thisSoftware Engineering orgamigonscan only maintain their

brand by consistently delivering guglsoftware

It hence appears that maximisiting business value of softwaggality requiresorganistions

to understandisks involved. Inpractice the effects of theSony 2011lincident could have
perhapsbeen mitigatedhad senior leadership better iagated the potential dangers of
underestimating the need for thorough and continuous quailitiyol. The organiation could

have avoided the brand damage it suffered had it understood the correlation between an
applicationds q yiededfdr the basindss in terens of eokt,uime gaihs or

simply user satisfaction.

While considering the overall business value of quality to most sector€; Thadustry has
understood that major problems in projects occur when companies try to dirgtylyaality
lessons learned in manufacturing industries to the software development {folcaspell
2012b, p. 2) To further illustrates thisthe next section proceeds to a discussion of

particulaities of the software development world.
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2.5 Specificities of the software engineering world

Transferring quality lessons learned during manufacturing processes to the software
development world often yields more problems than solutBasili & Caldiera 1995, p. 55)

This tends to happen when software engineering executives fail to note that manufacturers will
typically develop their quality models by retrieving large amount of data from business units
where processes are repeated in an almost mechanicabwiag995. The incompatibilities

in philosophies are most evident if one understands that software develt@as&aditionally
oftenheavilyreliedon specific intellectual capital which needs to be adapted to the problem at
hand. It is hencesometimesdifficult to replicate manufacturingno d e degeiddece on

massive repetitions of the same processes to a practical software development use case
(ibid.,21995). In practice, while for example, a civil engineer will pick up most design flaws on

a construction projectery early in the design phadéis is notalways possiblén software
projects. Aknown issue with software engineering for most professionals in the information
technology field is that many times, some design defects are only picked up by engioeers on
the software has been implement&d. further illustrate the idea mentioned previously one
could consider the foll owing (Maskelymi&davano f Mur
2013, p. 54)

filt is an experience common to all men to find that, on any special occasion, such as the
production of a magical effect for the first time in public, everything that can go wrong will go
wrong. Whether we must attribute this k@ tmalignity of matter or to the total depravity of

i nani mate things, whether the exciting cause
One could summarizéas follows:il f anyt hing can go wrong, it

To contextualizethe quotes mentionembove,one could use the example af experienced
software engineelln, practice, many such professionetaild testify that oftencertain bugs
tend to pop up only after systemslgae. Older studies had for instance suggested that about

only 50% of déects can be successfully identified by test{ipgMarco in Head 1994, p. 48)

Thisused tdhappen because praction environmentbave traditionally beewery difficult to
replicate perfectly during development andigging, for these reasons, unforeseen program
behaviourscaused by unplanned utilization by emsers are not uncommon in the software
engineeringworld. A mathematical approach to further understand this problem provides

another theoretical lens.
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In effect, the behaviour of software which contains a certain amount of bdgsdsbed in

Poisson survival statisti¢kittlewood in Brady Anderso& Ball, 1999, p. 5)
To illustrate thisUniversity of Cambridge researehplains that the probabilithat asoftware

bug staysunnoticedafter running test$) can be expressed ihe equationr] Q Q

'O 'tepresenttheportion(also eferred to as therility ) of software bugdependent on the input
space it influenceéBrady, Andersor& Ball 1999, p. 5) The inference this gives us is that
even when planned or random testing is executed in software engineering projects, there will

always remain a certain number of undeteckeig.cts.

While this equation is applicable to simple systems with relatively few bugs, extensive

empirical studies have shown that if one applies this mathematical model to large and complex

systems, tweaks are necessary to the equation as the oddsreffta thet-th testi s n ot

correlatedo C) . Itis related ratherelatedto K / t for constank (Brady, Andersorg

Ball 1999, p. 5) TheCambridge study acknowledges these limitations bedausstances
wherecomplex system have been observéd have mean tingeto failure of 20000 hours,
equivalentduration testing is required fonte equati on t o f (Batler&he pap
Finelli in Brady, Andersoi& Ball 1999, p. 5)

When attempting to draw parallels between the software engineering world and biological
species, researchapparenthc o mf or t Mu i mositndtisat tHe amoud§ software

bugs whichremain latentdespitethe implementation ofelection procegs is maximized
(Brady et al. 1999, p)6

Ultimately, what the study shows is tlathoughbiological specieadaptediuringevolution

to changing environments at minimal cost in early deaths, in the software engineering world,
testing can only remove certain number of defects which also need to be consistent with the

tests applied amhere this is obviously a negative for software engineers as it means that even
after testinga large number of latent bugs in softwana@n in factremainproblematic(ibid.,

1999) At this stage, to summarize the current discussion, two facts seem to emerge:

1 Software engineering development processes are very diffdrent typical
manufacturing processes; quality models derived from successes in one area are hence

not necessarily applicable to the other.
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1 When consideringdur phyés Law in a software engine
that not only do some defects only appear after systems are implemented, but
additionally; mathematical models tend to show that eviem a§orous testing during
the software development process, certain defects tend to remain latent until unforeseen

circumstances occur.

Taking irto account the unpredictable nature of what could happen after a software project is
deployed despite carefplanning, testing and execution; software engineering stakeholders

need to hence put emphasis on quality and quality related issues throughout their entire
software development lifecycle, to this point, quality management is discussed in the next

section.
2.6 Quality Management and Software Quality Improvement

2.6.1 Background to quality management

Industry variables sudrsthe global market place and contemporary consumerism have largely
contributed to a shift ithe perception of quality, its role and impactohia r més compet. i
edge(Cohen 2008, p. 28)fficient modern organ&ions understand the need to remain
competitive in order to survive. To achesthis, firms need to constantly improgeality in

every aspect of their internal activities for them to produce quality goods and services on
markets(Shelly& Rosenblatt 2012, p. 508)

This has led to aeverincreasingneed for higher quality products from orgsations and

consumers @te; businesses are therefore forced to strive for a competitive advantage based on
product or service quality (Cohen 2008 p.136). Quality managgi@éfitis hence made even

more relevant to both industry and academia because of its imphasiness pedirmance

Key drivers which motivate modern organisat:i
on QM include the desire to increase profits while maintaining a competitive edge on local and
international markets in a globalised econoi@hanim, 2016, p. 6) Against this backdrop,

guality managementan beexplainedas the coordination of activities aimeddatecting and

controlling an organgtion in regards to qualifySO/IEC & IEEE 2010, p. 288)

As an introduction to grasp quality management basicss often recommended that
organistions focus the core of their efforts measuring andvaluatingousiness processes to
accuratelyidentify gaps between customer requirements and actual product functionality
(Deming 1993, chap. 2)
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Initially inspired by work previously conducted for quality research at Dell LAlesjing
(1993), further proposes thatganizationalprocessesonsisteny leveragefeedback loops
which would enable management to identify and accordingly modify processes which need
improvement. To this light, the author describes a quality management cycle Irdasals-
StudyA c tordPDSA(Deming 1993, chap. 6The PDSA features the following steps:

1 Plan: This suggests that orgaatns should start using knowledge gained in previous
experimentgfor themto plan studies which may be expected to have help process
improvement.

Do: This refers to execution of studies designed during the planning phase.
Study:Thisrefers to the fact that orgaatsonsmustcarefully evaluate and understand
the results obtairmkafter previous steps.

1 Act: When the studiesyield positive results, orgar@tons should proceed to
implementation and use the studies as a basis for continuous research and development
with the PDSA lifecycle. In the everwhere expected results are nalbtained,
management needs to go back to the drawing board ardaethe planning phase of

the PDSA lifecycle with the objective of developing a novel approach.

Deming (1993)llustratesthis PDSA cycle:

Act Plan

e What are we going What to achieve
to do differently? How to achieve it

e We are going to
do it differently!

Study
e |sthe Result
according to Plan?
e s the way we achieved Do
the Result according to Plan? Carry out the Plan

Figure2.6: PlanStudy-Do-Act (PDSA) cycle adapted from Deming (1993)
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The essence of Demingdés modmlyqualityghgnagement, t hat
organistions need not only focus on understanding their core business processes, but they also

need to continuously engage inplanning, study, and tweak these processes.

2.6.2 Quality management in software engineering

In manyindustrysettings quality management mainly serves as an umbrella activity which is
ongoing throughout the software devetmmt lifecycle and which ensures that development is
done appropriately as opposed tedome countlessly because of quality iss{lressmar&
Maxim 2015, chap. 21Models derived from quality management concerns help organisations
improve the monitoring ahhandling of software quality while projects are ongdgian 2002,

sec. 9.9) This enables the reduction of the amount of rework, which in turn results in a
redwction of costs and improved project delivery timelines. To further summarize the key
points of quality management in a software engineering context, Preaschdaxim(2015)

explains that essential features need to be effective, notably:

U An efficient quaity assurance process.

U Specific quality control tasks such as formal technical reviews and for instance-a multi
tiered testing strategy.

Effective version control and verifications systems for source code.

The implementation of software engineering stadslar

The delivery ofguantifiable measures and reports

c: c: c: c:

Effective engineering practices, tools and methods.

Considering the points of quality management listed above, this thesis considers that a
symbi osi s of these key f eaformaneessential plllanthean en gi

guestof gaining a competitive edge at the very least in terms of product quality.

In software engineeringroject settings contributing to the orgasat i on 6 s compet
advantage equates not only to producing new anoMative products, but also to ensure that
each new release does not reach customers before acceptable quality standards are met. In this

light, the next section discusses quadigsuranceas well asoftware process improvement

2.6.3 SQA and SPI
In many or@nisations)T departments will often leverage the services gtiality assurance
team (QA) This teamis tasked with testing software changes to all applications and establish

reviews as well athereporing of its findings to ensure engineering progotctify what needs
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to be fixed(Shelly& Rosenblatt 2012, p. 29)his Quality Assurance is important regardless
of the methodology being used. Whesedin traditional waterfall models, quality assurance
is usually done after products have been developedgile teams because of the dynamic
nature of the software artefacts engineers need to produce at regular intervalsoua
ideallyto be adapted to bring stability and quality during etesiative phaséBhasin 2012, p.
66).

In the context of engineering projects for modern organisations, Software Quality Assurance
(SQA) encompasses an establisles@luation mechanisrteveraged by teams to monitor
quality control processes while enforcing compliance to required formatiesstds ina
continuous manndgSowunmi& Misra 2015, p. 868\While SQA considers that processes in

the value chain form part of a biggeackage thateeds to be delivered to consumers, Software
Process Improvement (SPI) considers frompisspective that engineering processes are
actually the central decidinfgctor whichorganisations should focus on when attempting to

deliver quality software artefacdshrafi 2003, p. 670)

In engineering projects, processpravement often refers to a term coined by the Software
Engineering Institute (SEI) from Carnegie Mellon to describe advamrk leveraged by
CMMI models for the integration of software engineering activities in projects and their
expected endiser artefact¢Shelly & Rosenblatt 2012, p. 509prganisations which have
opted to leverage models such as CMMicea specific interest in quality management and
assuance.Thesebusinessebave typically also adopted Software Quality Assurance and often
have dedicated SQA groupsteams responsible for guiding the enterprise iofats process

improvement related endeavo{ikan 2002, sec. 17.10)

As such,to ameliorate thenanagenent ofsoftware engineering activities, organisations can
leverage Software Process Improvement (SPI) to better analyse their interelalpdesnt

processes and proceed to improve tligohrmannet al. 2016, p. 89)

2.6.4 Software quality improvement

The value chain theory is an interesting lens one could use to discuss software quality
improvementFor an orgarsation, the ability to perform partical activities and effectively

manage the links between these activities equates to obtaining a competiti@ @degyein

Wiggins 1997, p. 1)Furthermorechain theory examines anorganmis i onds pr oces s e:
each step othe production process as value added to the final product. In this light, if one

considers that improvements made at each step of a value chain could improve the entire chain,
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a clear link can be establ i shed sasithe burranth e
t hesi s gGhemeassuntdalagirhproving the process by which software is produced will
ul ti mately i mprove the s ofperhapsyiedd apompeatitive t 0 s

advantage for the orgasation.

At this point of the studya relation between software quality improvement, quality
management and software qualdgnerge In effect, the current chapter presented Process
Quality as a key aspect of overall product qualltyis is supported for instance by research
which highlights effective software engineering practices, tools and methods as an essential
feature of effective quality management in a software engineering c@ategsmag Maxim

2015, chap. D). The next section hence proceeds to a discussion on the history anthimoe

of methodology in software engineering.

2.6.5 Software Engineering methodology as a foundation to quality

The Software Development Life Cyaensists in detailing a pldo managesoftware projects

It has traditionally beenne of the most popular agaches to running software projects due

to the formal structure it provides in software engineering teams aiming to deliver products

within set budget and time constraifiterman et al. in Patwardha al. 2016, p. 1)

The methodologySDLC suggestsalso aimsto facilitate quality in development processes

Below isatypical representation of the various stages of the SDLC
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J Designing

Spawned from the SDLC approach, a methodology called the Waterfall lifecycle was

Deployment

Defining

Figure2.7: SDLC phases

introduced as a set of linear and sequential phases to execute software (Beje&tIhayer

1976, p. 67)Aimed at providing @evelopment framework which would provide some formal
structure for software project teanitscomprisegprocesses oiteps which need to be executed
sequential}y (Giblin 2012, p. 3) The waterfall approach to software project management
revolves around a simple methodological pillar: each phase of a project lifecycle is dependent
on the preceding step, hence no phase can commence before the previous one is complete
(LucidChart 2017, para. 3)t is usually understood to be the traditional foundational
benchmarkor running software projecia a topdown manne(Thummadi, Shi\& Lyytinen

2011, p. 68)Figure 2.8llustrates this model
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Requirement
Analysis

System Design

Implementation

System Testing
System
Deployment
System
Maintenance

Figure2.8: Waterfall Model adapted fron{Boehm & Turner in Mnkandla 2008, p. 15)

A detailad discussion of theoncepts introducedbove are beyond the scope of this section.

What is interesting to note though is the emphasis traditional SDLC places on software
engineering processedlor eov er , despite the SDLOWisg stron
rooted in this paradigm constitutes a limitation as it is predictive in nature and assumes that

business requirements can accurately be anticigteklandla 2008, p. 16

This research ultimately ambitions to propose a practical agile oriented framework supported
by related technological tools for the continuous delivery of qusdiftyvare Before presenting
discussions on agile methodologies, the next sections lpgoceed to introduce software

quality models.

2.7 Software Quality Models

Though many quality models have emerged from sectors with no apparent direct link the ICT
industry, some have successfully been created and implentedaase of reavorld software
engineering problem3his has led to extensive research in the field yielding improved quality

models.
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With regards to gaining insight into software quality, researchers have built models which rely

on metrics to improvie over time.In order to proceetb a concise synthesis of software lifjya

models available to orgamsons, six models deemed current or instrumental in having
inspired more recent models are discuggation, Kourie& Watson 2014, no. 52)

271 (UAOO AT A 21 OAT AROC6O NOAIT EOU 11 AAI

In terms of quantitativapproaches to quality in software projects, previous research has shown
that rigorous estimations and evaluation metrics can yield immense benefits. One of these
approaches i s Hyatt and Rosenbergbs quality
are meant to facilitate risk assessment for software projects in the sgasgy, quantitative
techniques are argued to help improvement of quality in projébtatt in Liu, Kane&

Bambroo 2006, pt. 1.2The importance of risk assessment is capital in the contsgaéble
distributed softwre architectures(Lima 2010, p. 349) At its introduction, Hyatt and
Rosenbergbds research revol 6@ippndskadsessnmefitt war e

and management for the improvement of quality of their projects.

This softwarequality modelaimed to apply traditional concepts to the needs of project
managers at NASA and the Goddard Space Flight Céryat & Rosenberg 1996, p. 209)
Considering that the poor gathering and documentation of requirements had an impact on
functioning softwar e, researchers el aborat e
mitigate potential risk areg¥Vilson, Rosenberd Hyatt 1997, p. &1). This modelis based

on the perspective of a project manageowdverages certaimetricswhich are tha used to

provide an indication of the risk in each risk a¢daton, Kourie& Watson 2014, p. 2)The

creatorof the models establish four goals from their understanding of software qib/ast

& Rosenberg 1996, p. 209)

Table2-2: Hyatt and Rosenberg's quality goals

REQUIREMENTS QUALITY This goal aims to produce requiremet

evaluated by the following attributes:

Ambiguity
Completeness
Understandability

Requirement Volatility

=A =4 =4 = =4

Traceability
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PRODUCT QUALITY This goal aims to produce code an
documentation that will be evaluated by 1

following attributes:

1 Structure/Architecture
T Reuse

1 Maintainability

!

Documentation adequacy

IMPLEMENTATION EFFECTIVITY The objective here isappropriate usage o
resources within project timeresources ang

costs constraints.

TESTING EFFECTIVITY This objective aims to facilitate the timely
identification of faulty software components g
remediate to these whilensuring the softwar
will behave in an acceptable manner posiige.

2.7.2 Cleanroom software engineering

Introducedbecausean efficient, effective andigorous disciplined approached to executing
software projects successfully had not been yet establi€healhiroom software engineering
was enthusiastically welcomed by organisationsaratlemia alike as a possible approach to
improve quality in software development proje(@&izer 199, p. 14) It wasintroduced at
IBM in the early80s asa group focused model aimed ensuring usage of snd software

engineering processes and related prac{idbesk, McHugh& Eljabiri 2005, p. 31)

While its ambition was to yield higher quality software products witkeratolerancepolicy

for defects, it leveraged formal methods such as correctness verification anebabgtiox
design while heavily relyig on statistical controls to produce its promised bengfiteyer

1993, p. 2) Projects advocates for Cleanroom methodologies argued for a combination of
formal specifications and the leveraging of evolutionary devedmpriechnique¢Larmané&

Basili 2003, p. 53)

It can be described as methodologywhich aims to enable high software reliability under
statistical quality controlin this model, the reliability of the software is measured by its Mean
Time to Failure(Acton, Kourie& Watson 2014, p. 2)Studies have suggested that software
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users are more aff ect elidythhnythe aumbeo df defectsriteniglst y st e n
have(Currit et al. in Acton, Kouri& Watson 2014, p. 2)

The assumption this theebased engineeringpproachas is that output of the development

phase of software production is of high quality. Hence, there should be moreifotsting

the softwareds reliability. This is made ef
foundationduring the specification, design and quality check phaseson the other hand by

making use of functiortheoretical methods to ensure 8aite correctness as well as ensuring

statistical usage testing to certify product qugligton, Kourie& Watson 204, p. 2)

2.7.3 Source code management approaches

A source control management system provides file management and version control to ensure
software engineers do n o Modelswimspiredby 8@V basadc h o't
approaches propose an autordaggaluation of metrics baseda s oft war e produc
in order to analyse its qualitfBarkman et al. in Acton, Kouri& Watson 2014, p. 3)
Organisations such as Google for instance leverage a consolidated source control system which

is used by all engineers Hte companyexceptin opensource typeof projects which are

typically shared with a wider audienffdenderson 2017, p. .3)

The wide adoption of products such as Subver
systems etc. seems to attest to the pertinence of such apgrt@athe software engineering

community.

2.7.4 1SO Standard

ISO is a general standard for all industriesalilays much focusonanorgamis i on6s qual i
system.The 2004 iteration of ISO standards (ISO 9@)Qproposed a framework for quality
assurance ithe production and maintenance of software arte{&ttslly& Rosenblatt 2012,

p. 510) This standard typically requirésat software engineeringrganisationsand project
teamdamplement a detailed stdypy-step plan which details the full lifecycle between gathering

user requirements arttle delivery of end user producibi¢.2012). Traditionally speaking,

ISO standards suggest that when an organisation implements, maintains and continually
improves the processes used in the production of its products and services, the output of these
processes will be of consistent or improving qua(iacton, Kourie& Watson 2014, p. 3)
Subsequently, one of thedirthing companies need to focus on is to identify in early stages
which of software engineering processes require improve(Meilanus& Wood-Harper

2007, p. 315)
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In terms of software quality specificali$O/IEC 25010 proposed a generic quality model
which focused on usage quality by isolating different quality in use components. These
components include a satisfaction in use aspect, and effectiveness as well as an efficiency in

use aspectdHussain& Mkpojiogu 2015, p. 10)

For smaller organisations which have traditionally struggled to implepremtous standards
which they didnot consi der applis naeadingly t o t
attractive to adopt as it was designed and geared specifically towards the needs of smaller sized

engineering housdtarruceaetal. 2016, p. 85)

2.7.5 Capability Maturity Model for software engineering

Similarly, to ISO 9000, the Capability Maturity Model advocates for commitment by
management in driving quality-orientedframework in running their business processes.
proposes basifoundational pillars which include the establishment of basic management
controls, clear understanding of processes, tangible quality standards which require rigorous
metrics to be evaluated and ultimately, a continuous process improvement @uttitanus

& WoodHarper 2007, p. 322)ts most recent emanatioils described as the Caphty
Maturity Model Integration (CMMI) CMMI advocates for extensive formal gsenningto
produce quality outcomes by yelg on predictable checklists and documentation to ensure

consistency throughout amganisatioal value chainGiblin 2012, p. 5)

The modelalsoencompasses training component for improving processes in orgéniss

as well as an evaluation methodology and service provided by the Carnegie Mellon University.
Having proven its effectiveness in many organisations worldwide, CMMI attempts to introduce
process improvement in organisations by tracking and monitorimgegses to better them
through five distinct maturity levelShelly& Rosenblatt 2012, p. 50%igure 2.9llustrates

theseCMMI maturity levels:
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CMMI Staged Maturity Levels

Peer Reviews Activities
Required for Level 2 and above
1. Prepare for Peer Reviews Level 5

Focus on CONTINUOUS Optimizing
process improvement

2. Conduct Peer Reviews
3. Analyze Peer Review Data
Level 4

Process QUANTITATIVELY Quantitatively
measured and controlled Man aged

L | Process characterized
evel 3 for ORGANIZATION and is
Defined PROACTIVE

Level 2 Process characterized

for PROJECTS and is MANAGED
Managed

Process unpredictable, poorly

Level 1 controlled and REACTIVE

Initial

Figure2.9: CMMI Staged Maturity Levels

The CMMI approach to qualitgims toinfluence orgarsations by establiging process areas

with specificobjectives andhe requiregractices to achieve these go#lsother way to look

at CMMI is to understand it as a set of products bundled together into a management suite

This suite isaimed at the fatitation of process improvement by leveraging integratod

complementaritypbetween various Capability Maturity Models otherwise labelled as CMMs

assimilable to process areas: Software, Systems Engineering and Software Acquisitions

(Omran 2008, p. 2)

For project teams and software emagring organisations at larggeMMI should notbe an

SDLC model butouldratherbe viewed as a quality framework or approach whiokusses

on the process management princiflBis principleultimately stateshata systend s

guality

results from whetheor not it was produced through quality proceg&&wissis et al. in Acton,

Kourie & Watson 2014, sec. 2.8)
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2.7.6 Six Sigma

Six Sigma attracts organisations from all sectors as it presents a comprehensive business
strategy whichis concerned with business improvemént operations excellencgntony

2004, p. 309)It can be used foenterprise governance as well the basis ofa tactical
improvement engingSiviy & Penn 2005, p. 7)To achieve this, Six Sigmancourages
organisations to focus on the reduction of variance while attentively paying attention to quality

assurancéAnderson2003, chap. 1)

Underpinned by the premise tha&fiability in the long run is determined by higher design
margins, it posits that if such a condition is met, then production output will be able to withstand
stress usage failuréslead 1994, p. 40Y o achieve this, it additionally promotes the usage of
statistical and nowstatistical tools derived from previous business improvements initiatives
(Siviy & Penn 2005, p. 8)

While this model was initially intended to improve manufacturing processes, software
engineering organaionsthatrely on itnowadaysadheretot he At hi r dSigmav e 0 o f
implementationwvhich hasprovenitself as acomplement to previous modgfSiviy & Penn

2005, p. 7) Six Sigma was at one point consideredeffective that it helped the Motorola

Group win recognition for its contribution to improving quality practices in the lat¢H8€=d

1994, p. 40)Consequentlyorganisttionssuchaslot or ol aés Gl olrammangof t wa
othershave useal Six Sigma or variations of it to complement the methods applied in the
software CMM(Oster 2004, p. 68)

Although difficulties encountered by organisations awsually influenced by industry
environment variables they rie& consider, remaining competitive in a digital market place
seems to transcend domain specific border |({@ehwartz& Amaba 2017, p. 427Before
anything else, firms are increasinglgquired to have more organisational agility in that
markets expect theto quickly and efficiently adapt to environmental chanfjas implies
organisational improvements in terms of balance, flexibility and coordination to better meet
market needfBoer& Sileno 2013, p. 5For most enterprises including software engineering
firms, this suggests rigorous and constemprovementsin quality delivery of products and

services to ensure their survival.

Considering the common goal of growth as well as quality delie¢érgbjectives across

industries, one could discuss restrictions to quality models both generically and in the software
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engneering world. The next section attempts this with a discussion on limitations to quality

models previously discussed.

2.7.7 Caveat to traditional quality models

The models discussed aboaen to provide organ&ions the ability to gain insight and a
degree otontrol over the quality of their products. This is démethe most part by relying

on models which use metrics used to identify low points in terms of quality and how to improve
them In studies such as the current thetliere isa defendable temptah to rely on industry
prescribed models which seem to have made their marks across the board and are generally

recognized as satisfactory.

Nonetheless, big issue with some of these models is that ttanoftenbeperceivedy some
smallerbusinesseto be either too broad or too narrow for specific useertaincasesSome
studies have shown that businesses have at tiomssdered that heavy footprimiethods such
as CMMI are preferable only whedelivery timeliness was not paramoufitalermo &
Rissanen 2002, p. 83)

With older approaches such as Hyatt andforRxamm@entiereissupd s qu a
need to be considered. In effedespite the relative attractiveness of leveraging hard and
tangible project metrics for better rissessment to improve qualithe broadening of

evaluation scope to processes and resource can still be consideriggdtoT his model for
instance does not <cater for relevant data w
feedback, subject ntter experts opinions or customer infidyatt & Rosenberg in Trendowicz

& Punter 2003, pt. 3)

As afurther illustration with more recent modethe CMM framework is perhaps another

example of approaches which do not adsladkissues in software projects.

In effect, CMMI could be interpreted as only leveraging capability levels (CLs) to in fact
address the issue of i mprtbroughthgselemsed, the rmdes mat L
can be criticized as actuaplelybeing unidimensional by only addressing this narrow aspect

of organisational maturitgGhanim 2016, p8). It does not clearly separatee maturity levels

from otherdimensions suchsthe detailed set of techniques, resploitises, methodologies

which need to be thoroughly explicated for businesses to evolve in ff@tcaompetitive

knowledge economyl{id., 2016).
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In the case of Six Sigmane couldjuestion its applicability in settings which requarbroader
perspective than narrow statistical analysis. Motorola advocated this approach to the issue of
quality by concluding that setting a tolerance for defects under 3.4 per million unita was
premise conductive to fostering higher lev&igjuality. This was argued to be effectivethe
automotive industry and even perhaps in some seorieated sector€Chassin 1998, p. 567)

This alsoinspired Motorola itself and many other organisations into applying this standard
deviation centric approach as the basis for quality strategies in other aspects of thegsessi

Yet, some studies have showed that appliesbioe parts ahe healthcare secttor example

Six Sigmamplementeca s per Mot orol ads initial suggest.i
death rates for patien{€hassin 1998, p. 569If one considers the importance of software
systems in modern healthcare practices, the dangers of bapglying Six Sigma hence
become apparent because the nature of business processes themesivatsatloays make

for easy or logical comparison across organisational settjAgsony 2004, p. 304)
Furthermore, in software engineering settings, IS research suggests that practically attempting
to measure a million scenarios in which one could intteddefects in any give software

product is not a realistic expectatipihittaker& Voas 2002, p. 31)

Other formal methods also presented challenges to organisations and their software teams in
their attempts to satisfy their quality expectations. In effect, eldar models such as
Cleanroom were challenged because of the percetiteynwere stuck in even older notions
dating from the 1960deizer 1997, p. 15)

A problem with Ceéanroom methodologies is that they did not initially cater in a rigorous
manner for unit testinfHead 1994, p. 3. In practice nowadays, teams which have understood
theactualvalue of testing and where approaches sudreasDriven Development (TDDgan

be leveraged; no longer require to be swayed by models such as Cleanroom Software
Engineering and many of its obsolete aspects if one con$atdanstancethe current optios

available to organisations and engineering teiantsrms ofnoveltesting frameworks.

Despite criticism discussed earliéoy modernsoftware organegions,the modelsdiscussed
previouslyall influencedor contributedin improving restrictive older warfall-like models

traditionally championed by large multinationals sasMicrosoft, IBM etc.

Today, engineering project approaches have evolved from these older methodoladjias
would eventually be known as agile software development. In thtechepter these agile

ways of approaching software engineering and their origiprasented
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2.8 Chapter Two summary

Chapter Two served as the first layer of our literature review. It aatn@abvidinginsight into

what software quality has historicallptailed. From a conceptual point of view, grasping the
unique nature of software contributed to observe the need for formalizing software engineering

as a discipline.

From this pointon, a discussion was conducted to describe how this faratian of
engneering practices evolved throughout tinf@uality management ancksulting quality
modelswere explored to understahdw organizations have attempted to deal with delivering
their software projectsCaveats to these traditional models were nonethelesemed to
understand why engineering teams haterted to shift towards more agile approaches to
software projects. In this light, Chapter Three serves as the second layer of our literature review
by following. The nexthapter of this thesis hence ses\at discussing how &ty as emerged

as key requirement fahe development of successful software projects in more recent times.
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3. CHAPTER THREE: AGILBEVELOPMENT APPROACHES

ChapterThreepicks up fromt he f i r st of haurefreviewfl Thi€dniingedt he s i
literature exploratiomiscusses how agile methodologies came to be an attractive evédution
softwareengineering projestexecution. The dpter goes on to present customization options

in terms ofprocess and method engaring It thendealswith the tailoring of practices in

agile settingsA conclusion finally follows with gresentatiomf disruptive agile technologies

available to enhandbe managemeisoftwareprojects.

3.1 The origins of agile methods

Traditional SDIC approaches to project delivery were heavily reliant on requirements
gathering and its accuracy. Some of these approaches such as the Waterfall Model were
established to help organisations reduce the time needed to implement, build, test and ship
softwareproducts to endisergBernstein& Yuhas 2005, p. 16)

Despite their initial allure to most software project engineering teams, these methodologies
were not without drawbacks. For example, a big problem for project teams includedtthe
that estimations could often be ill informed and thus inaccurate for key project milestones. In
effect, expecting customers to know, explicit and understand in detail every specific need and
expectations during project inception can lead to falsengssons as requirements tend to
change. In addition to this, many software projects have often failed when requirements have

been gathered inefficiently or not precisely eno(lg¥fingwell 2010, p. 6)

These limitations and historical failures of waterfalbdels inspired the advent of an
engineering philosophy initiated more than 75 years ago: Iterative and Incremental Design and
Development (IIDD) which were basically a collection of structural software development
models aimed at reducing the time it tdokplan projects, build software artefacts, test them
with users, and deliver them to customers in an efficient as well as cost effective manner for
organisationgDeek, McHugh& Eljabiri 2005, p. 16)

Iterative Incremental Design and Development approaches where actually born from quality
research conducted in the 1930s by Walter Shewhart at Bel(Eabwarin Larman& Basili

2003, p. 47) Later on in the 1960s, industries started modelling their processes iteratively
because research had shown that certain behavioural aspects of systems built only appeared

post implementatiofZurcher & Randell in Mckenn& Whitty 2013, sec. 2)
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Throughout the 1990s, IIDD was commonly adopted by software engineers in the form of rapid

application development (RAD), as well as the rational unified process (RUP) (Glazer et al.

2008, p.4). I1IDD suggested a framework aimed at increasigmeering velocity by adopting

an experimental approach to innovation discovery in the form a spiral experimental model
(Leffingwell 2010, p. 10)Table3-1 provides a snapshot of IDD modéisid. 2013)

Table3-1: IDD Models

SPIRAL MODEL

RAD

RUP

Requirements gathering, ar

the validation of sucl
requirements are the Vvite
trigger  to engineering
projects. Although it is ver
similar to traditional waterfall
sequential approaches,
innovated in its disavery
based paradigm regardin

requirements gathering.

It advocates for the iterativ
development of increasing
functional prototypes. It
main aim has traditionally
been to accelerate availabilit
of working software and i
hence a regarded a key sour
of inspiration for moderr

agile practices.

Ingrained in the spiral model approac
it was meant to be used essentially
large scale projects where scalabilif
and robustness are essential.

recognises the need for flexibility in t
management of divities as certain

tasks need to be repeatable.

Right before the start of 2000, methodologies geared towards more agility were introduced in

engineering projects to suggest the adoption of predictable lightweight, efficient and scientific

approacheso develop softwaréBeck in Mnkandla 2008, p. 41Mnkandla describes the

connotations implied from above as:
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Table3-2: Agile Methodologies features adapted from (Mnkandla 2008, p.41)

LIGHTWEIGHT This implies reducing software tasks to the essential and focusing ¢

delivery velocity,

EFFICIENT This implies the delivery ofokitions to targeted audiences with minin
overhead on the software project team.

LOW -RISK This implies that Project Managers and their teams trade on the pra

lines of what is feasible and leaving the unknown until it is unavoidable

PREDICTABLE This implies relying on common agile practices.

SCIENTIFIC This implies basic methodology execution on formal scientific principles

It is against this backdrop with the proliferation of IDD methods and the need for increasing
agile ways of doing softwa development that field authorities met in the Wasatch Mountains
of Utah in February 200(Glazer et al 2008, p. 4)

From this meeting, emerged Agile Allianceon one hand; and on the other the birth of the
soc a | AglaManifes a Bhis manifesto essentially aimed to value core aspects of software

engineering projects in swalled agile settings (Glazer et al. 2008, p.16). These values include:

1 An emphasis on individuals and their interactions as opposed to specific tools or

processes.
An emphasis on functioning systems as opposed to large sets of documentation.

The importance of prioritising cooperation with customers as opposed to monetary

disputes over service agreements.

1 Adapting to changing requirements in project scopégrdhan following sein-stone

plans.

Ultimately, the Agile Manifesto encourages principles revolving around increased

development speed, collaboration and flexibility in terms of running software engineering

62



projects(Lytvynova 2018, para. 2 he current thesis considers agile described methodologies
which foster and encourage iterative development processes in an incremental manner as

described by local software engineering literafluiedvall et al. in Mnkandla 2008, p. 42)

3.1.1 Advantages of the agile philosophy

Modern software organisationscreasingly require agility in their approachessoftware
development projeci&Gaousso’& Mnkandla 2018, pt. 1)This has been observed to pide
organisations with increased flexibility and efficiency when facing continuously evolving
requirementgShelly & Rosenblatt 2012, p. 149When adopting agile methodologies and
techniquesthe outcomes of iterations are expected to be completed and passed along after
review, testing andcceptance by usefScheid 2013, para. . Afommonperks which areoften

cited forthe adoption ofagile approachesncludethe fact that they are adaptable to unique
projectsand that theycan be implemented into almost any settinghere the traditional
waterfall model 6s | i mi(ikida2013p When fiams ept to @lizel onger
adaptive agile methodologies in engineering projects, they typically proceed to structure
development processes around iterations which are focussed on delivering specific
functionalities(Shelly & Rosenblatt 2012, p. 21Furthermore, the incremental approach to
engineering which the agifghilosophy encourages has been found to enable the reduction of
overhead costs, facilitate customer feedback and increase the delivery of end products to users

in a more timely and efficient mann@vorstal 2017, p. 4)

As previous IS research has shown, when organisations migrate to agile approaches of
executing their engineering projects, the potential to fostehconditions for the delivery of

higher quality products increas@@umer& HendersorSellers 2008, p. 280Recent studies

have for instance shown that in comparison to traditional waterfalbjipeoaches, in agile
settings, teams seem to show increased satisfaction in regards to their overall productivity as
well as end product quality delivefi{assab& Defranco 2018, p. 118)n recent times, agile
approaches to software engineering projects have increasingly attracted both small and larger
enterprises because of noticeable gains they providenis t&f timely delivery, efficiency and
product quality improvemen{&mbler & Lines 2012, p. 1)Recent industry surveys amongst
professionals have for instance indicated various advantages of agile practices in organisations;
these include an increase in customer involvement, improved collaboration across multi
functional teams, adaptability in thacke of scope changes, parallel development and testing
activities, reduced time to market delays as well as performance and overall product quality

improvementgParker 2019, para. 20)
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Often associated with iterative development, simpliciageto-face communication and
customer focused approach, agility presents an attractive paradigm for mode(iifrgaon

2018, para. 1)it could hence be deemed pertinent to examine agile practices in further detail
when one ambitions to study modern approaches to improve current software engineering

projects.

In practice, the agile conceptization of software development tasks project leads with the
responsibility of establishing and allocating process actiifesera, Banda& Perera 2016,

p. 282) Furthermore, there exists an immense diversity in the type of software processes
organisations can leverage to build products intended for commercialisation toexsoi

Nitto et al. 2016, p. 13) This explains in part why there are so many different flavours of
practical agile implementations such as Feature anddfiesin development in addition to
Scrum etc.ipid. 2016).

This nonrexhaustive and ever evolviligt of implementations of the agile philosophy presents

researchers in the field with an immense amount of literature to review, dissect, and analyse.

In this light, the next section of literature review attempts to position itself within the South

African context realities.

3.1.2 Agile software development in the South African context

As its international counterparts, the South African software engineering sector has embraced
Agile Software Development endeavours. Locally, Agile is expected and has beentghown
decrease IT software projects failure ratgsseph, Marnewick Jan Santana 2016, p. 338)

Local academia seems to indicate that the most prolific agile methods used in South Africa are
Scrum and Extreme Programmifilpid. 2016. Add i t i onal | vy, this resea
conducted at a local stawp which uses both Scrum and Kanban. The next sections hence

proceed to introduce these three agile modern approaches to software development.

3.1.3 An overview of Extreme Programming, Kanban a nd Scrum

3.1.3.1 Extreme Programming

Extreme Programming (XP) appeared in 1996 as one of several popular agile processes to focus
on delivering software as users requireMells 2013, para. 2)This methodology proposes

an evolutionary approach to software projects focused on incremental processes, automated

testing as well as rapid deliveri@soffer, GeorgeX Valacich 2016, p. 19)
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XP advocates for short development cycles called releases to improve prod(ighvagsa

2015, p. 30) It proposes a disciplined engineering approach which is centred around the
delivery of functioning products to customers in a timely fashidont 2006, p. 16)
Furthermore, XP also advocates for effective and intelligent communication between various
project stakeholders including management and engineering staff with a cogualoto
ensure project success. By leveraging XP, high velocity and efficient project teams typically
ambition to deliver quality software products with as little-tage and within the most
appropriate time, resources and cost constraints as possiblemE Programming can also
often be associated with a set of values and principles in most modern agile software

engineering settingd.ytvynova 2018, pt. 2)

1 Respect in the sense where all project stakeholders work in collaborative effort to
achieve a common goal.

1 Accountability in the sense where high locus of contrekjgected from engineers with
a key emphasis on honesty and objectivergfléction as well as the willingness to
accept new challenges.

1 Simplicity in engineering activities. By encouraging developers to write simpler
testable code units, increased prdadudue is expected with savings in terms of efforts
and time costs.

1 Effective communication streams to ensure all project stakeholders work together
throughout project lifecycles.

1 Continuous Feedback loops to foster a culture of continuous rational temalaad

improvements in terms of product quality.

Another attractive aspect of XP is that it encourages practices such-psogaamming which

can beintroduced to novice engineers. Swagproaches to executing development tasks have
been shown to impk@ collaboration btween engineers while producing better overall
software artefactfMcDowell et al, 2004, p. 37)In most settingspair-programming
endeavourdiave been shen to fit well within mature extreme programming frameworks

(Bryant, Boulay and Romero, 2006, sec. 3)

Moreover, XP also emphasises the adoption of frequent cycles to improve development
projects and promotes the identification of four core practice épPéés& AgileAlliance 2017,

pt. Annex A3) Table3-3 summarises these XP areas:
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Table3-3: XP practice areas and activiti€BMI and AgileAlliance 2017, pt. Annex A3)

XP PRACTICE AREA

RELATED ACTIVITIES

Organisational

Teams are expected to collaborate in informa
workspace while facilitating customer involvement durir
project lifecycles. Team members are expected to work
very high but sustainable pace while team leaders 1

ensure continuity in any circumstances.

Planning

The team is expected to elaborate desargtiser stories
and plan cycles weekly and/or quarterly. Daily stams
are also used to make sure all members are informe

current issues and update task status accordingly.

Technical

Methods such as pair and tdsst programming arg
implemented. Bgineers also need to understand and a
incremental designs to make refactoring efficient

effective.

Integration

Engineering staff ensures code bases are integrated
stable. The principles of incremental deployment, unit
integrated testingas well as continuous integration a|

implemented.

XP additionally assists agile teams in overcoming the limitations of traditional SDLC in terms

of delivery time, flexibility and adaptabilifGharma& Hasteer 2016, p. 1XP is mostly used

as a simple and effective methodology for small agile téeck in Haryono 2015, p. 28)

According to Haryono (2015) its fundamentals include:

1 The understanding that decisions influenced by business requirements

and those made by project stakeholdexseldifferent origins.

1 The importance of developing unit test cases prior to implementing

functional logic and continuously testing against these.

1 Performing rigorous integration testing.
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1 Producing all software in pairs by making to engineers collaborate on
one screen.
{1 Initiating projects with simple, flexible and adaptable designs.

1 Pushing light functions as soon as possible.

Figure3.lillustrates an example XP model which puts the emphasis on the iterative nature of

agile.
User
stories ~— Test
i scenanos
New user story \
Helease Customer
Preparation plan version approval

Concept ——Release ——— Iteratlon —> Acceptance — > Release

planning \ tests

Next
iteration

Figure3.1 Simplified XP model (Shelly & Rosenblatt 2012, figg )1

3.1.3.2 Scrum

Agile methodologies departed from traditional waterfall inspired models by providing a novel
approach to project developmé@ooper 2016, p. 24Vsing the analogy 6f S ¢ r in magby

where a match is rebooted after every infraction, agile project stakeholders leverage short
meetings to strategize and plaation items ipid. 2016). Scrum teams typically feature
stakeholders such as a product owner, a development team, managers and users amongst others
(Shelly& Rosenblatt 2012, p. 148)

Scrum is such a popular framework for implementing the agile paradigm to software
development that it isften used as a synonym to the term agile itself. It considers that software
engineering projects are unpredictably complex and one needs to take account of this at

inception(Mahnic& Drnovscek 2005, sec. .2)
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The basic premise behind scrum is that the set of variables which influetwarsgbrojects
are not predictable and that imposed rules would not always be appr@gin&endla 2008,
p. 62) It is hence pertinent to adopt a methodology which spelighmubest practices to
manage such projectibid. 2008.

In practice Scrum distinguishes itself because of its insistence on committing to short units of
work in increments with high velocity which help teams rapidly advance towards their stated
goals(Yoshida 2018a, pt. 6)

Scrum expects products to be built in a series of fleadthiterations called sprints which
provide projects teams with a rhythm and framework to deliver software on regular cadences
(Radigan 2017}para. 2) These sprints in question are structured by four ceremonies identified
as follows(ibid. 2017):

1 Sprint planningin which stakeholders organize a meeting to determine what to
complete in the comingprint.

1 Daily standup which entails a daily fifteen minutes meeting for the software
team members to update each other.

1 Sprint demowhich entails a sharing meeting where the team shows deliverables
achieved.

1 Sprint retrospectivavhich entails a reviewfgoositive and negative items to

improve future sprints.

Agile organsations and teams use pull modefserethey retrieve a certain amount of work
off the backlog and commit to completing this work during specific sprints; this is a very
effective way ofmaintaining quality and ensuring optimum performance in the long term
(Radigan 2017}p. 1)

Mwansa (2015) summags Scrum as an iterative and incremental project management
framework. This framework takes into account the evolving nature of customer requirements
and therefore aims to encourage flexibility and adaptability from software project teams
(Mwansa 2015, p. 30)This declination of the agile philosophy also encourages the presence
of endusers throughout the gelopment lifecycles because requirements are understood to be
evolving(LopezMartinezet al.2016, p. 142)Agile trained project leaders promote Scrum to
organisations by desbing it as a management framework which facilitate incremental and

agile developmenfHutterman 2012, p. 23 ompanies tend to find this attractive as Scrum

68



fosters an environment where business stakeholders and technical staff collaborate at regular
time intervalgqibid. 2012. Furthermore, as Scrum is a cept closely related to agility, it is at

times used as a synonym for agile practice. By itself, although it does not force restrictive
guidelines on the rituals teams should perform during projects, it is often suggested that
organisations combine a scrunmspired framework with specific practices geared towards

compatibility within their environmer(Ambler & Lines 2012, p. 44)

Another element which differentiates Scrum teams from teams found in traditional waterfall
models is their composition. There are three essential roles in a scrum team which include
engineering teams, scrum masters and pct owners. Tablg-4 describes these roles in more
detail(Radigan 2017b, p. 1)

Table3-4: Scrum team composition

THE PRODUCT OWNER Product owners focus on understanding busir|
requirements before prioritizing the items to

completed by the engineering team. They mat
product backlog; ensure smooth communicati
between business and engineering teams; give

guidance on outstanding features; decide when
products are shipped. A key aspect to remen
about such stakeholders is that they are not mea
replace project managers. They are usu:
individuds as to have a multitude of product own
could result in the development team receiving m

signals.

THE SCRUM MASTER Scrum masters are tasked with coaching develop
team, product owners and business stakeholder
scrum processes while attemgtito finetune their
practice of such processes. They can be deem
facilitators-in-chief as they manage project resour
requirements, lead stangp meetings, review a

sprints and evaluate the retrospective phase.
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THE SCRUM TEAM

Well organized anefficient scrum team are usual
closed, cdocated and rarely exceed 7 members.
members of such teamusually offer projects
differing skill sets, and continuously assist in cfg
training members as to avoid an individual being
bottleneck. They eel to be able to plan sprint
forecast their expected delivery rates over e
iteration by using their passed velocity record
guides.

3.1.3.3 Kanban

Kanban can be described as an agile development methodology inspired by Toyota in the late

1 9 4 (Radsgan 2017a, para..2)

It

was

derived by t-ln&@img ar

philosophy to deliver final products in a timely fash{@hristian 2016, para. 3)

The key aspects one could retain when discussing Kanbaatig firomotes transparency,

efficient communication and clarity in terms of capacity and tasks allocation. In Kanban

projects, items are visualized by putting cards onto a task Bao et & in Nakazawa%

Tanaka 20160. 1). This way of managing software projects has a low barrier to entry for teams

newly adopting lean and agile principles and aims to drive improvement by facilitating the

visualization of work items represented by cardsask boards for examp(&elly 2017, para.

mar

2). Cards on these task boards will often include technical details valuable to assignees and

allow Kanban teams to view tasks status throughout thegbrat any time. This facilitates

auditing by enabling timely identification of stumbling blocks while ensuring increased focus

(Radigan 2017a, padd)). The Kanban approach also attempts to improve efficiency by placing

constraints on the number of items (Work In Progress) which project teams can tackle

simultaneously, this is argued to improve focus and avoid situations where teams are wasting

time by dispersing their effort@Majowska 2018, para. 1)

Kanban tries to focus on facilitatimgntinuous development and promote continuous delivery

by managing work requests in parallel and in a seamless fa@Ratkopf 2018, para. 4)

Typical Kanban projects are highlighted with a flowing cadence, a continuous release approach

to deliveries, little emphasis on existing rules and a constant adaptability to clbahd20(8).

Another attractive aspect of Kanbarthiat it is simple to adopt for organisations with a relative

low level of knowledge expertise about agile and lean paradigms. Additionally, previous
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research work as shown that many organisations are attracted to Kanban because it is perceived
to help redae Work In Progress (WIP), facilitate increased visibility and accountability for
delivery leads while improving overall development flpdhmad, Markkula & Oivo in Helen

& Tracy 2016, pl165).

Furthermore, in common agile settings, incidents occur and much of the work is often more
unplanned than not. When new worquirements are introduced at high velocity, teams
cannot afford to spend long amount of time in trying to make sense of backlogs or wait for
upcoming sprint planning sessiofBuchanan 201,8oara. 4) This is amongst others a core

motivator as to why many agile teams opt for Kanban in the running of their projects.

3.1.4 Limitations to current agile approaches and pr ospects

Agile implementations can be painful endeavours when there is not a willingness from within
organisations to accept the need for change. In effect certain studies have shown for instance
that factors such as people and the organisational culteira lange reason for resistance to
change and that in itself is one of main challenges to successful agile adoptierMartinez

et al. 2016 p. 146)During attempts to adoptarctices such as XP for instance, leadership is
often met by reluctance from engineers. This is because they often believe that pairing with
colleagues would lead to a loss of efficiency in their programming habits and force intense

social interactions thefeel uneasy witliWilliam et al. in Kalermao% Rissanen 2002, p. 100)

On a more practical level, during some engineering projects, teathsoteliscover that high
velocity new work requests, continuous change and continuously updated requirements can
immensely hamper agile implementation. In effect, many of these issues which can cause
project instability do not coincide well with a restvet Scrum or Kanban adoption for
examplgDaly 2018, para. 8Consequently, many projects need to blend compatible practices
from various agile approaches rather than use prescriptive guidelines based on a specific

methodology.

Switching from predictive approaches to more adaptive modelgsent organisations

which are ill prepared some challenges. In effect, it has been argued that too much emphasis
on the rapid iterative aspect and quick deliveries in agile shifts focus away from precision and
can yield an atmosphere which fosters olandiscipline (Shelly& RosenblatR012, p. 523)
Additionally, doubts have also been emitted about agile efficiency in the context e$t¢atge

projects because of the perceived absence of clearly explicated user requirements during early
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stages of project inceptioib{d., 2012). The nigration from typical SDLC approaches to new
methods can also yield other unintended situations.

To evolve their practices in the context of software project execution, while proceeding to a
transition from traditional waterfall models towards more agiéefices, project engineering
teams are at times tempted to completely forgo any sort of plavomgson 2019, para. 29)

This is very problematic and is often motivated by the desire to leverage a new so called agile
midframe as a remedy to bloated documentation, confusarg Charts or over ambitious
project plansibid., 2019).

What happens as a result of this is that organisation end up in a sort of hybrid model which has
all the disadvantages of waterfall processes accentuated by a bad understanding of agile. This

canresult in unmanageable software architectures which exponentially grow complex:

Main Database

Roll up Data and New Clent Data

Figure3.2 Software architecture example derived from bad agile implementati@vionson
2019, fig. 3)
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Another issue in enterprises is that most organisatiodskeeping small agile teams focused
on the same lonterm objectives very difficult. Although this is not a problem exclusive to
agile oriented engineering projects, maintaining coherence in terms of unity, logic and

consistency for instance is a daugtiask(Glazer et al2008, p. 20)

In practical agile implementations such as Kanban or Extreme Programming for instance,

specific problems can also be encountered in software engineering projects. XP for example
was initially inended to be adopted by small teams. In the real world, scaling up of practices

such as pair programming for larger organisations is not a simple or smooth pkatesso

& Rissanen 2002, p. 103)

In organisations which attempt to run mcis in Scrum settings for instance, post mortem
audits have often shown that writing meaningful user stories can prove to be very complicated
because of the perceived lack of clarity associated with agile adoption attempts; furthermore,
to advance positaly in their agile journey, teams need levels of adaptation and transparency
which can be lacking throughout many compar(lespezMartinez et al. 2016, p. 146)
Additionally, after the implementation of Scrum, some teams can encounter difficulties which
can lead to project failure. These failures can be caused by a few reasons as discussed in table
3-5:

Table3-5 Scrum Failure Faots (Adapted fromLiyanarachchi 2019, p. 1)

SCRUM FAILURE FACTORS DESCRIPTION

Gaps in comprehension of scrum principles. | Although in most environments, the entire proj
team would have gone througtome type ol
training or introduction to scrum, roles a
expectations need to be explicated to all te
members. Locus of control lack is problemg
and ends up resulting in failures at times, so
vital the Scrum master endorses the responsil]
of coach team members and the onboarding
new colleagues. This can assist in ensuring
stakeholders have a common understanding o
agile practices and processes necessary

successful Scrum framework implementation
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Inappropriate application of scrum without

considering specific project needs.

Projects are at risk when Scrum is adof
without understanding the nature of te
dynamics. When team members do not h
shared skills or experience, leadership need
shy away from simply putting togeer an
ensemble of incompatible subject matter expe

Mistaking scrum for a monitoring framework.

Leadership needs to use daily staipdmeetings
as soft debugging session where engin
collaborate, advise and communicate to deal
issues. Thessessions are wasted when only
to monitor progress without tangible inputs frg

the team in fixing issues.

Rigid top down management of project teams

Scrum projects lose their purpose if managen
does not enable sedirganisation. Individuals
need © be able to leverage cresctional
competencies from colleagues. Without tf
project team members are at risk of losing fo
and motivation, and simply revert to negat
attitude the face of

in perceive

micromanagement.

In the same light, Glazet al. (2008) further advance that because of certain prescribed agile

activities, complex software engineering projects have difficulty scaling well. The influencing

factors include:

Coordinating risk management.

= =4 4 A4 -

Clarity for teams in terms of understanding business requirements.
Product and processes alignment amongst teams.

Managing validation and verification strategies for the solution.

Fostering a common team vision and the understanding of objectives by all.

Another problem which teams can encoumtben trying to implement agile practices is that

of quality. In practice, it has been observed for example that agile software engineering projects

have often lacked suitable techniques to address quality requirefimaytst et al. in Knauss
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et al.2017, p. 427)Consequently while agile implementations often coincide with noticeable
improvements in terms of quality, traditionally speaking, at inception, Scrum and Kanban neve
explicitly stated that organisations should focus on improving their quality p@Ksky 2017,

para. 4) Additional impediments to agile approaches implementations in organisations include
alack of management support and general resistance to cf@lageret al 2008, p. 26)The

factors mentioned above are not the only issues organisations face when trying to implement

an agile philosophy.

For example, one of theabic pillars of most successful agile implementations is that of
communication. In effect, it is a requirement that aside from technical aptitude, project
members be highly skilled at communicating effecti@izelly & Rosenblatt 2012, p. 21)

Also, a key requirement of effective agile pracic®to as much as possible encourage direct
faceto-face communication between project stakehold@sngdon 2018, para. 6)
Additionally, the lack of emphasis on documenting agile projects can increase risk factors and
team leaders need to understand that because of the continuously evolving nature of
requirements, scope changes are not unljlsgythe project team needs to adapt accordingly
(Shelly& Rosenblatt 2012, p. 21¢oupled to this, some practitioners have also identified a
tendency in certain projects to approach scrum planning without a clear understanding of who
the actual target audiencg¥oshida 2018, para. I)his can for example yield a laokclarity

in the motivations for adding certain items in sprint backlogs to all stakeholders and hence

overload teams with unnecessary workloads.

I n the foreword to a Scaled Agile I nc. white
organisationathange is not in phase with the global business environment, firms tend to go

on a downward spirdlScaled Agile 2016, sec. Feword) In effect, while agile development

has addressed in large parts the need for responsive development, it was developed for small
teams and scales difficultly in large enterprise systénts 2016). Additionally, in the context

of satisfyingcusi mer s6 desire for fast and continuous
the gap between Line of Business and Engineering t€¢Baisal 2012, p. 4)This situation

often leads to increased misalignments between project aspirations and practical engineering
challenges, vacuity between objectives and deadlines as well as mismatches between expected

performance and delivered project featlRaam 2017, para. 4)

To bridge the gap between Engineering and Operations teams, modern organisations are

i ncreasi ngDegv 0gdetelopmgnt” and "offieratior)sdisan agile enhancer.
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3.1.5 DevOps necessity in the agile paradigm

As Agile projects typically try to ship features at the end of each sprint, this tends to
mechanically incur high deployment rates for IT Operat{gis 2015, p. 5) A consequence

is that while agile development has positiVve
teams, it has conversely negativelfeated the perception of IT Operations performantad.(

2015). This has |l ed to the emergence of fnDev

of the agile philosophyds practical I mpl emen

For many software teams or organisationperations and development functions have
conventionally been diversely considered and appreciated. A software engineer has typically
been understood to be the builder of code or software while operation staff has usually been
tasked with the responsibilityf production or operational support. A direct consequence of
this has been the disconnect between members of these teams. In practical industry settings for
instance, application internals as well as detailed software architecture are not always well
understood by operations stdfDi Nitto et al.2016, p. 12)Conversely, software engineering
teams are not always well in tune with infrastructure and critical environment variables such
as platform dependencies, network limitations etigid( 2016). Anotler problem which
engineers in software projects have traditionally struggled with is to ensure standardization of
development, testing and production environments. To ensure consistency across these
environmental domains, organisations have in the padiymeed on change management
processefPoojary 2015, para. 5)n modern times, DevOps helps teamsduan shorter build,

test and deployment cycles by automating many engineering prociesgeaq15). Industry

use cases at technologies giants such as Flickr and Netflix attest to a growing interest in

integrating development and operations activifigenget al.2013, p. 61)

Recent research as argued that when applied correctly, DevOps can extend the agility of
software engineering teams to the operations function and that it could help achideediggh

of efficiency during the entirety of planning and deployment lifecy@d{@snuto& Langerman

2018, p. 48)

The term @ADevOpsoO r e f e rnms whitho emghasises mareased t i v e
collaboration, communication and integration between software engineers an IT operation
professional§HappiestMinds 2014,p.3) It i s a contraction of th
Aoperationso and ai ms t o enhanoxkalleaggsinareasy by

such as environment configuration, continuous integration as well as tasks revolving around
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monitoring and performance improvemé@artner 2018, para. 9Pne could also describe

this approach as a set of techniques which facilitates enhanced communication, collaboration
between software and operations engineers. The ambition of DevOps teams idutte pro
quality software faster and more reliably at high throughput rates. To achieve such feats,
organisations need to migrate away from traditional horizontal divisions of labour amongst
disparate functional team@alalaie, Heydarnoor& Jamshidi 2016, p. 8)A couple of
consequences of dividing work in such ways include an increase in delays experienced for
change delivery, less flexibility in the assimilatiof new team members and reduced
comprehensibility of source code which is often heavily correlated to the nature and number of
teams involvedibid. 2016). An additional issue which can accentuate this situation is that in
traditional development teamigiternal challenges emerge because often, development tasks
are executed in silos. This has a nefarious effect for organisations in that, in some cases, only
specific staff gain expert knowledge in their respective domains without ever taking into
accounthe organisational need in the long term for effective knowledge shérangllée&
Robilard 2015, p. 686)

To address the bulk of problems mentioned above, DevOps advocates a more vertical approach
which suggests the allocation of team members to smalleritnossonal teams comprised of
competent pohskilled and adaptable agile engireé/NVhile companies can admittedly deliver

many features and products while operations and software engineering teams work in silos,
there is a risk involved where support staff might be testing products imenbstic

environments and this can lead &cteased user satisfactiaam 2017, para. .3)

Therefore, in the broader context of modern engineering teams, DevOps ambitions to apply the
agile philosophy and agile precepts beyond development team by associating IT Operations
engineers. A key motivator tdadghlight the need for this collaboration between traditionally
distinct IT functions in the form of development and operations is to eliminate conflict by
bridging the gap between software and operations engi(@afsaballaet al. 2015, p. 211)
Organisations can ultimately be very attracted to DevOps implementaiiahgir projects as

it advocates for faster response from teams in charge of IT infrastructure and the software

platforms required by business and customers alike.

Conceptually, DevOps represents a model for application development in agile environments
which requires deep collaboration between the development and IT operation functions. It

emphasises the need for the agile manner in which innovative modern software is developed
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to align with the way in which it is delivered to live environmébtsbois in Fitzgerald. Stol

2017, p. 3) Collaboratim between operations engineering and software development team is

hence deemed to be critical in DevOps environments. This collaboration is argued in the long
run to improve overall communication and help teams identify customer pain points quicker
so thateffective and efficient solutions are implemented decisively to improve customer

experience and satisfactigRarzych 2017, pt. 2)

For organisations whitaim to successfully implement DevOps and yield expected benefits
from its adoption, its introduction adds more responsibilities on the shoulders of leadership
staff;, management is hence put under increased pressure to foster an environment which is
compdible with enhanced automation capabilities and encourage better locus of control by
facilitating selforganisation in team@amuto& Langerman 2018, p. 49\ key underlying
ambition of this approach is to improve alignment between tooling, processes and tools in

modern engineering setting@awson 2017, para. .7)

Nowadays, DevOps is also considered as an absolute requirement for the development of
guality products and the effective running of resilient systems supported by increased levels
of adaptability as well as change delivgiyyck, Penners& Lichter 2015, p. 3)It is
increasingly attractive to all size organizations which aim to improve flexibility, eehan
productivity gains and experience rises in quality delivery in the context of software
engineering projects deliverfsereda 2019, para. 2Fnterprises are eager to adopt it for
improved speeds in terms of project execution, reduced costs and increased chances of

delivering quality softwaréBertham 2018, para. 1)

Another perspective DevOps could also be thought of, is that of a modern, practical
implementation of techniques inherently compatible to the agile philosophy in general. The
foundational theoretical blocks related to DevOps are presented ir3talj@ois 2014, (B):

Table3-6: DevOps terminology (Cois 2014, p.3)

TERM DEFINITION
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DevOps The term itself entails all that is necessaryatketan idea (feature, cod
documentation etc.) from inception through delivery to a customer i
most expedient and sustainable way possible. This model can be g
to the development lifecycle of anything with distinct development
operations camponents.

Continuous Integration Continuous integration (ClI) refers to the combination of developi
source code into a single application and then, typically run
automated suite of tests of the resulting system. This integration pf
runs decosktya by either polling
intervals or by having hooks setup which are triggered by code updg
the repository where it sits.

Continuous Delivery Continuous delivery refers to the process of packaging, testing aimdg
an application unit in a continuous manner so it can be ready
deployed into production in a timely manner. Continuous Deli
extends CI process to arrive at an application which has gone th

rigorous compliance testing and is validatetdeégproduction ready.

Continuous Deployment Continuous Deployment refers to automated deployment of applicg
to production environments. This typically supposes robust produ

validation mechanism and smooth rollback capacities.

Figure3.3illustrates the processes expected to be in place throughout teams which implement
DevOps:
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Figure3.3: DevOps processgdlodi 2017, fig. 2)

The move towards agile methods for software development teamseaaudiojtion of DevOps
enabling practices increasingly suggests a shift away from rigid traditional methodologies and
customize modern approaches to execute software projects. In this light, the next section
discusses why modern organisations and softwajegirteams need to progressively leverage

more flexible processes

3.2 Adjusting engineering approaches

Software engineering advocates disciplined rigor in the utilisation of software processes in the
running of projects. Understanding and managing softwaaepses effectively is paramount

to organisations which aim to improve productivity as well as product quality de{Bargia

et al.2007, p. 2570)

In an engineering context, processes will typically preconize a set ekmaiin established
practices in the aim of improving qutuctivity while yielding quality software artefacts and
endproducts(Casareet al. 2016 p. 197) For example, many programmers find comfort in
following specific formal gidelines in already well established methodologi€srisson&
Wistrand 2006, p. 83)
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Nonetheless, efficient software project teams understand that processes can typically not be
appliedto any random setting without at least some sort of process customisation being
required(Kalus& Kuhrmann 2013p. 1) It has hence been observed that software teams and
organisations in particular need to continuously adagt tiperating models and processes to
meet internal and external evolving requireméKis & Ramesh 200&. 39) Consequently,

it is also important that project leaders tailor their engineering processes considering the
reputational and financial risks involved when running new pro{duts 200§. This is even

more important for organisations which have certifications imperatives such as ISO or CMMI
as insuch cases, usage of industry accepted standards and processes is co(iautsoky
Alegriaet al.2011 p. 4).

Overall, when delivering new software products to customeasndetend to attempt the
customisation of methods to stabilize engineering projects and improve their own internal

processes to deliver quality epdoducts to marketdkbar et al.2014 p. 1)

The next sea@bn proceeds to introduce different angles an organisation could leverage when
attempting to adapt, customize and thus and improve processes in the running of its software
projects. The rationale for discussing these options is related to the fact digasisarely

encounter one size fits all models randomly applicable to any setting.

In this section, engineering metaodelling as well as method engineering are further explored.
The subsequent section aims to discuss how these approaches are infoenmebthyfor the
contextualisation of engineering project execution to organisational specific needs and thus
infers a need for the tailoring of processes in modern agile settings which are the main premise

of this dissertationds use case.

3.2.1 Software and System Process Engineering Meta Modelling

In the context of software engineering, organisations have a vested interest in formalising
internal processes as efficiently as possible. In this light,-metiels such as the Software and
System Process EngineeringtdModel (SPEM) have proven to be quite uséAkbaret al.

2014, p. 1)

Developed by the Object Management Group (OMG), the Software and System Process
Engineering MetaModel describes software and engireg processes as well as their
componentgAlajrami, Gallina& Romanovsky 2016, p. 2)
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Its 2.0 version (SPEM2.0) was generically designed to accommodate a large array of
engineering approaches and processes by abstracting dgpeaific variables from its
foundationalstructure ipid. 2016). This notation has for instance previously been used to
simplify processes relevant in agile scrum settings in the form simple stages ¢Beblkam
Akbaret al, 2014, p. 197)

1 A Write Story Phase
1 A Write Code Phase

1 An Integration Test Phase.

25 Write Story Phase
Y Define Vision Activity
%) Write User Story Activity
£5 Write Code Phase
- &Y Implement Spike Activity
- Y Develop and Test Code Activity
3 Refactor Code Activity
3 Integration Test Phase
- 7 Integration Test Activity

Figure3.4: Agile Software Process Example (Akbar et al. 2014, fig. 1)

Models such as SPEM can be immensely useful to organisations bdwayéelp facilitate
harmonisation and standardisation throughout engineering project lifecycles which in turn
improves communication and harmony between project stakeholders. While this could
hypothetically contribute to improve working conditions and pugdly increase the chances

of yielding quality products, it is not without potential limitation or risks.

In effect, intrusive and imposed standardisation does not guarantee immediate full user
adoption. It also poses the risk of limiting flexibility ippssibly enforcing onsize fits all

solutions to very diverse environmefitgarmsen, Brinkkempet Oei 1994, p. 4)To address
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this potential pitfall of models, traditional engineering approaches to contextualise enterprise

specific contexts could provide some relevant inspiration.

3.2.2 Method Engineering
In IS research, Methodrgineering (ME) deals with all aspects related to the conceptualisation,
development and customisation of new tools which support methods and techniques required

for running adaptive software proje¢Brinkkemper 1996, p. 276)

When addressing limitations and efficiency in the running of engineenithga®ours, project

| eaders have understood that met hodol ogi es
realities(Ralyteet al. 2003, sec. 1)Considering this, method engineering emerged to suggest
that teams initiate projects by leveraging components of existing methodologies as a
foundation. In Method Engineering, these components are lalbsieethod fragmentshich

are meant to be adapted to meet specific needs and assist in deriving, designing novel

methodologies or approach@ossentin& Seidita 2005, p. 1)

Regarding software process improvement (SPI), Method Engineering has been shown to be
useful when agile only focusses on the methodological aspects of projects. Previous research
has for irstance suggested that whereas agile methods typically mostly allows flexibility in
regards to methodology, method engineering can be pertinent enabler to SPlI when one
leverages other metaodels such as the Open Process FrameWdéendersorSellers &

Serour 2005, p. 2)

To facilitate method engineering support in engineering teams, previous research has for
example suggested SPEM inspired frameworks to combine method design, configuration as
well as implementation for eelter customization of software project executioprveraet al.

2011, p. 141)

Nonetheless, some studies have advanced that agile approaches are not necessarily
incompatible with method engineering principles in the sense where they revolve around a core
lean value which is to emphasisee tadoption of only what one requires from a given
methodology(Highsmith in Fitzgerald, Hartne& Conboy 2006, p. 199PDrawing fromthis
customizable aspect of ME, one could apply the same approach to attempt the tailoring of agile

practices in organisational settings.
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3.2.3 Tailoring agile processes

While organisations can find solace in implementing industry tried and tested methodologies
and approaches to their engineering projects, teams running these projects additionally require
flexibility in adapting plans and methods on the(#arlsson& Wistrand 2006, p. 83Even

prior to the democratisation of agile practices, studies have shown that avoiding dogmatic
approaches to engineering methodologies can yield remarkable results at the end of the day for
flexible organisationgHead 1994, p. 50)or software engineering teams aiming to deliver

high quality products, the challenge of finding the best approach to their engineering processes
i's even more daunti ng b ealtmate magit soletioreto shtsfg s n 6 t
all needs in any random setti(@shrafi 2003, p. 679)

Consequently, previous research has suggested that firms need to actively look at fitting

development processes, including novel agile approaches to their specifi¢Aldsai=t al.

2014, para. 1)Iit has for instance been shown that by having tailored processes specific to their

environments, software engineering teams can reduce IT risks, stabilize projects lifecycles and

ultimately facilitate the delivery of quality softwareoducts {bid. 2014).

As previously stated, some empirical studies have highlighted practical reasons for the need to
tailor agile practices to organisation specific needs. For example, in a 2006 European study
conducted at I nt el ®wisionh,ntfwasaolserved that the ceganBationc e s s «
had opted to blend aspects of both Extreme Programming and Scrum as opposed to adopting a
rigid implementation of either one of these agile approaffiezgeratl, Hartnett& Conboy

2006, p. 201)This was in part motivated by the fact that some XP practices were deemed

superfluous to the organisational context if one considers for instanciéitia?Q06):

1 The planning gamis better suitedor Scrumsettings.

1 Continuous Integration is not simple to implement aad in certain cases
require complex software suites from external vendors

1 There is an inherent difficulty in imposing working hours in multinationals
which employ workers who collaborate in diffeteime zones. This is
especially problematic for large enterprises but can affect smaller organisations
which outsource some of their engineering value chain offshore.

1 Itis also very difficult to implement some agile precepts such as the constant

involvement of end users as in a large organisation such as Intel, it can appear
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nonsensicato have customers on site when during early conceptual stages,

hardly anything is formally defined in typical agile settings.

During the 2006 study mentioned above, anuea key finding for delivering quality end
that the di
that leadership carefully considered all practices and only eliminated the ones which were

products was organisation dnot si
deemed impracticabtimplement in a restrictive mann@itzgerald, Hartne& Conboy 2006,

p. 206) What researchers seemingly observed to be an underlying success factor at Intel was
that leadership opted to leverage Scrum d&hdreme Programming practices for the
organisational macro level, but then focused on customising these practices on a micro level

for individual projectsipid. 2006).

More recently, some case studies have attempted to find practical adaptable appimache
implementing agile methodologies and processes. Some of this research has even produced
certain guidelines for the tailoring of agile processes as described in3tab{&olland,
Mikkelsen, & Naess isvorstgl 2017, p. 20)

Table3-7: Proposed guidelines for tailored agile as described Bplland, Mikkelsen, & Naess
in Helen& Tracy 2016, p. 250)

Team  Coordination | Encouragement of novell Adapt the project | Adjust sprints
Improvement practices to disruptive | content

changes
This guideline sugges| This guideline consider It could also bg This guideline

organisations attempt { that in order to bette the

the

suggested encourages teams

facilitate customize agile precepts | projects teamy carefully consider thq

establishment of domai at  which

specific communities o
practices on one side af

on the other to forn

large organisations, proje
members need to focus (
tweaking and implemente

practices which blend bot

cater for a ramping
up period which
enables syster

users to familiarize

velocity
information is
delivered to systen

users as well as it

shorter lived crosy technical aspects as well | themselves  with pertinene. The
functional teams to fulfi| the functional| novel processes i objective is to nol
organisational needs. | interdependencies whig their day to dayl overwhelm the en(

govern he lifecycle of the

software  products an

artefacts being built.

interactions with ¢
new software suite

Delivery

users and allow fo
reasonable

expectations in term
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leadership needs i of ramping up
these cases to plcust omer s 0
an emphasis o| know-how.

quality training for

customers.

Through the discussion above, this chapter aimed to present approaches to customize agile
engineering practicas modern software projects. In current times, such endeavours are better
enhanced with the utilisation of related technology tool set to support the execution of agile
projects. Subsequently, as the case study component conducted for this reseaechat das
small South African technology starp, the next section of this thesis proceeds to introduce

enabling technologies for agile settings by first contextualising the local scene.
3.3 Disruptive agile technological realities

3.3.1 Understanding the role of te chnology in the South African SMME context

On the international stage, empirical evidence tends to indicate that small, micro , and medium
sized enterprises (SMMES) are key in the battle against unemploy@hen2016, p. 1) For
example, the International Telecommunications Union estimates that these enterprises globally
contribute up to 70% of GDP tamates (bid. 2016). Furthermore, many African studies have
also advanced a correlation between the positive performance of SMMEs and accelerated
economic growti{Okpara& Wynn 2007, para. 2)n Nigeria for example, despite the high
levels of poverty, small to medium sized entities provide more than seventy tenpét5%)
employmeniKumalo & Poll 2015, p. 140)Other studies have even suggested that SMESs in
Nigeria account for morhan 80% of the local workford®woseni& Twinomurinzi 2018, p.

1).

More contemporary local research h&sashown that while SMMEs are dynamic players in

most modern industrial nations, this is even more accurate emerging economies such as South
Africa (Kumalo& Poll 2015, p. 140)As the importance of larger enterprises is vital in ensuring
technology infrastructure and ecosystems are viable, SMMEs if afforded the opportunity to
operate in enabling environments, can contriltatéead in terms of innovation and market
transformation§DTPS 2018, p. 20)To date, academia consensus therefore seems to point

towards SMMEs being agert$ economic dynamism and growth.
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In South Africa, the National Small Business Act distinguishes enterprises according to their
sector of activity and further uses differen
si z@DBm® 2014, p. 12)Although these categorisations are formally described in the Act,

the denomination for these categories are used inconsistently by state agencies, local sector
databases and academia itsddfd, 2014). Figure3.5 describes these categgations in the

South African context:

Category of SMME Description

Micro enterprisas Between ane fo five employees, usually the owner and family.
Informal - no license, formal business premises, labour legislation
Turnover below the VAT registration level of R300 000 per year,
Basic business skills and training

Potential to make the transition to a viable formal small business,

Very small enterprise Part of the farmal economy, use technology
255 than 10 paid employees

Include self-employed artisans (electricians, plumbers) and professionals,

Small enterprise 253 than 100 employess

Mare established than very small enterprizes, formal and registered, fixed
busingss premises,

Owner managad, but more complex management structure

Megium enterprise Up to 200 employses

Still mainly owner managad, but decentralised management structure
with division of labour

Operates from fixed premises with all formal requirements,

Figure3.5: South Africa SMME categorisation

From a macroeconomic perspective, indicators have traditionally highlighted the importance
of SMMEs on the local econom$tudies have for instance shown that a majority of formal

South African business entities could be categorised in the small to medium enterprises
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category(Robert in Kumalo& Poll 2015, p. 140)Moreover, this kind of enterprises were
estimated to contribute up to 57% to the local Gross Domestic pralidc2015)

Recent reports describe an environment where SMMEs contribute more than forty percent
(40%) to the national Gross Domestic ProdBER, 2016, sec. Executive Summaryable

3-8 broadly summarizekey indicators of the South African SMME environment:

Table3-8: SA SMMEs figures (BER 2016 Fptecutive Summary)

CHARACTERISTICS 2015, 2° QUARTER
SMMEs identified total 2251821

Formal SMMEs total 667433

Informal SMMEs total 1497 860

Portion of SMMEs owners in the context of| 14%

local employment figures

Trade and accommodation SMMEs 43%
Community services SMMEs 14%
Construction sector SMMESs 13%

Financial and business services SMMES | 12%

GDP cortribution 42%

Previously di sadval34%

ownership portion

Portion operated with less than R3000( 7%

annually
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In the SouthAfrican context, technology is facilitating the ability for SMMEs to compete on
the global scen@Oxford 2015, para. 1)t provides local organisations exposure to the global
marketplacglowers the barriers to entry while significantly cutting costs and thus allowing
business leaders to evolve their offering fromasgtual stages to effective market delivery
(ibid. 2015). Ultimately, the adoption of ICTs by small and medium enterprises constitutes a

promising dimension of ubiquitous growi@umbi& Mnkandla 2015, p. 2)

Oxford (2015) <cites Internet Solutionbés pro
AS mal | businesses are seeking ent.@hisptatesfe cl a
affairs has led business ownerekpect better customizable enterpteseel solutions to boost

growth (Oxford 2015, par@). One could Il ink the assertion
projected spending increase on enterprise grade softwakect, this presents an opportunity

for technology firms and organisations to propose innovative, tailored quality software
solutions. This is especially true for SMMEs in general and the technologygssspecialized

in delivering software proda@nd services to market. The next section hence proceeds to a

discussion on the local software industry in terms of the-gpaenvironment.

3.3.2 Micro -economic perspective
A survey on Sout-bp etobystent maovided theofollawing leey iassyht
(Ventureburn 2015)

1 Approximatively eightyeight percent&8%) of startups haveive
empl oyees or fewer. This fits wit
study which focuses on starps which fit the SMME categorisation

1 Almost thirty-eight percent38%) of stadups have no employees
and comprise of just the foder.

1 Most tech startips operate in the computer and software services
niche.

1 Most founders of these organisations tend to be software engineers
or have some sort of technical background.

1 About forty-nine percen{49%) percent of startips are run from
homes and garagesyenty-three percent23%) are run from rented
offices. Most companies operate in this manner because of an

underlying need to bootstrap as well as cut costs.
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1 Only seventeermercent {7%) of startups surveyed indicated that

they were profable.

These key identifiers of South African staps are not showstoppers to their growth. In

practice, these businesses can be competitive locally and abroad.

Globally, the second quarter of 2016 for instance postedoxemyear and quartepver
quater growth of 4.2% within the various technology sdetor{PWC 2016b, sec. Executive
Summary) In the third quarter of 2016, the projectionsluded(PWC 2016c, sec. Executive

Summary)

1 More than TwentyFour per cent (24.2%) growth for the Internet Market.
1 Increased growth for Software products¢a).

1 Increased growth for Software services (7.5%).

These international growth figures present South African techugiagpecializing in software
delivery with a huge opportunity to service the global andSafftaran markets. Additionally,
the local bumess demographics of stanps seem to be mostly occupied by firms operating in

the computer and software services sector (Ventureburn 2015).
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Figure3.6: Technology starup activity sectors (Ventureburn@15)

Al t hough anterior to PWCO6s 3aseenetecshowahatshe a t
l i onds s har eupervirohnterst is Hommmated bysotganisations which operate in
the software services sector. Nonetheless, SMMEs in generatamdps specifically face

two key challenges in South Africa (Ventureburn 2015). These include:

1. A lack of funding opportunitie€ndeavours for the financing of Small Medium and
Micro Enterprises (SMMES) are often timid. This is because failure ratesiexped
amongst startips in South Africa is alarming. In effect, around 56% of stp# are
seltfunded from the start (Ventureburn 2015). Not having access to venture capital
funding opportunities is an obvious obstacle to innovation on the locakseftmarket,
and hence hampers the industry potential for greatness in many instances.

2. Alack of revenue, thus lack of marketidMpst startups are bootstrapping and cannot

afford traditional forms of marketing (Ventureburn 2015).
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Furthermore, although fancial constraints tend to limit the adoption of modern expensive
technology implementations, cloud technology has given smaller firms access to technology
with enterprise level capability without the traditional complexity and incurred (Osferd

2015, para. 3)In this light, Chaptefhreenow proceeds to a conversation on the technological
means local firms have at their disposal to conduct their activities in a cheaper, leaner and

disruptive manner.

3.3.3 The emergence of cloud computing
Cloud services can be described as the delivery of IT resources such as computing nodes,
databases, proprietary software access, infrastructure etc. through the internet and often

charged through a pygaid model.

In moderntimes, the Cloud space has evolved from its experimental beginnings to provide
enterprises with a platform for real business value. In effect, while organisations worldwide
have understood the importance of heavy investments in Digital transformatiovamdea

Cloud based services have emerged as a paramount foundation to achieve this expected
evolution(EMA 2018, p. ).

Cloud technology presents a paradigm shift for large, small and medium sized enterprises alike
as it facilitates the operations and rendering of services for organisations tackling dealing with
IT assets and increased resourcing c@diisde & Van Belle in Gumb& Mnkandla 2015, p.

1). This new computinglternative has improved the way in which application are being
developed by engineers around the world. Furthermore, it has enabled organisations to
streamline their development lifecycles, improved productivity in engineering teams while

fostering and nuring collaboration between stakehold@vikckenzie, Tee& Denman 2013,
p. 2)

In terms of the South African industry more specifically, cloud computing is often understood
as a paradigm which conveniently facilitatke bn demand provisioning of computing and
networking assets without requiring ostensible participation from service pro{itibos et

al. in Gumbi& Mnkandla 2015, p. 5)

The maturity of enterprise grade cloud technology has resulted in the democratization of cloud
services procurement. In practice, purchasing servicesdiaum providers instead of buying
cumbersome hardware and software stacks tensatfage is an attractive proposition for most
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businesses. This has led to IT leaders increasingly leaning towards the adoption of cloud
strategies as they enaljfeox, Shields Pang 2012, p. 3)

1 The acceleration of time to market for organisations aiming to keep ahead of
competitors.

1 The ability to use a cheaper Pay as you go model.

1 Replacement of capital investmis by operating expenses.

1 Scalability of resources according to usage requirements.

1 The ability to free up operation resources and staff by utilizing vendor support.

From a senior management perspective, the cloud model is also understood to be mature

erough to present real opportunities for organisation who embrace it. Thus, businesses which

adopt an explicit cloud strategy integrate cloud services and facilitate business stakeholders

involvement in a structured manr(#&fillatore-Silva 2012, p.3)

From a local stastip standpoint, research has shown that ICT in general and the cloud in
particular gives early adopters the edge regardiesiseir location in emerging or industrial
economiegOxford 2015, para. 5As such, software developers have a large array of options
in terms of software architectures they can implement which wiluppated on innovative,

flexible and cutting edge cloud platforftdomann& Mckenty 2018, p. 3)

This leaves local software engineering organisations with the realization that the ball is in their
court, and that with the emergence of cloud technologies, the sky is the limit when it comes to

disrupting local or international markets.

Modern agile software engineering teams have for many embraced the opportunity cloud
technology provides them. They nonetheless typically require five pillars to deliver innovative

solutions to market:

A reliable source code control system
Robust infrafructure
An agile project management framework

A continuous integration system for smooth DevOps

= =2 A2 A4 -

A communication system which facilitates meaningful and insigbtfilhboration

throughout team
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The next sections proceeddscussnodern disruptivéncarnations of these cornerstones for

agile teams.

3.3.4 Source Control in the Cloud: the case of Github.com

Software systems are built from source code which evolves throughout the development
lifecycle. Changes to the source files containing the code geftvgabuilt from have
historically presented challenges to engineering teams. Previous research has enumerated
problems software teams had to consider in this reg@Rodhkind 1975, p. 364)

1. The amount of storage required to store source files tends to increase depending on the
version of the code teams are working on. The space requirements can exceeaswhat
initially identified during infrastructure planning stages. Requirements that were hence
not initially considered have the potential of rendering infrastructure obsolete once
additional features are taken into account.

2. Fixes made to a specific versimf a module are in certain cases not properly
propagated to other versions. This can lead to inconsistencies during testing or the final
product delivery.

3. When changes occur, it can be challenging to determine exactly what changed when
and by which engieer.

4. When users encounter production problems, it is difficult to figure which version of the

software they are using when no proper versioning system is in place.

Ultimately, software engineering teams had to objectively assess their needs in terms of
archiving old versions of files and directories while having the capacity to examine logs about
changes to source files over tiff@ollins-Sussman, Fitzpatrick Pilato 2008, p. 13)This led

to the popularity of version control tools such as subversion as they facilitated collaboration
within software engineering teams. In practice, such tawbled engineers to collaborate with
colleagues on documents over a network and keep track of who made changes to code and
other documents during a projéittid. 2008. Version Control Systems (VCS) have naturally
improved and evolved over time. The mpedminent and contemporary incarnation of these

systems is GIT. The next section proceeds to an overview of this system.

GIT is a user favourite source control system as it gives users flexibility and strongly supports
agile development practicédustet al 2016, p. 401) It mainly differs from other version
control platforms by the way it conceptualises source code data. While previous approaches to
source control have traditionally focused on souotke@s a set of files updated overtime, GIT
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based system considers data as minimized snapshots of a reduced fild Gipsieoms. Straub
2014 p. 13)

GIT provides engineeringgms the opportunity to increase agility because it proyidies
2016:

1 An intuitive and simple branching mechanisnGIT systems allow users to easily
create remote and local branches to ensure work isolation and the ability to merge at a
later stage. fiis facilitates the parallelization of tasks and the ability of team members
to focus on their assigned features.

1 The ability to easily commit code and revert localyIT allows engineers the facility
of committing more often and creating private locatoee points. This can be deemed
as one of the most powerful advantages the system affords programmers.

1 Merge operations at fine level of granularitypevelopers are afforded the freedom of
accepting and rejecting individual changes as opposed to bathlesalows speedy

detection of defects and hence facilitates revert operations.

All these features of the GIT system provide organisations an immensely powerful source
control tool. This is made even more attractive to engineering teams if one corrsdpuadi
free open source cloud offerings which leverage this system. In this light, the next section

discusses such an offering in the form of GITHUB.com.

GitHub is a software codeosting web service which provides a web interface for the
management of [ systems. This service is considered to be the primary online work platform
for developers to host their own software source code and contribute to other open source
projects(Wu et al. 2014, p. 266)It also facilitates collaboration and foster agile practices in
software projec by offering social and project management capabilities to software teams
(Longo & Kelley 2015, p. 1) GitHub is basically a tool which enables every engineer the
possibility to either contribute on open source projects or within their organis@imhsrovic

2015, para. 3)Itis a highly respected collaboration platform which additionally id bgebig

corporates such as IBM, Netflix, Facebook, Google etc.

This platform provides local engineering teams with a huge boost in the sense where they can
afford to have a potentially infinite number of projects hosted in the cloud for them at no charge.
They can also leverage the social features of the platform to interact with other engineers who

can assist in collaborating on innovating solutions where interest is mutual. For organisations
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which deem certain projects too sensitive, code can be hospetvate repositories at a cost

but without losing any advantages of typical GIT based system.

After source code is built into a runnable artefact, it is still dependant in certain cases not only
on end user devices, but also on an underlying infrastaustack to run. Agile teams rely on

such infrastructure to host the backend services client interfaces interact with for services to be
rendered. In this light, the next section discusses the cloud infrastructure paradigm with an

i ntroduct i ocloudtsevicdsma z onod s

3.3.5 Infrastructure as a service in the cloud: the case of Amazon Web Services

With Infrastructure as a Service models, organisations are typically able to purchase on a per
usage basis for services which range from automation control, stoketgerking facilities

etc. which are all owned and managed by a service provider who takes ownership for the
underlying hardware hosting customer applicatigh@haballaet al. 2015, p. 24). Such
models usually provide customers fully customizable managed infrastructure to fulfil their
software execution needskampe 2011, p. 69)For businesses interested in harvesting this

powerful technology, Amazon Web Services (AWS) by Amazon is such an offering.

Amazon proposes managed infrastructure servicepadsof its AWS cloud computing
offering. One of the key benefits of this service is that it offers large enterprises angstart
alike the opportunity to replace dint capital infrastructure expenses with low variables that
scale in conjunction withusiness growth and increasing requirem@vitsia& Mathew 2017,

p. 1) Amazon supports a large array of cloud offerings which include Infrastructure, Platform
and Software as a Service. The provider also offers théydbilibusinesses to choose between
the hybrid, full cloud, or oipremise deployments strategies. Another benefit of using the
Amazon platform is that if offersfeee tierfor 12 months where businesses can leverage AWS
selected services at no charge.sThE attractive for small businesses with low compute
requirements who just need to get their products of the ground or simply require lab

environments to test their new technologies before delivery to markets.

3.3.6 Managing agile projects in the cloud: thecasA T &£ ! Ol AOGOEAT 80 *) 2!
Agile software engineering teams perform development in an iterative and incremental manner
This methodology is used by modern organisatiersause useequirementsre not static,

and teams need to adapt to this reality. To dffelst take advantage of the most recent
approaches of running software projects, project managers are increasingly required to be

comfortable with Agile Project Management. This way of managing modern software projects
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provides project managers with metbamhies and tools which will help them tackle
difficulties related to mass evolutions in terms of technologies and ever changing customer
needgOthmanet al.2010, p. 102)

In terms of planning tools in agile oriented settings, Atlassian is an Australian cloud tooling
service provider which is today considered a world leader in itch@on offering including
widely adopted JIRA agile project managing service. Figuted e scr i bes Gartner

qguadrant for enterprise agile planning tools:

Atlassian
@ @ Microsoft
.CA Technologies
@ CollabNet
IBM o
Planview @ @ Targetprocess @ AgheCutt
Micro Focus @
Inflectra @
[NE]
—
>
. Blueprint @
(NN )
o
=
-
=
—I
==
=T
COMPLETENESS OF VISION As of April 2018 © Gartner, Inc

Figure3.7: Magic Quadrant for Enterprise Alg Planning ToolgMann, Murphy& West 2018,

fig. 1)

As part of Atass andé agil e and DevOps related offeri
Bitbucket, Bamboo, Confluence and HipChat etc. JIRA is an open source collaboration

platform for agile teams which facilitates agile implementations in organisations.

The system offera cloud web interface where users can capture project issues and track them.
Throughout the evolution of the platform, new features have been provided where scrum

masters and engineers are able to capture user stories, track tasks progress on a Kdnban boa
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etc. JIRA also offers a task board view, a planning board and many(Sakan, Ahmad
Bakar 2011, p. 408)Figure 3.8 shows a Kanban board screenshot one would find on the

interface:

@ Infrastructrure Architectur... Kanban ._ d e
IAC Kanban Board » Use Quick Fitrs fo view a subsed of
IR R issues. Add more in the board
(] Kanban board selings
B Releases 370 Do 2 In Progress 6 Done @ Infrastructrure Architecture Consolidation | see ¥
; IAC-11

UUU Reports . IAC-5 Enable CI for GaniEvent Builds in Jenk . ) -

Create a Slack hook for ganintegrate BiBucket Private Repo Invesigation (el Environment WE JEE docker environment
LD: lssues build to the devOps channel Migrae to Jenkins2 prod server and Creation @ Working locally
¢3 Components Q1w ‘:‘3'9?' ER m.“.ﬂa Qe Hed 0 = Details

o Status: QOT) (View workflow)

AR Move Readme code ‘ Canfim YES/NO if private repos can 0 - B
+  Addshortcut InfrastructureScripiting tools to right Jenkins hook for gani event be created for GaniOrg on bitbucket, Priority 1 High

branch management provide timelines as when this can Y Component/s: None

" yran o cs @ Ar 1 Labels None
{é} Project settings gt AC-10 f 0+ jAG2 g

[  Affects Version's: None
Get Environment WF JEE docker Enable Cl for GaniEvent Builds in n Fix Version/s None
environment working locally Jenkins in Dev Environment Y EpieLink None
tom tac-11 ) R nes )
- - People
Create GanizaniBitBucket Org Reporter lﬂ Kader
01 e prga Assignee: gAhdou\
Assign to me

Figure3.8 JIRA Kanban board view

To simplify workflow for agile teams which prefer traditional scrum approaches to managing
their projects, JIRA encourages collaboration between stakeholders during sprint planning and

execution:
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Figure3.9 Simplified JIRA Scrums (Atlassian 2015, p. 5)

JIRA additionally offers integration to other agile facilitating tool such as GITHUB mentioned
above. Administrators can for example link tickets on a boasduecce code repository issues

and can hence track physical code progress and updates to the version control system.

3.3.7 Agile continuous integration: the case of Jenkins

The Time to Market of an innovative software product has an immense impact on thedikeliho

of its survival in current markets. This is most true when one considers new technologies which
need to be delivered to consumers with shorter than average attention tsnkesiencurrent
knowledge economy, what really differentiates the produadti®nly quality in itself, but also

the speed at which it can evol(&rmenise 2015, para. 1)

Continuous Integration (Cldan beused as a complement Test Driven Developmentt
typically involves engineers successfully performing unit tests execltically before
committing code to upstream repositoriearthermore, in Cl environmenta,serveris used

to not only execute uniests, but also build and ship source code artefacts to intended.targets

Jenkins is an Open Source CI platform which facilitates the automation of code builds as well
as unit and integration testing. The application is an open source java platfaimpndides
customization and extensibility by leveraging a plugin extension archité¢étumenise 2015,

p. 24) Figure3.10illustrates the Jenkins user entace as well as console verbose from a

successful build:
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.
@ Jenkins
Jenkins GanilntegrateJob #78

# Back to Project

0, Stas (J Console Output

= Changes

Started by user Jordy Mugeni

Building in workspace /var/lib/jenkins/jobs/GaniIntegratelob/workspace

~ View as plain text > git rev-parse --is-inside-work-tree # timeout=10

Fetching changes from the remote Git repository

> git config remote.origin.url https://github.com/Ganizani/gani-integrate # timeout=10
@ Delete Build Fetching upstream changes from https://github.com/Ganizani/gani-integrate

Q Deploy Now

B Console Output

2 Edit Build Information

> git --version # timeout=18
using .gitcredentials to set credentials

‘} Git Build Data > git config --local credential.helper store --file=/tmp/git7444153333935768103.credentials # timeout=10
u No Tags > git -c core.askpass=true fetch --tags --progress https://github.com/Ganizani/gani-integrate +refs/heads/*:refs/remotes/origin/*
- > git config --local --remove-section credential # timeout=10
& Previous Build 5> git rev-parse origin/master®{commit} # timeout=10
Next Bulld Checking out Revision 4cd293947d2@daeB9bal5d6@36ccfeadlel4559b (origin/master)
»

> git config core.sparsecheckout # timeout=10

> git checkout -f 4cd293947d28dae89bal5ded3bccfeadleldss9b

> git rev-list 8dd20be7a8c8@15171433Fad34d215eb8b4849 # timeout=10

SSH: Connecting from host [ip-172-31-35-49]

SSH: Connecting with configuration [GaniIntegrateRuntimeServer] ...

SSH: EXEC: STDOUT/STDERR from command [sudo rm /home/ec2-user/glassfishd/glassfish/domains/GanilntergrateBinaries/*. var] ...

SSH: EXEC: completed after 881 ms

SSH: Disconnecting configuration [GaniIntegrateRuntimeServer] ...

SSH: Transferred @ file(s)

[workspace] $ fusr/share/apache-maven/bin/mvn -s /var/lib/jenkins/.m2/repository/settings.xml -gs /var/lib/jenkins/.m2/repository/settings.xml c

[INFO] Scanning for projects...

[INFO]
111
[INFO] Building ganintegrate 1.8-SNAPSHOT

11
[INFO]

[INFO] --- maven-clean-plugin:2.5:clean (default-clean) @ ganintegrate ---
[INFO] Deleting /var/1ib/jenkins/jobs/GaniIntegrateJob/workspace/target

1]
[INFO] BUILD SUCCESS

[INFO] - oo oo
[INFO] Total time: ©.560 s

Figure3.10: Jenkins build verbose

This tool is attractive to agile teams because it can be run with a simple java Web Archive file
(WAR) or used a the various cloud platform offerings on market. Its intuitive easy to use
interface is another plus. Ultimately, it facilitates building CI pipelines at no charge and is

hence a game change for stapt with limited financial resources.

3.3.8 Agile enabling collaboration tools: ChatOps and the case of Slack

ChatOps facilitates communications between project team members by integrating their tools,
following established processes while enabling automated work{leegan 2016, para..l)

Agile teams have always been conversation driven, but ChatOps is best descitdbddyaat

age manifestation. The most appealing aspect of this new paradigm is its chat aspect. It
represents a new way to capture the collective knowledge of a team. This has resulted in a
revolution in the way agile teams collaborate and deliveniative products to marketplaces
worldwide (Regan 2016, p. 1)in the next paragraph, avautionary ChatOps product is
introduced: Slack.
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Slack is a tool which offers users a digital workplace for communication and collaboration in
an intuitive manner rarely seen. It provides a desktop client for most operating systems or can

simply be usedh standard JavaScript enabled wWabwser. Its most basic users are:

T A Team Owner.
1 Administrators.
1 Team Members.
1

Guests.

The way the system basically works is that a
for the management of these teams padorms the onboarding functions of members. One

of the reasons this tool is so attractive to agile software engineering teams is tchttiteds

information and mimics a publissubscribe model where projects or topics of interest are
organizedintdi Channel so0. A user i s hence free to se
has been subscribed to. Another key attract:i
JIRA system or even its Continuous Integration platform. The entire tes@tected members

can hence monitor new builds, deployments, tickets issued #imealFigure3.11illustrates

such a scenario in slack:
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jces
& devops-gani
% ; @@ Q
U LS N DIy VY=L N T U3 W0 LAie

As a user i should be able to import customers infos in a bulk so i do not enter Downloads
information manually

Assignee Creator
Jordy Mugeni Eric

Screen Shot 2017-06-06 at {

Jordy Mugeni changed Story WP-20 from "In Progress" to "Done" . N
ganisponsorshipapi.zip

As a user i should be able to manually capture an historical invoice for a customer

Assignee Creator

Jordy Mugens Jordy Mugen ganisponsorshipapi.zip

Jordy Mugeni changed Story WP-21 from "“In Progress" to "Done"

As a user i should be able to manually capture a rejected quote per customer

Creator ganisponsorshipapi.zip

Jordy Mugeni

Today 06. WLS 12¢ IS - Enterprise

Q’F doukson2002
All Use the Integration Maturity
w

Please bookmark https:/ganizani.atlassian.net/wiki/spaces/INFRADOCS

or ask your colleagues when u want to ask nodejs questions etc
thx

ey Jira

» Kader changed Story WP-7 from "To Do" to "Done"

Prepare mule integration environment
Assignee Creator
Kader Jordy Mugeni

w doukson2002
@jdmugeni look at last comment for more details on jira

Figure3.11: Slack interface reporting on JIRA ticket updates

3.4 Limitations to siloed usage of agile tools

As discussed earlier, software engineering teams have a multitude of options when it comes to
technology which facilitates the implementation an agile philosophy throughout their
organisations. In effect, recent steglihave shown that organisations require state of the art
enabling technologies to improve their decisions making processes and effectively run their
engineering project§Pospieszny 2017, p. 5From the Source control systems, through
infrastructure, project management and CI tools; the cloud offers endless oppartanéans

regardless of their financial means.

South African startips can leverage these technologies, but an issue remains. Despite the
ability to use all these tools and the reports as well as comprehensive data they provide; the
sheer amount of thisformation can be overwhelming. This can lead to information generated

being used in silos. In effect situations arise where the DevOps team could be tempted to only
look at CI reports, core development staff members only at GIT related data, scrum masters

only at JIRA tickets etc.
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Few dynamic stastips with only a couple of employees could argue that they embrace this
challenge or that such conundrums do not apply to them because they use only a small amount
of these tools. Others could argue that theyyardy tools such as JIRA to have a single view

of information. A counter argument to this point is that this would in fact defeat the purpose of
having unique functions available in specific products. The fact remains that source control,
infrastructure, DevOps and ChatOps are aspects of the knowledge economy software
organisations must deal with if they are to survive in these competitive times. Having identified
gaps and limitations in the silo usage of this technology, the current research therefeséssug
integrating the technological tools discussed during earlier sections into a comprehensive

framework in order to achieve:

1 The effective integration of agile technologies into a consolidated web portal
to aggregate disparate sources of informatiorthie running of software
projects.

1 The leveraging of this consolidated information for improving agile
(engineering and project management) processes in order to facilitate the

delivery of quality software.

3.5 Chapter Three summary
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4. CHAPTERFOUR RESEARCH METHODOLOGY

At the term of reviewing literature, researchers typically tonestablish an underpinning
theoretical frameworkSekaran 2003, p. 86)his entails conceptualizing a modespiredby
previous studiesa n d i nfor med b yownt perspectivewhiehahigldightss r 6 s
connectiondetween key concepts relevant to theearchproblem at endibid. 2013. The

aim of this exercisés to describehe scientific approaclsused to gather, aggregate, process

and interpret datduring research.

After a discussion on epistemologyet current chapter proceedsdescribet hi s st udyo
research methodology and various paradigms available to academics in the Information
Systems fieldSubsequent sectiond this thesigdiscuss hovand whya practical case study

was used to addrefise research objectivesssues related to data collections techniques and

research ethics are also addressed in throughout Clrayter

4.1 Background to epistemology
In the followingsection backgroundheory tothis study is presented he thesis then follows
up with adiscus#on onfoundational concepts of academic enquiriis includesaspects of

epistemologyas well as theinderpinningesearch paradigms

4.1.1 Epistemological considerations

Epistemology ypically refers to the theory of knowledge and how it has been acquired and
sustained the test of time. This theory of knowledge is used to conceptually detail the contents
of knowledge, its identified features and how it is applied in various cor{feescher 2003

p. 13) Epistemologyalsoillustrates how a researcher approaches his quest for knowledge
irrespectiveoft h e  sdeagrphiéas locatiarin academiathe epistmological orientation

of research has been observed to have a central influence ioguivg itself (Mwansa 2015,

p. 47)

When conducting research in s8hharan Africa, one cannot disregattie current
globalisation context.ocal researchers are oftmptedby thedifficult challenge of looking
at the issue of epistemology through an exclusively Afritens(Higgs 2010, p. 2114A
desire to mitigate theerceivediatent effects ottolonialism probablyplayed a part in this
situation,yet,one cannot ignore the impact of other cultural aspects such asnsmigsion

of knowledge through oral tradition for examgleid. 2010.
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In this thesis, the researcher opted to adopt a traditional epistemological perspetiizve as
dissemination of knowledgeas been foundmongst other factor® transcend culture and
civilizations (Hirschheim 1992, p. 14)This is partly why the currentchapter limits its
discussion to traditional doctrinéscluding positivismand interpretivismwhich were
considered tdit bestthe currentesearch objectivasr reasonso be enunciateflirther along

ChapterFour. In this vein, the next section proceeds to introduce positivism and interpretivism.

4.1.2 Discussion on positivism

Theresearch contexif western human sciencleas largelynfluenced traditionalriformation
Systemsacademia. When attgting to look at epistemology from a historical perspective.
four centralages ould be discussefHirschheim 1992, p. 14Table4-1 goeson to describa

historical synthesis of these phases.

Table4-1 Condensed history of western epistemology (Hirschheim, 1992)

16201888 The hegemony| This period where the bulk of intellectual discussion nexa
of positivism around theology is viewed in a negative light by many obser
The philosophy writings of figures such as Aristotle and Riagre
scarcely shared as most scientific questions where interprete
clerics as fostering doubts in the existence of God.

18441937 The emergence During this period men of science were alarmed by percei
of anti-positivism shortcomings of positivist approaches to epistemology.
highlighted the fact thaiio give weightto questions of knowledg
one could not affordotignore basics of human phenomena suc
meaningful experiencéuthors such as Kant emphasised the
that when human values were given too much promineng
academic works, the results of such enquiries could not be de
objective and contained mmany cases inaccuracies which left so

research devoid of any scientific credibility.

19191937: The return of | This period yielded some epistemology advancements in w
positivism today deemed as logical positivism. This approach which has gt
influenced contemporary wqré&imed to give rational explanatior]
to human realitylt informs the core of current hypothetieductive

styled research.
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19261980: The opposition| Logical positivism was criticised by 2@entury inellectuals who
of contemporary critics advanced that disregarding the history science could would

more accurate knowledge. In practice, it has been observeo
most scientific observations are in some shape or form informg
theoretical assumptions. In thisense,the asertions by logical
positivism that true science entails the dominion of dedu

reasoning and complete removal of human inductions was deg

In recent timesmanyresearchers have mostly adopted positivist angles when attempting to
validate formuhted theories. Thassumption®f studies conducted in such a manner is that
subjects being observed and the researdieuld perform their respective activities
independentlyGaaloul& Molnar 2014, p. 61)

The current research assumes a partly positivist view dpragical experimeationwhere

an information system is designed and implemented for usage at a South Africap.$tart

this expeimental part of the study, it is suggested that to reach the objectives identified in
ChapterOne, atechnologcal toolcouldbe implementetb complement existingystemsused

by project teamso facilitate the management of agilelated activities durip projects and
thuscontribute to the delivery ofuality software.The case study at GZ Consulting Services
will be used to validate or not the assumption formulated aloaditionally, a case study is
well suited for positivist frameworks if one actgphat scientific enquiry should be based on
what can be observed through the quest for empirical evid@mag 2013, p. 21)

For researchexerciss like the current onepreviousstudies have shown that qualitative
approaches aralsovery efficient This,as one needs to ensuhat results obtained during
experimerations such as the ones typically conducted during a case sardyinformed by
sufficient literaturgGaaloul& Molnar 2014, p. 61)In effect, for situatias where researchers
observe subjects, it is important to realise the impossibility of claiming any sort of absolute
objectivity. In suchscenarios, the researcher should not ignore the interpretative dimension of

scientificenquiry.

As such,becauseualitative methods are usually closely linked to interpretivisnthénext

sectionthe current chaptgroceedto discuss issues surrounding the interpretivist doctrine.
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4.1.3 Discussion on interpretivism

Interpretivistresearcherpropose that reality ia human social construct, and that as such, it
should not be taken at face valUdis philosophy considers thatigt not realistic to expect
absolute objectivity during the quest for knowledge. Interpretivism posits this notion because
when an investigator iatacts with subjects of hes hersstudy, all actors are intémfluenced,

and this can drastically change preconceived notions, perceptions, attitudes or even the manner
in which mundaneactivities are conducted(Walsham 1995, p. &J. Interpretivistpoint of

views advocate for more nuance in analysing phenomena. For insteacginterpretivist
academics believe that there is no direct bridge betwbsarvablesubjects and theorld

outside their cofines(Gray 2013, p. 22)As such, a researcher cannot use simple de@uctiv
reasoning to assign motives to subjects or causes to phenomena if he or she does not use an

interpretative lens to understand tubtletiesof knowledge gathered.

Mixed method researdhvolve integratingmultiple techniqus by blending instruments such
as surveys and experimemngth traditional interviewing and focus grouipteractions
(FoodRisC, 2016, para..Ihe present dissertah adopted these methods by conducéing
experimental case studyith development of an IS prototypas well as collecting data by

using an electronic survey, direct observatiandsemistructured interviews.

In the context of phemoenological inquiryit is often advised to use sample sizes which entalil
at minimumthreeparticipantgdDukes in Creswell, 1998, p. 12Forthecurrent studyinsight
from interviews withsix GZCS staff membersn electronic survepf ten participants to the
case studyas well aditerature reviewinformedthedata collection and analysis procésile
observationsf all operational activigs wereconductedtecording of interactions between one
project manager, one software engineer and one operations eng@eerecorded for

analysis.

Furthermore, even after implementation of a proposed information system prototype during the
case studyobservations of participants during thedry to day routinevas conductetb collect

data which watargelyqualitative in natureThiswas o0 capture subjectds
daily activities prior and post usitige proposed technologidalol. Analysing human gathered

data, especially that which was qualitative in nagtwas an additional factor in leveraging

interpretivist perspectives whetleemed appropriate
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4.2 Synopsis on positivism and interpretivism

Research objectives tend to determinectin@ce of epistemology to be adopted. For example,
positivism is mostly used in studies where emphasis is placed on thorough replicable
observations of phenomenon. In contrast, interpretative studieaaanéy usedto describe

how sucha phenomenon has @rged and appea$rauth& Erickson 2012, p. 3)

Information Systems studies explore the way organisations can be best beowugrh the
usage of softwarkuilt by engineers to improve day to day activities. Research in this field can
be of a quantitative or qualitative nature. Understanding this aspect of Information Systems
highlights why researchers may opt for different apphes to tackling their research questions

depending on the objectives they wish to achieve.

In practice, Information Systems researchers have identified two mlaElnsophical
approachesf as point of interests for most research in the field: posifpasadigms on one

hand and the constructivist and interpretative approaches on théMiamsa 2015, p48).

As mentioned earlier in the western history snapshot of epistemology, positivism has had a
central influence in academic research. It is even equated to science itself in that it advances a
certain absolutism in its conception of knowledgehe oly objective truth(De Villiers 2012a,

p. 223) Positivist researchers consider that academic enquiry should be conducted mainly with
guantitative measurde remove bias and ensure consistency. Advocates of positivism believe
that such studgshould be driven by clearly enunciated hypothesis and their results should

yield accurate scientific observations and predictions.

Interpretivism in terms of academic research places a bigger emphasis on the qualitative nature
of knowledge and strives tiind a deeper meaning in the underlying nature of the human
experience. This paradigm considers that reality can only be understood subjectively in terms
of human construction. Considering thist interpretive studiesuch as the current inquiry

which deal with human generated qualitative datae is compelledo take irio account the

fact that a researcher cannot ignore the social context of the phenomenon he or she is attempting
to study(Kroeze 2012, p. 47)

4.3 Hybrid IS research: blending interpretive and positivist/ engineering

perspectiv es
The Information Systems field of studigals withthe usage of Information Technology to

develop software systems. It also describes the contextual influences of environments as well
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as the interactions of organisations, groups and individuals wita HystemgSidorvaet al
2008, p. 479)

When positivist themed studies tend to adopt a single perspective on the essence of knowledge,
interpretivism considers that research must be conducted by considering that there is a
multitude of explanaties to phenomenorn terms of Information Systems research, the
interpretivist paradigm accepts that researchers and study subjects should interact and hence
influence each other to arrive at a more complete understanding and effectively meaningful
knowledye (Kroeze 2012, p. 48).

The current researduggests practicalagile orientedlevelopmenlkensfor deliveringquality
software A key aspect to consider for this was to ensure that research results would be generic
enough to be replicatedndthatthey would additionally be applicable to the South African
contextmore specifically An interpretative approach was hence adopted to featére local
contextual industry realities African stamps must deal with. Choosing the interpretative
paradigm endbd the researchéo consider hi®wn perspective and experiences in terms of
softwarequality delivery cultureHaving adopted a predominantly interpretative postulate,

additional consideratiorstill had to beconsidered

This research opted to also@ator apositivistengineering point of view. This is because in

many cases, some IS studies have been observed to require a triangulation of methodologies
,epistemological approaches well asdata gathering strategies to cover a broad enough
spectrum 6 pertinent knowledge aregBe Villiers 2012b, p. 239)When the current study

p r o p o Bracscalagileforiented framewortk, it i s considered that
gain insight by being informed by a technological tool developpeatittess some of the

enunciated research propositions in Chapter One.

In the subsequent sectiorGhapterFour proceeds to further discuss the reseapproach

methodology utilised throughout this study.

4.4 Qualitative approach to Information Systems Research

Qualitative research enquiry processes are typically used to explore issues dealing with human
or social problems within a certain conteRbnsequently, qualitative approaches usually put

a special emphasis on the philosophical perspectives and asswsgitibe researcher while
taking irto account the viewpoints of subjects being studied in the context of academic inquiry
(Vaismoradi, Turunei& Bondas 2013, p. 399)his is one of the central reasons why readers
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need toconsiderresearcher bias if theyeato understad how certain conclusions come to be

in a qualitative study context.

A common motivation for usingualitative methods is thiact that omplex phenomenon
exploration presents challenges when researcbptsto exclusively adopt quantitative
measuring tols. Thisis most evidentvherepropositionsare set at an intersection between

technica) nontechnical, and project management iss(iPyba etal. 2011, p. 426)

Additionally, qualitative approaches provide a large array of naturalistic and-meibhod
toolset to tackle research questighkra et al 2012, p. 224)This toolset of available options
includesconducting direct obseniahs of subjects, interviewsf research participantsase
studiedto gain practical insighthematic analysis of text material gfibid. 2012). Qualitative
researchers aadso attracted by this methodology as they consider it to facilitate more realistic
analysis of data itemsnd hence help improve understandiofy organisational settings,

processes and real world scenafidkbar et al.2014, sec. 2)

More often than notqualitativestudies aim to achievan understanding of events by building
holistic pictures and report detailed views of subjects in their natural operational §biting
2012.

In the context onformation Systems research, qualitastadies tentb formulatehypotheses
informed by sound theory whileonsiderig at the same time the various complexity
dimensions a research problem may infauch research helps IS scholars understand what
goes on in real world settings by facilitating the observation of interactions between
information systems, processes gredple (Jabar et al. in Ors& Rothermel 2014, p. 50)
Additionally, a key interest in adopting qualitative lenses when conducting IS research is the
capacity to observe the effects of mesis and organizational change by information systems
(ibid. 2014).

It seemspertinent to highlighafewc or ner st ones which i nfor med

approach:

1 A qualitative research perspective facilitates the observation of Information
Systems effectand impacin organizations.

1 Qualitative research findings are scientific enough that they can ewgiidesl
as the departure point of rigorous quantitative stufides Villiers 2012b, p.
239)
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1 Qualitativeand quantitative methods are not always antithktis for instance
at times necessary to use data collection techniques acceptable in both

guantitativeand qualitative studies.

To adhere to the rigorous scientific standards required in any serious IS research thesis, a sound
theoretical foundation isssential. In the next sectioAgtivity theory which was the guiding

theoretical framework of this research is discussed.
4.5 Theoretical Foundation

4.5.1 A brief introduction to  Activity theory
The works of Vygotsky and Leontiev in the early 1920s contributed dcethergence of
Activity Theory (AT) as a lens to facilitaténe exploration of phenomena while improving the

understanding of human activifilasan& Kazlauskas 2014, p. 9)

At inception, Activity Theoryambitioned to enhance thstudy of individual beingsthe
societies and groups within which they operate to better grhapdrives them and why it is
they do the things they do in their everyday sett{iggptelinin& Nardi 2007, p. 31)

It was hence used in soci@liesnces in general amsychologyspecificallyto help researchers

furthertheir insight on human behavioursocial environments.

By focussing orpedagogicapracticesn thecontext ofdevelopmental psychologgheoretical
works around ATwere oftenaimed at improving thekills potentialdormant in individuals
interactingthrough mediating tools within an activity syste(@aroll, Bertelsen% Bgdker
2003, p. 11)

Initially grounded in the field of human psycholodjyis theoryhas also been used ather
fields including ethnography humancomputer interactioninformation systemsesearch,

communications, education e{Karanasios, isla & Simeonova 2017, p. 1)

AT canbe described as a conceptual framework whiclemgredaround the concept of human
activity and emphasiseshe precedence of human actions over cognitive mdetadsan&
Kazlauskas 2014, p. 9 recenttimes researclrs have usethe Activity Theory asa design
tool as well as qualitative analytical framework in emerging fields such as Service Design
instancgZahedi, Tessie& Hawey 2017, sec. 2.1)

111



Mucho f Act i vi ty canhlsoberfourdin Infarmpaiicn &ystems research and the
software engineering fieldThis is because it proposes attractive framework in these
disciplines asy enablingthe exploration of mediatioim organisationshroughthe usage of
computing technologies which are obsaho facilitate human activiiBaumer& Tomlinson
2011, p. 134)

Table4-2 serves asn overview otraditionally discussed themagen studyinghe Activity
Theory(Hardman 2005, p. 380)

Table 4-2: Activity Theory key notions as drawn from Russell (2002) & Cole (1996) in
Hardman (2005)

HUMAN ACTIVITY This is the studyof human activities as set

collective individual actions. In Activity Theor,
studies, research® consider that individusl
only seemingly act in an isolated context. Ratl
it is observed thatvariables suchas group
interactions, social and histoaiccontext all have

an influence on individual actions.

TOOLS This theme discusses the instruments wi
mediate human activities and impact th

behaviour.

CONTEXT This theme discusses how despite relative le
of agency, human behaviour is hugelfuienced
by the tools that are imposed upon them and

constrain the limits of their actions.

Understanding th€ontextdimension of inquirys important because in activityeorybased
studies, emphasis placed on the explanatamgture of phenonma Consequentlyesearchers
who ground studies in Adre encourageih give ample space to interpretat{@fardman 2005
p. 281)

Activity theorycouldhencebe deemednice fit foraninterpretativestudysuch as the current

one as it hasproven itself very useful for interpretivist researcheonductingsimilar
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gualitative inquiries. Irpractice, suclstudiesrequire a clear grasp dbw culturalas well as
environmeral factors influence the execution and management of proceasés their
supportingtools (JoshuaNehemiah& Ernest2015, p. 267)AT frameworks also put a huge
emphasis on the importance ohderstandinga s u b j e c t 0 ss anthobjectivesit i o n
organisational settingsb{d. 2015).Furthermoreijt has also been demonstrated taubefully

asa broad theoretical framework a variety oftechnology oriented studi€&aptelinin &

Nardi 2007, p. 97)

Activity theory researchers describe an entire wawkonas the main uniof analysiswhere
anobjectas well as thesubjectandtool are used as analytical componefi{ashim& Jones
2007, p. 5) In such activitysystembasedstudies:

The termsubjectdescribes the individual observed.
Objectrefers to the aim(s), end goal(s) asigectives).
The concept ofool depictsmediating artefas which enable the execution of

tasks by subjects

Recent expansions to thaditionalactivity theoryframeworkhave been advancdeigure4.1

il lustrates Engestromds expended activity

Community

Figure4.1: Activity theory model(Gedera& Williams 208)
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Groundedin Vygot skyds initial model , Buleg whsch r o m |
encompass the conditions which influence human behaviour through social conditioning
(Hashimé& Jones 2007, p. 5Another unit of analysiaddedin this activity theory model is

the division of labourwhich describes the distribution of tas&mongst members of what is
identified as theommunity(ibid. 2007) The following section discusses Activiljneory in

the context of academic reseawtth the aim of eventually describing how it was applied to

this studybs.research objective

4.5.2 Activity theory in research
Research projects underpinned by an activity theory Emgpose at leasthree key

methodological requirementslasan& Kazlauskas 2014. 12)

1 The identification of the main activities to be observed in conjunctionesith
activityds subject, object and out come
1 The identification of actions which constitute these activities
and their mediating tools.

1 The description of interactiometween and throughout the identified activities.

In this light, research which aims to conceptualise an activity system needs to observe and
describe details of worker interactions, mediating tools and equipment used to execute
activities, the governingules of the work context as well as the ultimate outcomes expected
from the communityEngestrom in Hashi& Jones 2007, p. 6Lonsidering all the abovihe

next sectiorproceedso describe how Activity theory underpinned this thesis.

4.5.3 Applying an Activity theory lenses in the current study

Predicatedoy an Activity Theory angtical framework, previous studies have described IS
projects as a sum obllective work activitiegKekwaletswe& Gaoussou 2012, p. 61) terms

of software engineering research, Activity Theory hasn successfully applied befof@ne
such stugl was conductedt an Americarsoftware delivery grougvhere activity theory was
used to identify software engineering as the central activityyutmmeexpectedvith regards

to the activity system was high quality software which is as free from bugs as pd3eble
Souza& Redmiles 2003para. 6) Additionally, theobjectwas identified as the end system
being built (identified asviVP Softwarein the study) and theommunitydescribed as the
engineering teankigure4.2d escr i bes how Engestr omo ibichodel w
2003):
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Artefacts (CM tools,

Mediating Artefacts bug tracking, e-mail)

Subject Object — Qutcome Subject Object (MVP software)
(developers) — Outcome (MVP SW
ithout bugs, etc)

Rules Community Division of lubour | Rules Community Division  of  Labour
(MVP teant) (developers and V&V

staff)

(software process,
conventions)

Activity Theory Model as

described by Engestrom Activity Theory framework applied in a

software engineering setting

Figure4.2:! LILX AOF GA2Y 2F 9y3ISadiNRYQad SyKFIyOSR Y2R
Other studies have opted to apply Activity Theory in more traditional IS grounded themes.
Inspired by research conducted in the educational field, local researchers have for instance
implemented activity theory framed models on Learning Management Systdvifs) (L
adoption at a large South African parasté@&@doussou & Kekwaletswe in ladis 20p2 282)

This study identifiedinstruction and Learning as the central activities and a Learning
Management system as the technology mediating itoidl. 012).Figure4.3 presents more

detailsonthe t udy 6s proposed activity theory inspi
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employees. Also includes, employees transfer and Skills tralzmg '; .
completing tasks,submit tests, and Improvement ;O” uctel AL
review feedback and these N
acquire, transfer
\ i and share
D——] knowledge

Figure4.3: LMS activitytheory-basedmodel as described by Gaoussou & Kekwaletswe in
IADIS 2012.

The Activity theory modelis attractive to researcheirs the IS field as it facilitates studies
which cover a maximum amount of alternative contexts in terms of ubiquitous computing
analysis(Achour et al. in ladis 2012. 66) In somecasestudies it has even been used for
example to assist in improvingquirements angsdis during software development projects
(Ahmadet al.2013, p. 148)

The current study aims to pduce an agile orientddameworksupported by technology for

the delivery of qualitysoftware Activity theory was deemed a fitting theoretical framework
which wouldconsidesspecific environmentadonstraintainiqueto local markes. Additionally,

an activity theory lensin the context of Information Systems research can be used to place
technology ashecentral tool which mediates actions of individuals in the commHgghim

& Jones 200,%. 6)

As the current thesialso ambitioned to produce a tawological platform, an information
system was built to consolidate information flows from various agile technologies and will be
further presented tbughout Chapters Fivand Six This information system in question forms
the centr al medi ating tool of .Thhateolitsdif does s 0

generate any new data to mine and its own internal database serfesctmmal regirements
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which are transparent to uselisis built to provide a unified view of informatiorwhich is

amalgamated solely from existing data points generated by tools already in use at GZCS.

In effect asmentioned in earlier sectionthe currentthesisdraws from previous IS activity

theory framed research. Informég previous studies describing information systeassa

mediating tool in an activity based systdins enquiryattemps to map research goals to an

activity theory perspectiveHashimé& Jones 2007p. 6). In this light, the current study has

initially identified:

1

Agile Software dvelopment or engineering &entral Activity 1.

Agile Softwae project management &entral Activity 2.

The local African starup and software engineering industry Bgternal

Mediator 1.

GZ Consulting Services (local African software hoadso described as GZ

C9 6s organi z aBxternahMeliatac21 | t ur e as

The entire agile technology sta€kZ CS uses to build its software for the

African market asnternal Mediators.

An information systemame d -AdggePMConsol i dator o as th

technologyT ool meant to facilitate the continuous delivery of quasibftware.

The entireGZ CS team as th€ommunity around which the actity system

revolves

A consolidated information view of agile software project information for

project managers and the entire software engineering tea@ussome 1.

The delivery of qality software aDutcome 2.

Having described thecornerstone®ft he curr ent

s t utbeynéx seciant i vi t

proceed to discuss how a practical case study was conducted at a local South African

engineering starip: GZ Consulting Servicesewo name)

4.5.4 Using the Case Study as means of describing phenomenon

A case study from the interpretative perspective, can be descrilsed empirical enquiry

engrained in the real worlchwartzel& Eloff 2012 p. 278) This approach to conducting

research is especially applicable when attempting to grasp behavioural implications to consider

whenoneobserves peopland their systems in a natural settifigd, 2012).It also facilitates
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the exploration of modern organisational problematics in a realistic m#@uerseni &

Twinomurinzi 2018, p. 4)

In the fields of computer science in general and software engineering in particular, conducting
case studies have been observed to be very suitable as they facilitate Areseadics enqui r y

modern phenomena in natural settifiganesor& Host 2009p. 131)

Case study approaches to exploring phenomenomasienilar fashionfrequently usedor
gualitative ISstudies(Jabar et al. in Ors& Rothermel 2014, p. 48)n Information Systems
research, a case studgpuld for example involve exploring a specific situation previously
experienced at one or various organizations; the meseamwould then identify a similar
situation at a contempany organization such as a study could then proceed to a systematic
comparison of the previous and current phenomenon while takingagtount external

environmental variables such @ganisatioal culture, economic conjuncture etc.

In the currenthesis the researcheronduceéd a case studgonfinedat a SouthAfrican local

startup: GZ Consulting ServicegGZCS) This firm is in a nutshell a agile software
engineering house with the ambititmdisruptlocal markets by providing innovative retas

well asenterprise grade software solutio@ZCSis led by a managing director who handles

both business strateggommercial relatecendeavours as well as enterprise architecture
Reporting to hin ae DevOps and Project/Engineering Managing functions. The team is
additionally composed of four core systems engineers. An interesting point to note is that
engineering tasks are shared at certain points and times throughout the organization. This
mears that the managing director volunteers and provides his time when required in assisting
his team to tackle technical software engineering issues when reqBietmly is a snapshot

ofthef i r més organizational structure
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Figure4.4. GZCS Organisational Chart

This organization was partchosen a# is a local African engineering house which places
market disruption, quality and agility as its core values. Conducting a case study at this firm
also seemegertinent as itould help address key research objectives previously enunciated.

These include:

1 Getting an understandingf tailored engineering processes at a software
organisation operating in South Africa.

1 The identification of key agile technologies use bysuchan organizatiorio
achieve software quality delivery.

1 The implementation of an information system which will complement existing
tools and facilitate the management of agile development projects and software

quality delivery

The next sectiorof this dhapter proceeds to a synopsis of dgaédhering and processing

techniqueemployed for this study

4.6 The data collection process
The incentive of gathering and analysing data from as many angles and perspectives possible

often pushes researchersadoptingvarious data collection techniqueBhis can motivate
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researclendeavowsin theadoptonof either qualitative or quantitative techniques. Depending
on context, a combination of both techniques also be leveraged to provide a variety of
persgectives in the analysis phas@siother reason researchers often @peftriangulation of
guantitative and qualitativéata collecting approaches is the fact thatyare not necessarily
antithetic(Moraet al.2012 p. 224)

Nonetheless, somériangulation endeavours have showmitations to drawing broad
conclusions fromnformation sets gatheramhnusing different techniqueglthough this can
happen if the datasets analysed are not actually companalpeactice,quantitative and
gualitative datacollection methodsfor instance can be complementary.Furthermore,
triangulation is mostly associated with the mixaigesearch desigras well as their associated

implementation techniquébleale& Forbes 2013, p. 98)

Figure4.5 describes the variety of options available to collect data in positivist or interpretivist

styled studies.

< Quantitative A . |
- I | Qualitative >
: 1
1)) @ 0]
.g = I S I
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Figure4.5: Research Methodg¢De Villiers ilMora et al 2012, fig. 1)

In this thesissoftware development arsdftware project managememtanagile mannewere

identified as the central activities. These two elements also form the hsadivity-based
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system where and agile project management information consolidator system is argued to be

an enabling tool foruplity softwaredelivery.

In this light, the data collection process wedormed by insigtg gathered fromiiterature
reviewed inchapters two and thred@his was done byaining a better understanding of
historical and current trendegardingengineemg methodology,agile practicestools and

relatedtopics

To further this insight the researcheropted to use serstructured interviews, direct
observationgandquestionnaireas data collection methodsiring the case studyrhese data

collection tetiniques ardriefly discussedn the next sections

4.6.1 Semi-structured interviews

Interviews typically entail having omen-one exchanges between the researcher and
individualsstudied The aim igo retrieve information relevant to the research objectiVbs

data collection method capeld pertinentinformationcollected from participantahich will

provideinsight into their beliefs, practices and opinigHarrell & Bradley 2009, p. 24)

Interviews conducted in a sesiructured mannedraw from structured and unstructured
formats With these types ahteractionsthe interviewerdentifies key discussion points to be
addressedHarrell & Bradley 2009, p.25 The researcher hence follows the standards in
guiding his questions formulati@ithough he or she has leeway in the sequencing of question
Somequestions areisually operended andnost of the timecentredaround predetermined
themes while othergre more spontaneous and emerge from the dynamic interactions between
subjects and the researcliprCicco-Bloom & Crabtree 2006, p. 315)

These types of interviews are somewhat conversational and are typically used when one wants

to examine a topic thoroughl gtheassuds discusdesl.r st and

In the current research exercise, sstnictured interviews were conducted with individual
software engineers and management staf6ACS after the aim of the study was clearly
explained to them. The decision to use sstnicturel interviews was taken to create a free
flowing exchange with staff while retrieving their invaluable feedback and input in a manner
that was scientifically rigorous without creating an atmosphere that could have been interpreted
as too formalThe aim wado get a feel for what staff understood as quality in their line of
business and how they believed their day to day activities could be enhanced in terms of quality

softwaredelivery:.
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4.6.2 Direct Observations

Harrell and Bradley (20093uggests that during servations,the researcheshould not
participate in the interaction. Using this method, researchers aim to simply observe participants
executing their usual activities. This occurs in their natural environment although the researcher
is free to set or reave certain environmental variables relevant or not to the study. One should
note that this collection method does not necessarily yield completely objective data results as
the mere presence of an unusual external element (researcher presence fo imgtgnce
influence participants into modifying their behaviour or not. This limitation must be
understoodand observations alone are henceeraiughwithout consideringorgansational

or environmental context when interpreting the data collected. Direetalt®ns of software
engineersand project management stafere conductedprior and post the proposed agile
oriented information systems implementation their routine project activitiesCentral
activities 1(Agile developmentand 2(Project managem#&nare the main activities that were
deemed relevant to observe. Collecting data in this mannemwessy conductedbetween
Augustand Decembe2017.

4.6.3 Questionnaires
Questionnaires are designed as a set of questions submitted to study subjects witlothe aim

getting answers typically confined within research objectives bound&e&saran 2003, p.
236). This is a widely usttdata collection method in qualitative research when the researcher
is interestedn getting subjective insight from participar{tbid. 2003. Questionnairesvere
providedto currentGZCS staffto get views ofmanagemenand engineering staff alike. All
guestionnaires were completed, returned for analysis by the reseasoiesurvey was the

electronictoolused o i mpl ement and distribute this stu

4.7 The data analysis process

The bulk of data gathered during this thesis was qualitative. In wréadentify major themes
which emerged during literature review, the research adopteatant as well as thematic
approach to analyse data. In addition to this, the activity theory framework was also aised as

analytical lens

4.7.1 Thematic analysis
Thematic analysiss commonly used to examimellected data in qualitative reseal&@uest
et al. in Javad& Zarea 2016, p. 34)t involves rigorous examination and exploration of data

with the aim ofextracting relevant themes from the phenomena being st{fskesdayk Muir-
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Cochrane 2006, p. 82previous studies have shown this analysis approach to be especially
efficient when attempting to descr (Blayweyt ext ua
& Harreveld in Derviret al. 2016, p. 21Q)

In the current study, participants are experienced and knowleddgeabteobgy and project
management professionalBhematic analysis has been shown to be appropriate in exploring
data collected by expert knowledge workers as it facilitates the identification and reporting of
patterngSuhairiet al. 2017, p. 1315)In conducting this research,qualitativequestionnaire

was implemented and distributed to participants. As keyn#scategrized individually
emerged from data collected during the questionnaire, thematic analysis was used to better
understand this information. Furthermorggtivity theory was applied as the principal

theoretical lens to gaitleeper insightn participantSanswers

4.7.2 Content analysis

When conducting content analysis, researchers examinmetiddically analyse qualitative
data(Sekaran 2003, p. 410Jraditionally, content analysis was considered quantéaitiv
nature as it enables researchers to draw quantitative inferences by submitting findings to
statistical analysi¢ibid. 2003. It has proven to be an attractive analysis lens for qualitative
research as well in more recent timksthe context of qualitative research, this teqghei
advocates the scrutiny of text sourtesdentify meaningful patterns and gain further insight
(Hsieh & Shannon in Hashemnezhad 2015, p. B@an complement thematic analysis by

expanding on the description and interpretation of extratdéalsets.

Content analysis was hence applied to documentation explored theicgse study as well
as interview transcriptand analysisQDA Miner, MaxQDA and NVivo were the software

suites used by the researcher to perform computer assisted ardlgsi® textual data.

4.8 Research Validity

To ensure the scientific nature of an inquiry, researchers need to convince readers that data was
appropriately collected anthat the manner in which it is evaluatadcurately gages the
described phenoemon(LeCompte& Goetz 1982, p. 32)

For research conducted in most disciplines, the more rigorous and demonstrative the data
presentation and analysis appears, the more valid the study is often perceivadturak
historical works, this vality can even be increased when one takés account that the
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subjective postulate of a researcher will always influence somewhagathering and
dissection of datéGedera& Williams 2016, p. 11)

In the context of qualitative oriented studies, some have suggestegpphaaching the issue

from an angle focussed on rigermore appropriate than the trtddnal quantitative perception

of reliability and validity (Kelle & Laurne in Welsh 2002, pt4). For this thesis, although
electronic questionnaires were used as one ofitfemation collecting techniques, the
instrument used did not contain Likert scale interrogations. This is because the researcher
aimed at gathering dessptive responses from participants. Although this is was an arbitrary
consideration as can be tolerated with an interpretivist positioning, the researcher experienced
that when using questions formulated in rating scale formats, getting target audiences
comprised of engineers to expound on their answers can be challenging. The direct
consequence of not opting to use rating scales coupled with thepsmtigiipantsample of the

research case studesulted in the inapplicability ahetricssuch as Cronkah 6 s al p h a.

To analysedata retrieved during interviews or questionnaires, leveraging technology with
software analysis toolsoald hencebe considered as an efficiamean to add robustness to a
study This can an efficient means of supporting appropmizge othe methodology adopted

if one focuses its usage aroutidarly enunciated research questions.

The appropriate application of such software can add rigoaithesis such as the current one
and perhapsncrease its perceived relevan@@chards & Richards in Welsh 2002, pt. 4)
Sophisticated qualitative tools such ashévo software suitevere in this light also used to
dissect the qualitative data for thisesis During the current researclxegcise, for the case
study conducted at GZ Consulting Services, NViMaxQDA and QDA Miner were the

primary software suites used to gain more insight most of the qualitative data collected.

As mentioned earlier, a researdhdnitial postulate tends tmfluence and shape the research
itself. Moreover, in the explorative journey of phenomena, especially in qualitative works, the
r es e a viemsmay also be influenced or alter@éalaganast al.2017, p. 426)As such,
leveraging a frameworkke Activity Theory (AT) as was done in this thesis, enhances the
capacity for the researcher to adopt a reflexive postulate to impr®wemprehension of the
phenomena at har{edera& Williams 2016, p. 11)

124



To improve tle robustness of data collection, analysis and interpretation, an AT lenses was
hence primarily used to align the theoretical foundation discussed earlier in this chapter with

retrieveddataduring the case study

4.9 Chapter Four summary

The fourth chapter of this study introduced theresearchapproach and methodology.
Interpretivistand qualitative researatlementswere discussed to describe how the current
dissertatiorwasstructured Chaptet~ouralso explainedhat the case study component of this
thesis vas conducted at South African local stapt GZCS. Datagatheringand analysis
techniques were then discussiedhis chapterthe thesiproceeds tintroducean information
systemdesigned and implemented durithgd ¢ a s ecomponent gf this resedrdResearch
findings are then presented addscribd in further detail during analysis of the information

collected.
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5. CHAPTERFIVE: DESIGN OF AN AGILE INFORMATION SYSTEM

As discussedn ChapterFour, this study is grounded in the foundatsoof Activity Theory.

The current chapter hence introduces the activity theory oriented conceptual framework driving
this thesis ChaptelfFive then proceeds to further explamationale behindhis case studyo

understandhow the agile information sysin was designed.

5.1 Conceptual framework
During literature reviewconcepts such aoftware qualityanddevelopment processesere
explored It wasalsosuggestedhatan organisatiorcould gainimmense benefits bgdopting

agile approachas running itssoftware projects (Scheid 2013, paja.7

To tie this in with a practical mapping of Activity Theory for purposes of drawing an informed
conceptual model, pveous studies have developediight-StepModel (MwanzaSimwami,
2001, sec. 5.1)This modelcan be usedo understand the activity system being studied by

identifying the following pillars

Table5-1 EightStepModel (Adapted fromMwanzaSimwami, 2001, sec. 5.1)

Eight-Step-Model Element Description

Activity of interest Set of activitiesvhich are to bestudied.

Objective of said activity The reasons for whichctivities need to b
executed.

Subjectsn said activity The actors which execute required activiti

Tools Theinstruments leveraged by participants

execute their activities.

Rulesmediatingexercise of activity The possiblemediating cultural factorsor

explicit governingirectives.

Division of labour mediating the activity | The distribution of effort amgst actors.

Community within which activity is execute The ensemble of actors

Desred Outcome of Activity The end goal of the activity.
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Informedby thismodel,the current research couddaw aconceptual leng/hich would clearly
explicit the activitiesand relevant elements be observed. Furthermore, an activity theory
centred studyeeds to conceptualise a framework which details worker interactions, mediating
tools involved in day to day activities as well as contextaators influencingoutcomes

expected from the community (Engestrom in Hashim & Jones 2007, p.6).

At this stagethe elements 0 be observed from t boeldhermebee st ud

summarized as follows:

1 The South African local stattp scene and organisational culture would be considered
Mediators influencing project stakeholders and subsequent pragguities.
1 Project managerand engineers asctors who form of theCommunity and execute

their day to day activities his communitydistributes work taskthroughan implicit

for project managing function§heir Objective is to effectivelyexecute their functions
daily in the context of software engineering responsibilities and related project
management tasks.

1 Software Engineering, De®@ps Engineeringand Roject managenme are the key
Activities which are performed by members of the community described edtiese
activities are executed with the helptethnology

1 Technology including project management software, productivity to@savell as
cloudresources are ¢hkeyTools leveragedo conduct activities.

1 Quality Software solutions effectively being delivered to market constithéee

Outcome

Figure5.1 illustratesthe consequent mapping of thisodelfor purposes of the current study
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Figure5.1: Activity System conceptualised framework for agile software projects

5.2 Refining the model to fit key research objectives

Amongst other aspectBgure 5.1 depictsatechnologyelement ofthe conceptual framework

which relies on a multitude of tools to delivguality software solutions to markets. These tools
comprise the bulk of technology systems utilised by engineers and project managers to conduct
their daily activities. Drilling intothis conceptualframework describedearlie;, from a
technology perspectivenecan attempt to further aligihis model withthe previouslystated

research objectivaimed afacilitating thedelivery of quality software.

After analysis of internal company documentation duthrey currentcase study, it emerged

that GZ Consulting Services leverages a multitude of technologies includingselniceso

conduct its operationgMugeni 2015a, p. 6) These technologies included Continuous
Integration and Deployment software stack such as Jenkins, TeamCity, software development
stack including Microsoft.Net and Jaaadcloud services such as Amazon Web Services etc
(ibid. 2015.
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GZ Consulting Services isn agile software engineering house. Often, such modern
organisations also adopt DevOps as ws{Continuous Integration practices. When this is the
case, teams can experience difficulties in managing progress and identifying components of
software project thatra affected by changé¢Ralihawadanat al.2017, p. 13Q)

During the currentase studystaff were questionedbout which soureethey used to inform

their decision making and daily activities. The aim of these interrogations was to understand
how team members performing different functions across varying domains were keeping track
of coll eaguessd act i vifeded thar oyndundtions #rheegedhat wh e n
team membearwere concernednly with technologystacks they were familiar with and used

daily. Staff members themselves considetbi$ poseda risk as the most accurate souofe

truth was mostlpnly availabke during standip meetings. From this observation, gneposed

activity theoryinspired conceptuahodelwas refinedso that it coulcconsiderisks associated

with technology usage in the context of software projects:

-“LOCAL SOFTWARE ENGINEERING | TECHNOLOGY

‘ AND START-UP SCENE

Low quality software '.‘
—1 | ;"‘: Unsatlsfled customers

.,::-' —

TN \NI ' Quality software C‘ '
COMMUNITY AND  /Organisational | atlsfled customers
ACTIVITIES \ Culture

-

ENGINEERING ACTIVITIES ,

QLLJ %@[

INFORMATION VIEWS

;IL \
Broject Managers Project Management activities ;s ‘

Influence software projects and engineering activities

Figure5.2: Conceptual framework with technology risks
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In figure 5.2, emphasisis put on a situation where the usage of innovative and modern
technologies such as productivity tools, modern databases or cloud pinductsmgthe ones
provided by Amazon Web Servicel®es not guarantee the delivery of quality softwaard
consequenthcustomer satisfactioMugeni 2015a, p. 6)In practice, while technology can

play a central role as the main tool in an activity system, each stack can yield an immense
amount of information views which would in turn negatively influence project actiyities

2015.

To address the issue of facilitatiggality softwareprojectdeliveryin this contextan option

would be to consolidate information views into a single source of consistent truth. This is what
the researcha&imed to achieveith the implementation of an information system to deal with
consolidation of informatiorduring the case studyat GZ Consulting Services. In the next

section,ChapterFive proceed to adeepdive discussion on the case study.

5.3 Presenting the case study

Influenced byanactivity theoryorientedens the researcher implemented an agile inforomati
system toaggregateengineering and project management datathe case study at GZ
Consulting Services

This organisation was identified as an ideal subjecthiecase studyt handdueto a couple

of reasons. The company as mentioned beforeaith@\frican SME located in Johannesburg,
South Africa. It is a relatively young small sized sigptwith fewer than 20 employees.
Because of this small sizéwasconsidered that the company afforded the researcher an ideal
context to perform concisébservations and tettte proposeghrototype system. The fact that
the startup leverages agile methodologies and is an avid@gv advocate was an additional

criterion of attractiveness.

The system implemented duritigs studyambitionedo provideaconsolidated source of truth
for project stakeholderd his experimental component of the thesis involved providinG&Z
software team members as well as management staff access to thevedoped antktting

them use it as they pleased after a basibaarding process.

In parallel, the researcher alsonducteddirect observations of GZS staff duringproject
development cycleas well asinstructured interviews to put participants at eAseelectronic

survey was additionally utded to gather staff ember viewsregardingsoftware quality,
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engineering and project management related concept prior and post the implementation of the

researcher ostemi nf ormati on sy

As a centralcomponent of data gathering in this thesis, it is perhaps pertinenstagé¢he

first two key aims ofhe case study as describedarevious chapters

1 Getting an understanding of tailored engineering processes at a software
organisation operating in South Africa.
1 The identificaton of key agile technologiea use bysuch an aganizationto

achieve software quality delivery.

Insight gathered from a conversation with G n s u Imanaging director informs the next
section where the firmds tsemngimeeny pracessea ire | and
summarized.

531 GZConsultinCé O AAOAIT T Pi AT O PEEITOI PEU AT A OAAETTII
GZ Consulting services is a young emerging agile and@gev oriented organisationith

staff located in Gauteng, South Afridaternally,regardingts operatingnodel, the company

is an advocate aigile methodologieand practicesProjects are manageabstly through the
establishment of sprints, Kanban boards, epics and user st¢rgestganization o e add t

a dogmatic approach to its agile practices and customizes processes as muchtadiititsan

specific needs.

GZ Consulting services is alemgrained ira Dev-Ops contextvhere both infrastructure and
developmenstaff are expected to be technically apt enough to betaldess skill. Software
engineers areequiredto be able to péorm certain operational tasks such as deploying code,
writing scriptsetc.and infrastructure operators are expected to be abttabute code when
required(Mugeni 2015b, p. 7)

Regardingexpensessub-Saharan markets the firm targets do not afford it therjurf heavy
footprint hardware and software costs. The management team dwrsiders that there &
need to adopt modern and lightweight infrastructure footpiimternally while proposing the

same to its clients where appropeiat

Theorganisation s opted to run the entirety of its technology stack on cloud infrastructure.

GZ CS has to date successfully deployed its products to the cloud without observing any
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notable differences between applications hosted on site or at third party prévhigeEsi
20154, p. 3)

The results of this move to the cloud h@asduced anncrease in team productivity while

leveraging cutting edge technical atelsiure and infrastructure.

Senior management tite firm described that while there was urgent need for cost effective
infrastructure, it believed that adopting a cohelemdr-termcloud strategy would facilitate its

growth objectives as well. Leadip at GLS considers that embracing an enterprisde

cloud strategy even in the contestt its small starup operating model presents two key
opportunities. On one hand the ambition is to establish a structured way to incorporate cloud
services intots internal IT mix. Orandhe hand the firm wants to propose the same level of
efficient products and services to its clients. The {targn vision for management is that if the
firmds product and services of f eundatioy G4 s sup
Consulting services hopingto eventually emerge ascbbud-orientedcentreof excellence in

the delivery of software products and services on the local market aasimddirnationally.

Currently, GZ Consulting services prides itselfhie tact that the question of how to leverage

cloud technologies has been largely answetgdry software project at the firm is hosted on
theGITsource control management system. The f
private GITHUB cloud repositeeswhich contain sourceodefor thef i r waeb application

and mobile devices services These ¢l oud r eposiertegrise grade al s o
solutions which includes middleware software adapters as well as public and private

application prognaming interfaces (APIS).

Project managers leverage a privAtiassianJIRA cloud instancéo run internal as weks
commercial projects. This suite helps leadership and executaes the management of
software and business projeitt@n efficient ubuitous manneiSupport issues, bug reporting,
enterprise strategy as well as architecture are functions also offered by the Atlassian JIRA cloud

which the organisations utilizes.

From an engineering perspective, #mire technology stack use at theirm leverages
Amazon cloud infrastructurédmazon Web Services (AWS) is usiedhost runtimes sucés
Java enterprise grade products, web applications built in NodeJStle¢c.service providers

including Microsoft Azuregi caht@ceendseoiiec
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previewed and tested by engineers at GZCS,

option for development and infrastructure staff.

In terms of more novel and game changing technologies adopted in the cloudEpacte,
engineering teams also use innovative serverless approaches to designing software solutions
by | ever agi ngrhissé/edess appeoath tod hosting wetviceis leveragd by

the teanto execute shoet running processes.

Furthermore to facilitate builds, automated testing as well as to enable deployments and
delivery, GZCShas adoptethe continuous integration (CI) paradigfractically speaking, a
Jenkins instancr some projects and AWSCodeBuild for otharshooked into the source
control system andexecutes test cases implemented by development staff after handling the
building of new software artefacts. The same CIl sertiandles the deployment of new
products to required environments including Development and Production s@aiaesb-1

illustrates a synopsis tifie technology stack in use at GZ Consulting Services:

Table5-2: GZ Consulting Services technology matrix synepsi

Software Framework Stack | Infrastructure & Project | Continuous Integration

Management
Microsoft .net Amazon EC2 Linux Jenkins (running on AWS EC2)
Java Standalone edition Amazon EC2 Windowy AWSCodeBuild

Server 2016

Java Enterprise Edition
Jira (from Alassian)

NodeJS

_ _ GitHub corporate
Glassfish Sever versions 3 to organisation instanc
Wildfly server 10 hosting 30+ code projec

and products
Android

Spring Framework
MYSQL

MSSQL
OpenESB

MuleSoft
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The list above is neexhaustiveand he organisation is always opgmnewtooling aswell as

technology if this can incease productivity and improve the management of its projects

The sheer amount of technology tools utilised at the firm has led to the generation of an
immense amount of datBrojectleadersand engineers alike need to taltes into account to
effectively runtheir projects.Nonetheless, both project leadersagwell aengineering staff

have indicated thahis heavy technology usage can present drawbacks. In effechataff
bemoaned the fatihatdespite technology makiribeir day to day tasks easjat timesthere

seems to be aeed to accedso many different systents get information sets that are often
relatedand at timesedundantThis can prove problematic in fast paced environments where

information accuracy is criticaluring projectifecycles.

For example, mject managers in their case would like to have more practical insight into
feedback from engineers. This because task updates from technical staff do not always
convince project leaderdManagementwould hencelike to be ableto monitor practical
development progress without having to know the intricacies of navigating through the
command line of a GIT system for instantethe next sectiorg discussiommn how the large
variety of information technology tools utilisatithefirm and the data they generate motivated

the case for building a system which would present a unified view of all thifotlates.

5.3.2 Motivating factors for an agile oriented information consolidator

When running agile projects, organisations often eepeg challenges in keeping workloads
integrated among team membé&ssillwell & Coutinho 2015, p. 1)This can be accentuated in
situations where the level of information available to team members is either incomplete or
perhapsnexact. Another factahat can worsen situations is that agile environments have often
yielded a lack of traceability management and documentation of extremely poor quality
(Palihawadanat al.2017, p. 13Q) In the case of engineers for example, thera iadditional

need to provide updated and consistent environment information to ensure smooth running of
engineering task@bid., 2017).

Whenan organisatiomecides to adopt memethodologies antechnology toolspften, this
initially has implications in regards to reduced efficieresulting in increasedverhead costs
(Logigear 2013, para. 2Moreover, the utilisation by project teams of the latest technology
trends ortools does not guarantee the delivery of quality softvyaogects andsolutions
(Mugeni 2015a, p. 6Also, as discussed in sectibr? of this chapterfeedback from GZ CS

134



employeesuggestshat therecouldbe banefits to having a consolidated and consistent version

of truth in the context cdigile projects for all stakeholders.

Thisthesi® sase study proposexdh information system which will complement existing tools

and facilitate the management of agile depment projects anquality softwaredelivery.

Figure5.3 illustratesa layeredArchiMate annotatioimodelwhich describes key ativators
for development of th@roject management tool to consolidate agile inforrdath at GZ

Consulting Services:

GZAgilePm Consolidator Motivators

De\r-Ops@ Reduce timeto @
Market Delivery
ey
v
Disparate 7 Innacturate Z Innacturate = Reduced quality Z/
Agile 8 Information N Project N Software artifacts
Philosophy Sources Management Engineering
o
: Consolidated (!
' information
Agile & View
Methodologies
v
Effective QualitySoﬂware@ Customer @
Software Project Products Satisfaction
Management

Figure 5.3 Motivators for a consolidated information view

At GZ Consulting Services, the adoption of agile methodologies DevOps has been
followed by extensive usage of supporting technology tools for botmesargas well as
project managersThe sheer amount of information generateg these toolscan be
overwhelming.Furthermorethe disparate nature @fformation systemsn use throughout

development lifecyclesan often lead to inaccurate project manag@n(in terms of milestone
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appreciationgffort, cost and time estimations etc.JThis could fosteill -informed software
engineeringprojectswhich in turncan yeld poor quality products. Thefactors have largely
motivated the conceptualisation amdplementationof an information systerwhich would
provide a consolidated informatiaew for effective and accuratsgile project management
and thuspotentiallyimprove the quality of software produ@sad perhapscreae customer

satisfaction.

In the next sectionan application and technology overview of the IS tool developed for the

experimental part of this dissertatimfurther discussed

5.4 Prototyping GZ -Agile Project Management Consolidator

As highlighted duing previousdiscussionseven withinthe context of organisatisdopting

an agile philosophy and related methodologies, the large amount of disparate information
sources can lead to inaccurate and incomplete assumptions in terms of project management
estimating for instanceand engineeringctivities. This risk could exponentialigcrease as

the array ofagile practices antéchnology tool$o support engineering projects grows.

Regardinghecase study at GZ Consulting services, the reseaechiearked on the design of

an information syem to aid engineering projest stakeholderby addressing the issue of
information consolidationT he t ool bui | tGZ-Agde Project Managententt o a s
Consolidaton or GZAPMC.

In systems engineering, thH@penClosed principle suggests that aasls should permit
extensions to an objectds behaDaling200% palkaut r e s
1). The OpenrClosed principle was applied from an architdural perspectiven a limited

capacity to only complement current tools in usage at GZCS in its running of agile projects.

The objectiveof this system would be ttomplement existing technology tools, facilitate the
management of agile development patg and thus facilitate the delivery of quality software

by providing a unified portal and view of relevant software engineering and project

management activities

To describe the information system implementsahsequent sectiortsence proceed to
schenatically illustrate the business, application and technology views considered for

development ofhis IS.
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5.4.1 GZAgile Project Management Consolidator: Business View

I n Aristotelian metaphysi cs, theedsudook atanslt and
considerits material, efficient, formal and final caus@diller 1998, pt. 2) This involves
understanding the objectdéds content, i1its crea
or shape as well as its actual function. One could leverage this perspective in understanding
how IS tools should come abooy identifying in project early stages detaiidated to the

systembébs requirements and expected functiona

In the current reearch setting, befodescussing antechnical desigdetailsof thelS prototype
at the centre of,the feseacher identdigal sodiple ofasperts whiclhu d y
required clarification before any development task could be started:

Who wouldthe system users be?
What prerequisite informationwould be required,and which medium would be
provided to interact with the system?

1 What would the core functionality of the system entail?

The system designed was conceptualised for academic regeaposes,but the possible
scope of application was deemed extensible to potential commercial appficatreal life

business settings.

Typically, Information Systems need to cater for administrative tasks and some level of
business reporting capabilibhs such the Agile Project Management Consolidator system
caters for a Systems Administrator and Executive role although thesengsernsidered
accessoryor the purposes of this studiyjhe Administrator is meant to manage otsgrroles,

load core ron-business data into the system etc. The Executive user is meant to eventually be
able to access reports and financial data. The functimsaktguired by these users were not
deemed essential for the purposes efltisis at this stage, so their irteionswith the system

are only superficial

This studyis informed byprevious activity theory framed resea(&ekwaletswe& Gaoussou
2012, p. 61) The information systems implemented at GZ Consulting services focuses as

mentioned before on two central activities:

1 Agile Softwae DevelopmerEngineerindthis includes activities considered in
the DevOps realm)

1 Agile Software Project Management.
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Furthermore, as mentioned®Z Consul ting Servicesd technol

2), the firm already leverages proprietary aosoftware services to manage bithproject
management needs in the agile spaoéts engineering requirementlt was hence deemed
fitting that the solution to be built for prototyping purposes duthigresearch, would be cloud
based, and leveraghe existinginderlyinginfrastructure andoftware services already in use

at the firm.

As such, the two core business actors considered during implementation of the Agile PM

consolidator system were project managers and software engineers at GZitpBSsultices.

After the main intended audience of the Information Systems was decided, the researcher had
to clearly identify what the tool implemented would require complementingother
technologies and products already in use at GZ Consulting SefMegesearcher went oo

design a system flexible enough to be able to cater principally for interactions through a web
portal but also via mobile channels and GBas mediums suclas Slack used at GZ

Consulting services.

For the information systems fwovide intended functionality to users such as retrieving data
from the tools already in use at GZ Consulting Services, a credentials registration module is
required. This functionality is used secureinternalu s e data @ is alsoused toleverage
essentialthird-party credentials which enables the system to authenticate users to cloud
services and backend systethey require information fromOnce thisis done, project
managers and software enginebes/e access taa consolidated view of softwangroject
information aggregated from various sources we@Z Consulting serviceAdditionally,
userscaninitiate a complete project creation workflow which will synchronise and integrate
the custombuilt informations y s t artefacts to tools already use at the orgarationand

hence monitor them as well.

To design a system which woudstidress the problem illustratedfigure 5.3, the researcher
consideredinsight from thef i r tedhsical lead who explained thaalthough an agile
advocate, the ganizatiorbelieved in sound architecture principles. In practokjtions were
designed to meet TOGAF principles whenever possitd@sequentlybecause datahichto
be consolidateftom existing system@asnot to be altered in anyway, thesearcheopted to
implement a proposed solution by incorporating three key TOGAF viewpthetdiusiness,

application and technology views&.igure5.4 illustrates the considered business view:
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Business

Agile PM Users %

Credentials Registration Q
Executive % Business Interfaces 0
SlackBot 0 Portal credential Registration =»
Project % : WebPartal -0
Manager Atlassian credential Registration =
Mobile -0
Software % Channel
Engineer Source Control Management =
N credential registration
b
% Project Creation WorkFlow Q AN
System b
Administrator Create new Agile Project () \\
S
\‘ m
Agile Consolidated Dashboard
Generate JIRA Managed projectﬂ\\]
Continuus Integration View
. -“.--‘l--“* . . .
Generate Github Managed () Global Project task Tracking View =
Repository
Create, Edit or Close Project ﬁ] Software engineering task >
Issues Tracking View

Figureb.4: GZAgie Project Managemen{GZAPND) Consolidator Business View

5.4.2 GZAgile Project Management Consolidator: Application View and full picture

The web portal technical design was essentially informed by the MbeetController
pattern(see Appendix B Other tharthe tool implemented, three main backetwwhich the

Agile PM Consolidator would have to integrate were identiffe8ource Control Management
System, the current Project Management system in use at GZ Consulting Services, and a

Continuous Integratioand Deployment backend utilised by engineers at the firm.

The system designed comprised of a web portal that also leverages an application programming
interface layer (API) which performs some of the integration to third party systems. The front
end seandssly integrates to the source control system via pludsit leverages similar
technologies andn API layer to integrate with the project management system currently used

as well as the CI/CD tool.
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Application

Get Git Repo Data
GZAgilePM Consolidator — 0"_'_'_-_—* Source Control &
freE ) ¥ CreateGitRepo : @.H Management
\ System
Update Gitssues
Project Tracker REST 0 o a AgieProjct €
e T CethAgileProjt Management
— Suite
Create Agile Project |/
AgilePM Facales?] — - :
k. Continuous
*— Update Agle Project
erace p Dgta ) Integration and
— Continuous
Get Cl/CD Data # * Deployment
System

Figure5.5: GZAgile Project Management Consolidat¢GZAPND Application View

As mentioned in the previous section, figus& describes how the GZ Agile project
management consolidator interacts via APIs calls with the current systems in use at e firm t
retrieve, post and aggregate data. The next illustration depicts the overall picture of how the

system was designed and includes the technology view considered.
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Figureb.6: GZAgile Project Management Caolidator (GZAPND Overall View

Figure5.6 complements the previous two illustrations of the system by adding the technology
stack which forms the foundation tifis IS. The entire system runs on Amazon Cloud EC2

Linux infrastructureLeveragingthe selead technologies for the case study prototypas

justified byaneedta | i gn

in table 52.
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The frontend was built with NodeJS to leverage a simple and intuitive MVC paradigm. The
interral database is a MYSQL relational database. The-fndtalso leverages APIS build in
theJAVA language. These APIS were desigmeth the Spring Bootframework and expose
collection of fagcade to call back end services. These facadesgrate to GZ Consting
servicesd6 Atlassian JIRA cloud back end for
repository to store source and manage engineering tasks, and a Jenkins Backend instance which
also resides on Amazon EC2 cloud infrastructiigure 5.7descibes a typical user interaction

with GZ-Agile Project Management Consolidator via an UML sequence diagram:

User

X |Node JsS Front-End | |SpringBootAPIs|  |Atiassian JIRA|[Jenkins | |Github

Retrieve project data )_

| Request Project Details Summary

E Request Project Issues -
E Request Project Deployment Summary)i

E Get Project Issues

| Get Issue per ID

| Get User Story
i Async send feedback

L Return Project Issues '
_‘ Return Project Issue per ID%
L Return User Story Data

Get Cl| Summary

i Get Build Summary

i Get Deploy Status

i ReturnClSummary |
e Return Build Summary 0
i( Return Deploy Statuses Surﬁ1mary

! Request Project Commits

| Request Pull/merge data

Request branching data
| Get GIT branching data
i Get GIT Issues

i Get GIT pull,merge requests§
| Get GIT commits !
: Return GIT branching data ‘

-
i Return GITissues L .

i RetunGITpulmergedata | .t .. i
E( Return GIT commit data

E{ Consolidated Project information

|Node JS Front-End | |SpringBootAPIs | |At|assién JIRA | ‘Jenlldns' ‘Gitl'l'nub

User

Figureb.7: GZAgile Project Management Consolidat¢GZAPND) Sequence Diagram

5.5 Chapter Five summary

Chapter Five of this thesisattemptedto describe the conceptual framework as el
adjustments made to cater &iatedresearclobjectivesthrough an activity theory len¥he
chaptersubsequentlyroceeded taliscusshow technology came identified as the central
mediating tool of an activity systeifihe researcheéhenwent onto presenhow a large amount
of technology tools in agile oriented organisasican lead to the generation of an increasing

amount of information views and how this can posallenges to project teams.
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ChapterFive concluded by further describirtige case study at GZ Consulting Services as well

as detailing the design of an information systems to address information consolidation from an
ArchiMate notation business, applican and technology perspectivEhe IS proposes the
integration of cross domain agile engineering activitiesugh a web portal leveraging REST

APIS asbelow:

4
PROJECT MANAGEMENT DOMAIN SOURCE CODE MANAGEMENT DOMAIN CI/CD DOMAIN

JIRA PORTAL REST APIS REST APIS EITHUB PORTA - I
E E l * ﬂ ENKINS PORTAL
@

S

h* .
t %
7
Y

5
a, 4 s

AGILE DATA AGGREGATION SPACE

GZAPMC PORTAL

Figureb5.8: Cross domain integration througZAPNC

In the following partsof this thesis, a discussion on research findings folléwdslitionally,
the reader might find benefits in referring to appendix C wharef the technology tooling

mentioned in the current as well as subsequent chagtiensher described.
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6 CHAPTERSIX RESEARCH FINDINGS AND DATA ANALYSIS
ChapterSix discussedindings gathered while conductingetlturrentresearch exerciseTo
this end, enpirical data retrieved using techniques explored during the research oiethod

discussion ofhisthesisis presented

Data collected through direct observations of GZ Consulting Services staffsseatured
interviews as well as an electronic survey feedback is discussed, analysed and interpreted. This
analysis is intendetd contribute to the elaboration of a practical agile oriented framework for

the delivery of quality softwanerojects andrtefacts

Consideringresearch sulguestions enunciated in throductory portionof this thesisthe
following themeshave so fabeen addressedrough literature review as well as the case study

presentation

1 Quality in software settings and the wagswvhicha modern organisatiossuch as GZ
Consulting services deals with this issue

1 The modern technological tools available tdeateams in facilitating quality project
deliveries.

1 The customisingf engineering methodologielectionas well aghe importance of

tailoring agile processes in moderganisationasettings.

While thetopicsmentioned abovevere mainly exploredthroughliterature reviewas wellas
initial interactionswith GZ Consulting Services stathie next section proceettsa provide a

presentation on the research findings.

6.1 Preparing the data analysis

When preparingjualitative datdor processing bgoftwale analysis akeyrequiremenfor the

effectiverunning ofthis processnvolves drawing clear enough labgWwhich will serve as a
departure pointo identifythe underlying themeshich can be mapped &nunciatedesearch
guestiongAdu 2016, p. 1)

In qualitative empirical studies, coding is used to arrangeinl@ach a way that a researcher

can better gain insight into actionable and relevant informatluoh may not seem apparent

at first sight or face valuéSmith & Davies in Theron 2015, p..4)Conceptually, coding
describes a natural approach to categorise large amounts of seemingly unstructured content

whichis often textual in natur@Archer in PsySSA 2018, chap.. ) code is typically used to
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capture the essence of a portion of data via some sort of single mardrophraséSaldafna
2009, p. 3) Consequently, t@wonduct thequalitative analysis required fothis study, four
anchor codes were derived frafightly reformulated versi@of request questions previously

statedas described below:

Table6-1 Qualitative Analysis Anchor Codes

ANCHOR CODE RELATED RESEARCH QUESTION

Quality software projects expectations Research question 1fi Wh a't a
expectations in terms of quality proje
delivery at GZCS and how does the firm
to ensure that quality solutions are deliver

to its customers?Oo

Agile processes taring and agile projec Research question 2 Consi de
challenges various informal and formal approaches
ensuring the smooth execution of ag
processes in software engineering conte
is GZCS on the right path? How could t
firm customizets current processes to bett
achieve its goals in terms of providir

quality software solutions to markeés?

Technology enhancers for agile projects | Research question 3fi Wh a t a
technological tools your firm uses and
should be using to ensureldery of quality
projects in a more consistent manner in y

opinion?o

GZAPMC expectations from users Research question : 47 GZ Agi
Consolidator was built to help you
organisation have a consolidated view
information in terms of all the tootaurrently
in use at GZCS (JIRA, GITHUB, JENKIN
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etc.) What are your expectations of t

tool ?20

As described inable 6-1, interviewswere conducted with six staff members to gather their
insight The researcher then appliedh@meing codingnethodologyto perform content and
thematic analysis on respondent feedback during this interviewing process driven by the
derived anchor code3he next section proceeds hence to a further discussion on the semi

structured interview findings.

6.2 Semi-Structured intervi ews findings

Interviewed staff were mainly involved witkngineering/management or software project
leadership functions. The conversations for these-seémnitured interviews were conducted

with 2 senior managers, 2 project managers and 2 engifreinsg the data collection and

analysis process of these interviews, subjects were anonymised and labelled with alphanumeric
identifiers participantswere consequentlyeferred to as Al to A@luring the transcription

exercise and the subsequent exploratibdata gathered To further explore results of the
researcherds interactions with these partic

presented in subsequent sections.

6.2.1 Initial findings
Discussions with sth at this stage included interrogatiotts determine some biographical
information on participants, their opinieon agile methodologies and practicédaage; as

well as the particulars of their applications at GZ Consulting Services.

The first noticeable piece of insight retrieved indicdtet almost all interviewed participants

had at | east 1 to 5 yearsodé experience with
in agile settingsn most casesSimilar studies have observadtrongcorrelation between the

actual application of algi practices suchs Scrum andts positive perception amongst staff
membergSalo& Abrahamsson 2008, p. 63) the present case stydynly one staff member

indicated that he felt npreferencenvhen it came tavork in traditional waterfall projects or

agile settings.
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Agile Methodology perception according to experience in
years in agile practices

4.5
4
35
3
2.5 m Favourable
2 m Neutral
15
1
0.5

Total

Figure6.1: Staffappreciation of agile at GZCS

Most participants interviewed had less than 10 years overall software engineering project
experience under their belt and did not fit that category. This did not seem to have an incidence
on the general positive perceptionagfile methodologies and the underlying philosophy. To

try and further explortheir perspectivesthe researchéhenattempted to gaghe satisfaction

levels from staff in terms ofagile practices implementations at GZ Consulting Services
Consideringhow employeesresponded when queried about their opinion in terms of

appropriateagile usage at GZC8gure6.2also illustrateshow a r t i deedbachkig libked
to the number of years experienced in agile settings
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Figure6.2 Agile Practice satisfaction at GZCS

From the generated map above, it emergedwhde most interviewed staff evaluated agile
practices at GZ Consulting Services as satisfactothia@r usageenough two employeest
least were othe opposite viewThat both participants (A1 and A4) who believbat the
organisation was not leveraging agile in the best possible manner both indicatedtliinaéng

y e a r s oOof ewperiemcé in agile environments. The m&sthe interviews all hadour or
more years in agile settingdn interesting piece of insight observed was fiaticipantsAl

and A4 were the two engineers interviewk@merged that these participants wessentially
referring to technology usage and engineering practrediser than agile philosophy
implementation pese They for instances indicated that they belgktieere was not enough
automated testingt the firmor efforts to promote tegiriven approaches such @D in
projects.When quizzedurtherby the researdr in an attempt to clarifgndexpandon their
responses, the subjects explained that they believed the organisation was actually doing a good
job in terms of applyinggile practices and tooling in their view, but some progress was still

necessary for # engineering functions specifically in terms of testing practices, it hence
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appeared that ultimately interviewees were mostly satisfied with the agile culture and practices
at GZCS.

Considering the research framework for this thesis as discussed irugreliapters as well as
the anchor codesstablishedinductive coding and data themeing were leveraged to explore
feedback from participants. In the next sectio@lodpterSix, this process is described in more

detail.

6.2.2 Inductive coding and subsequent them eing

For t hi s t htesscript@iata anatysisethewaseansher first leveraged a deductive
strategy This technique was usé¢d derive anchor coddsom researclyuestions enunciated

in Chapter OneResarchers typically adopt such approacho formulate a coding scheme
The coding scheme in questionil drive subsequent qualitative data analysis processes before

most data is actually collected in a tdpwn manne(Nixon 2014)

Next, after the data was collecteay inductive approach was used to code participant
transcribed feedbaakerbatim orin vivo as itis often described in qualitative analysis contexts
(Manning 2017, p. 2)This was done in a bottom up manner as inductive coding typically
requires that identified code be driven from the data structure and conteriBiesglivitt 2016,
para. 3)

Finally, themeing was leveraged to continuously explore and systematicallyredinet i ci pant
feedbacknterpretationThis was done by establishitigematic identifiers to better understand
the underlying patterns of informatioot easily observed dug a superficial observation of
data collected from staff during sestructured interviewsand other informal exchanges

between participants and the researcher

Themeing data consists in identifyiagd labellingsignificant information (such as the aoch
codesgeneratectarlier), lookingatits possible meaning or interpretatioasd then deriving
shorer phrases to further descriig Adu 2018) It additionally helps researchegsound data
gatherednto their interpretativérameworkand draw meaningful insigltturing the analysis

procesgSaldana in Martin 2015, p..9)

To furtherachievea better understandingome qualitative methodology domain experts have
suggested that short generic coding is not sufficient; their recommendation is to analyse and

label the data with extended thematic statemé€Btddaria 2009, p. 139Ergo, applying
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themeing analysis tthe initial anchor codes identified in tablel@ndthe data gatherethe

following additional sukcategoriesvere derived
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A Quality software project expectations

1 Quality software project delivery implies good communication across teams
and between all stakeholders.
Quiality software project delivery implies efficient task assignment.
Quality software project delivery implies alignment to coso needs and
understanding therequirements and thedrganisation.
Quiality software project delivery implies a focus towards excellence.
Quiality software project delivery implies timeliness.

Quality software project delivery implies customer satisfactiand

collaboration.

A Agile processes tailoring and agile project challenges

i Tailoring agile processes suggests a full implementation of agile methodologies.

1 Smaller agile companies such as GZCS have difficulties with tight resources.

1 Smaller agile compaes such as GZCS need to optimize their processes to their
resources.

1 Organisations should use formal project management and not use agile

processes as an excuse for anarchy.

A Technology enhancers for agile projects

1 Agile productivity tools including the Adissian suite with JIRA and
Confluence, Slack, Jenkins, GITHUB as well as the proposed prototype post

implementation at GZ Consulting Servic€&ZAPMC

A GZAPMC expectations from users

1 Tackle the issue of multiple interfaces to project data.

1 Quality managemdrenhanced functionality.

1 Integrated direct communication channel and improved intuitive task
assgnment functionalities.

1 Integration to a bigger array of external tooling.



In the next section, eontent analysis discussion of these themes and derivechsegpories

follows.

6.2.3 Findings discussion

To improve visualization of textual data which requires processing for analysis in qualitative
contexts, word clouds have been found to be very useful tools for resedrtbiensrlet al.

2014, p. 1833)In qualitative stdies which require data analysis of textual data, such
instruments areised todepict intuitively a summarized illustration of emerging impott
terms(Wei et al. 2015, p. 539)Theyrely on word count frequency analysis which typically
results in a display of key words whdomt size is suposed to be proportional to how often

the word is use@Turner 2017, pardl).

These visual tools are basically graphic illustrations of key word frequency which can be
customized based on some excluding or including criterion determined by researchers

(VasconcellosSilva, Carvalha& Lucena 2013, para. .3)

To proceedvith analysis ofdata gathered isemistructured interviewconducted duringhe

current studytranscripts were cleaned for processing to genetagword cloud below:

customers feedback testing ?,

x -
automation & == &
_ i 5 %
requirement product & = category £'55 3 = =2
o lasks = 5 & = MAMicTyelivering 8.5, 2
si=i:inroject & -
e - 3g :8
2 Q@ ESE geper Drocess Bt £ =g 2
- r?fluirlal;lrllgﬁtt:;'.3 manaqemeni'u i
e g —

Figure6.3 Interview transcript word cloud
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Some of the keyterms which seemed to emerdrom interview transcripts included
engineering and sof@ve project management jargon suchiigs r o j0e owtwg kt e a mo ,

Adel i very, 0 ded,iguail y d yoeicc izl i emg e

These terms were used by both managemeneaguheering staff alike and were an integral
part of the organisational day tiay kexicon at large but more particularly in the context of
engineering projects deliveryfable 6-2 illustratesa frequeny distribution for the top six

wordswith a length equal or superior to four characemerging from this word cloud:

Table6-2 Top 6 terms from interview transcripts

Word Word length  Frequency % Rank
Project 7 36 861 1
Team 4 31 7,42 2
Client 6 21 5,02 3
Work 4 18 4,31 4
Quality 7 17 4,07 5
Agile 5 15 3,59 6

The first three items ithis list wereencountered 88mes in the transcript and account for
around 64% ofhe most used term€onsequently, the next sections proceed to discussion on

these termsd usage i n-stuauredisteeiewsof t he conduct

The mostecurrenwords usedafterfrequency analysis of interview transcriptsrefiP r o j ect 0
andfi T e a Table 6-3 and6-4 illustrate examples in which it was used when participants

were interrogatedbouttheirwork environment and expectations.
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Table6-3 "Project" usage instances

PROJECT

0 Xamongst developers andROJEGhanagery...)

0 Xewvough to ensure qualitf ROJECdelivery. All the abovwenentionedd X 0
0 XPboject Manager | am BROJECcoordinator/administrator(X 0

0 XManager | am the maiRROJECAwner as far as the IT tean X 0

0 Xfram the beginning of th& ROJECAIl the way to final deliverg X 0

0 Xalways with an accoun8ROJEGhanagerd X 0

0 Xta@understand progress oAROJECANd feeds this back tde clientd X 0
0 Xabsome point for #ROJECThe marketing departmenbd X 0

0 Xall items to tick off in the?ROJEQhrough exceb X 0

0 Xhen takes it toPROJECdeliveryd X 0

0 XWhatever besPROJEChanagement X 0

0 XYou expect youPROJEQ® bedelivered on time and quality X 0

Table6-4 "Team" usage instances

TEAM

0 Xhand with customers, making olliEAMavailable for supporé X 0
0 Xthie backendl EAM.Tools we should be using is one tidaiX 0

(X @s far as the ITEAMis concerned X 0

0 Xplshing perfection on th@ EAM we do however strive fap X 0

0 Xstrive for excellence. OUrEAMIs split into front endd X 0

0 Xa8 our techTEAMO X 0

0 XTiEAMtogethero X 0

As illustratedabove,interviewees indicated that they always worked within the context of a
collaborative enterprise. This was done in terms of projects and under the leadership of project
managersteam leadsproject coordinators well versed in traditional project management
practices and more agile methodologies as well. The collaborative aspect of their work is best

il lustrated by the emphasis noticed on wusag
indicate a grasp of the need for increased coordination and cooperation inettes®lof

successfully running and delivering their projects.
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When quizzed about thveay the organisation attempted to meet customer neeglsiext two
most used wordby staffincluded the term& C 1| i &ndft Wo r als described itables6-5

and6-6:

Table 6-5 "Client" usage instances

CLIENT

0 Xsystems work foCLIENbetterment. Our systems are built for custainX 0
O Xdelivering the underlyin@€ LIEN€hallenge, and that message beingK 0
0 XevncourayesCLIENTinteraction on a frontendo X 0

0 XALIENTacing and directly affeci X 0

0 Xgoality solutions to theCLIEN® X 0

0 Xitst meeting with theCLIEN® X 0

0 Xatsolution is drawn up for thELIEND X 0

0 Xback to theCLIENTo present and receie feedbaclo X 0

0 XALIENTS happy with the solutiod X 0

0 Xfeeds this back to th€LIENTThe Account manager also ensueX 0

Table6-6 "Work" usage instances

WORK

0 X prefer agile because My ORKis much more focused X 0

0 Xsystem to improveNVORKproductivityd X 0

0 Xpvoud to say weNVORKto align ourselves with customeér X 0

0 Xupgrading systemg/ORKfor client bettermentd X 0

0 Xgoality WORKis key for our survival X 0

0 Xhese two ends mustVORKogether (we strive for thatp X 0
0 Xfront end and the baclend WORKclosely togethe X 0

0 Xdeélivered qualityVORKthat everyonewas happy witlo X 0

Usage of these terms mainly seemed to despridject relatedhctivities execwdd by staffas

well as their outputs certain instancedVhat also seemed to emerge with the recurrence of

t he

w o i dvasitlear focusncustomer needs and a client centric approach to delivering

solutions.
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The final ivo most used words derived from the frequehst previously described included

AQu a | antMA ¢ i aseal@scribed below:

Table6-7 "Quality" usage instances

QUALITY

0 Xang meetings. In terms @UALIT$oftware projects deliverg X 0
0 Xdévelopirg and providinQUALIT$oftwared X 0

0 Xewscellent enough to ensur@UALITYoroject deliveryd X 0

0 XWe try to ensuréQUALITSolutions by working hand in hard X 0
0 Xall that we do, andQUALITYvork is key for our survival X 0

0 Xwe guarantee our @ntsQUALITYbutputo X 0

0 Xstrive for that to ensuréQUALIT $olutions are delivered X 0

0 XdeliverQUALIT$olutions to the client X 0

0 Xmanager also ensurégUALITtontrold X 0

O Xovganization to ensur@UALIT$tandards are constantly meét X 0

Table6-8 "Agile" usage instances

AGILE

0 X preferAGILEbecause my work is much more focuseX 0

6 Xl bave mostly worked iIAGILR2 NB | YA &l GA2ya GK2dzaK
0 Xwe are a small firm thuAGILEableto deliver at a speed X 0

0 Xalways worked il\GILEsettingso X 0

0 Xwbrking code through thé GILEnodeld X 0

6 Xadds a layer for thGILELINE 2 rSadger@ent X U

0 Xl'am anAGILEand scaled agile advocafeX 0

6 XWe haveadopted AGILEpproach vinere we incrementallR S @St 2 LI «
0 XolOr AGILEprocess has been further optimizédX 0

As mentioned during literature revidgection2.6.4), informed by chain theorgnd aspects of
Aristotelian metaphysics discussed @apter Five (section5.4.1), one could argue that
improving the process by which software projects are exeeutddnanagedould improve

the delivery of quality solutiong hroughout the current thesis, this suggested to be possible
through the adoption and implementation of agile nalagies, practices and technological
tools.Consequentlyadditionalterms which were frequently encountered during conversations

with GZ Consulting Services staff could be exploredutther discuss this possibility.For
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example featured in the top tanty most used terms during analysis of interview transcripts
were wordsncludingiMa nage ment 0, MDPeloicVadesen, 6d40ahd6-11

proceed to give a couple of instances where these terms were used.

Table6-9 "Management" usage instances

MANAGEMENT

O Xnput suggestions. ProjettANAGEMENTools with timelined X 0

0 Xpwojections. QualityANAGEMENTE a tool with longevityd X 0

0 Xakes this up wititMANAGEMENTh the organization to ensurgX 0

0 Xsomeone in a senidANAGEMENTole, who take) X 0

0 Xubavailable thus senidd ANAGEMENTmust step ind X 0

0 XWhatever best project/ANAGEMENTeal time client servicé X 0
0 Xfarmal projectMANAGEMEN@pproach becausé X 0

0 Xspecific projetMANAGEMENTmethodology. | am forced X 0

O Xapproach to projecMANAGEMENihvolves implanting process X 0
o0 Xfar the agile project$/ANAGEMENThat interactsdé X 0

0 Xgsue tracking and proje6iANAGEMENTGIt: The project teand X 0

Table6-10"Process" usage instances

PROCESS

0 Xféedback for the developmemROCES®e find that it takes too long X (
0 Xnvolves impdmenting PROCE&Sand controls to ensuré X 0

0 Xwe do have a formd@ROCESSedto execute formallyd X 0

0 Xight. As a result, our agilRROCEStas been further optimized X 0

0 Xesting, software buildinPROCESSoftware deployment process X 0

0 Xebsure that the creatio’ROCE SXecuted fastep X 0

Table6-11"Deliver" usage instances

DELIVER

0 Xassigned their tasks arigELIVEEhem on timed X 0
0 Xwie DELIVERtrategic solution® X 0

0 Xable toDELIVERuality solutions to the cliend X 0
0 Xable toDELIVERt a speed X 0
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0 Xaghieve all of these andELIVEREN all the project® X 0
0 Xyou know they will be able tDELIVER quality software projecd X 0
0 Ximplemented in order tdELIVERBur product much fasteé X 0

The termfiMa n a g e mvasnpgredominantly used to debe the handling of software
engineering projects at the firm by project leadershipe term was used in this manner by
both project leadership and software engineering staff memlmeosie instance it referred

an exchange with the researcher abaw lthe firm could better deal with delivering quality
solutions by leveragingractices from Quality Assurance and Quality Management. Most
often, the term was used in the context of software projectpmpelct management as a

practice at large.

fiProces® wasmostly used to describe the activitae®d actions executed by staff in the context
of producings ol ut i ons dur i Degl ipwaorae mainsverbwempldyed by
participants in expressing their emphasis on pingidjuality software artefacia a timely
manner to their customeBefore moving on to preseabservational insights gatteetduring
data collection,hlie next sectioproceeds to arief synthesis oinformation retrieved during

semistructured interviews at this stage.

6.2.4 Semi-structured interviews summary

The first step of collecting data for this reseam¥yolved conducting interviews in a semi

formal manner with selected GZ Consulting Services staff. Both engineering, management and
project leadership functions were involved hmese exchanges with the researcldter
biographical information was retrievatig interviewer sat with participants at their workplace

and went about trying to establish if a bias could be perceived towards agile practices in genera.
For exampleafterdetermining & u b j levelof@xperience in software projectsne of the
guestions asked was f or Doubuaptererdworking nmpabilpr f or mu
traditional SDLC settings? Caiio upderstandolwe as e €
participants perceived the notion of quality in their organizatmother question which was

put to them for instance, was formulatgdhilarly to the following:filn terms ofdelivering

products to your customers/hat are your expectatiorss stakeholder? Ho does GZCS
ensure their c ust oThesewerd essentially the kech dipersefidede d ? 0
guestions put to participants. The next section proceeds to discuss insights emerging from these

exchanges.
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Key recurring terms emerging from interview tiscrifds revolved aroungroject, team, client,

work, qualityandagile.

The most apparent piece of insight seemed to show a direct correlation bisteveamber of
declaredyearsexperiencedn agile environmentsby participants and theenthusiasm or
apprehension with agile practices. Most employees interviewed seemed to view agile in a
positive lightand found theusage of agile practices effective at the firfihe analysis of
interview transcripts seemed to show tiparticipantsviewed good communiation and
effectiveteam collaboratio with a client centric approach as the most appropriate manner to
ensure the delivery of qualisplutions in context of agile projecio furthergain insight into
information retrieved during the data collectiomdings emerging from observing day to day

activitiesat GZ Consulting Services are presented.next

6.3 Observing agile processes

Underpinned by an Activity Theory centred perspect®eapter- i v mrapasedconceptual

frameworkidentifiedthekey activities b be observed:

1 Engineering related activities (Software/DevOps)
1 Agile projects management related activities (Stapd meetings, ChatOps

communicationskanban board managemesit).

These activitiesare essentiallgncompassed bgroject processes in @angineering setting
They are additionally subject to adaptations for specific needarandften customized and

customizedo G Z C Se@odving organisational needs.

During interactions with GZ Consulting Services senior staff, it appeared that thisweas a
understood and adopted by management. Some Project leaders explained for instance that
although their principal project management
leveraged Kanban functionality and not necessarily other agile featuieh as Epicsr
Themesin following sectionof ChapterSix, a discussion on observatiavisstaff during day

to day activitiedollows. Theseobservations conductezmbncernagile processes executed at

GZ Consulting Services prior and postthe IS groyjop e 6 s i mumldriegiine caseatudy o n
conducted for this thesis

Subsequent portions of the research observational process hence illustrate a use case where

project team members i nteract with the org
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Atlass i and s JI RA; t he sour ce code management

application: Slack and the central automation build and deployment system: Jenkins.
The following sequence of described events occurred between August and September 2017

6.3.1 GZCSSoftware Project inception pre-implementation: Leadership perspective

During the current specific use case, observations of a GZ Consulting Services project leader
tasked with managing a new business initiative is conductedirshstaff membepobserved

is identified asfiPM10 andis responsible for driving a new time management improvement
process supported kifie JIRAcorporate web portalAfter strategic meetings with relevant
executives and operational stafM1 proceeds to login to the corporate JIRA potta

formalize the new time management system initiative.

¢ liraSoftware System dashboard
B Dashboards
[ Projects Introduction " Assigned to Me
Issues and Filters W9lcome tOJIRA T Key Summary P
‘ , Not sure where to start? Check out the Jira 101 quide [J GANINT6  Solution architecture document t
l:l Jira settings . L.
and Atlassian training course.
[ GANIEVAL-62 Explore the use of Amazon APl Gateway +
[ You can customize this text in the Administration section.
ﬂ B NMP-14 Create/ Design high level infrastrucuture t

architecture

B 1aC15 Action Ganlnt Solution architecture design foron T
premise and Cloud deployments

GANIEVAL-68 AWS Api Gateway investigation +

0 we-27 Nodes based docker image to be created to be T
used by weia_profiling

0 1ac-16 AWS 1AM ConFfiguration for all ganizani €S technical T
team

0 a7 Naming all servers with identifiable name using 1
DNS

0 1Ac¢18 Consolidate all our AWS Accounts, users, roles, T

permissions, and ¥PCs

[ MAYDIVE-3  Configure emails and hosting details T

1-100f 32 1234,

Figure6.4 GZCS JIRA Home page

From the home pag&M1 went on to create a JIRA Projecteddct for the new business
initiative in question:
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Create project
¢

Name

Time Management Project Initiativel

Template

Agility Change
= Manage a software project with this easy,
i simplified board - Suits teams that are new to

agile

0 This template is part of the new Jira experience,
which is growing in power every day. Learn more

Access

IE Open (recommended) v

> Advanced

Cancel

Figure 6.5 Jira Project Creation

After creation of the initial project artefact, JIRA generated twoitars: a generic strategic
roadmap as well as an overall Kanban like board to improve visualisation attihigies to

be completed for this new initiative

On the road map artefa@M1 createcan agile epic with the first key items deemed necessary
for project initiation including activities such as determining epic and user stories scopes; then
on the JIRAdefault Kanban board, more specific itengxessaryo run agileprojects such as
resources scoping, infrastructure design, prototype developmegaidentified. These first

activitiesareillustrated as below

160



Business Project.

Somare ot Roadmap &0 & share
- Status v Today Months v
& Roadmap

Board
m Epic SEP oct NOV DEC
[y Additem
Determine Epic and stories Scope _
£X  Project settings
Establish Review Commitee O
+

Give feedback

@ ‘Learnmore

Figure6.6 Jira Project Road Map

Bi Project...
WG« ppboard

[ 23
Epic GROUPEY  None
S? Roadmap a t L pe v v
[ Board
TODO 3 INPROGRESS 3 DONE 1 +
D Add item
£¥  Project settings Draw up resources requirements Get Exco approvals CGather core requirements for new
Timesheet Interface
BPP-2 BPP-3
v BPP-1
System Architecture Infrastructure diagrams
4 Give feedback +
BPP-4 BPP-8
o Learn more
Test cases draw up Build NOSQL poc
BPPS eers ()
u +

Figure6.7 GZCS Project Kanban Board Artefact

PM1 wasable to from this point on, to drill down into specific activities on the Kanban board,
assign them to projettam members and enquire on progress during stanmdeetings and
scrum sessions. Task statuses can be updated
been createdbOonderbetlthe ATO

161



0 8er-9

Build NOSQL poc Status

InProgress v
T o - |

Assignee
Add a description...

C Carlos Pambo

Activity Comments v
Labels

" Add a comment... None
T

Reporter

Q Joe

Created 28 seconds ago

Updated 28 seconds ago

Figure6.8 Creation and assignment of JIRA activity

Typically, aftera task is issued and assgito a project team member, outside of stapd
meetings and scrum sessions, the engineering workflow is completely transpBRidat Tthe
project resource to whotis task has been allocated in this scenario will typically receive

some sort of notification via his or her corporate email account or ChatOps interface.

In the next section hence, Chapséx proceeds to describe how the proogashandled from

anen neer 0s point once a task request has bee

6.3.2 GZCSSoftware Project execution pre-implementation: Engineering viewpoint

As discussed during théhird chapter of this thesigsection 3.1.5), in enhanced agile
environments, engineering teams engagedreducing the expectational gaps between
engineering and operations opt for the adoption of DevOps and related the technological tools.

Consequently, organisations are increasingly relying on ChatOps.

ChatOps tools are very attractive to agile teantsibge they enhance DevOps by improving
communication between engineering staff and project leadership. They help organisations
achieve this by increasing visibilifpr each project. This toolingnablesall team members
seeactivities actioned by colleaga and hence provides a clear view of what is occurring
across environments through a concise and direct ch@luogiperi 2017, (8).
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At GZCS, the main communication mechanism teams engage in for ChatOps is an application
recently acquired by Atlassian called Slack. The system has been configured to send

notificationswhen tickets are created on JIRA.

Following the scenario descal in sectior6.3.1, the use case discussion follows from the
point where an engineerDBYD treeacne i mermdb ear niod e nft

the JIRA project management portal via a customized Slack instant messaging channel.

Build NOSQL poc
s Priority
spiritualfuel Medium
fac
trainingforum Today
Direct Messages g\ jra 420 143
ackbot puLas created Story BPP-10rooen
doukson2002 (yol Create new code repository for system
Priority
Medium

[+ 00

Figure6.9 Reception of assigned task via Slack channel

After receiving notifications as depicted above via the Slack interface ch&iél, was
required to navigatéo his corporate JIRA boardTlhis is needetb ascertain dails for the
query, ask for further information if clarification is requiredivork onthe task in questiqror
simply perhaps proceed to update task stitusnable progress tracking by project team and

leadership

Next, DEV1 henceaccessedhe Atlassan portal to get information on the task received as

illustratedfigure 6.10:
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Create new code repository for system Stats

ToDo v
@ Ca (11}
Assignee
Add a description.. _
T peit
Activit Comments v
Y Labels
‘r! PML 51seconds ago None
" Please createa public repo to attract outside contributors
Reporter
Edit - Delete
<

"g Add a comment...

]
Created 1 hour ago

Updated 1 hour ago

Figure6.10 JIRA task examination

From the request transmitted via Slack and depicted in the previous two figENS,upon
further verification on the JIRA project management Kanban hoatdrstoodhat the creation
of a new public codeepository wasequired and that this tasiad beerassigned to him by
PM1.

The organisational standaiar GZ Consulting Services being th#it@mpany source code be
hosted on GITHUB.comDEV1 navigatedo the cloud Source Control Management System
(SCM) online portal for creation of a GIT repository to host source codprdteededo do

S0 as required by the request sent amsuredhatthis GIT artefactwaspublicly accessible.
This project would allow outside contributions unless another requwess later sent by

management to make the project private.
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Create a new repasitory

A repository contains all the files for your project, including the revision history.

Qwner Repository name

¢ e~ [ TimeManagementSystem v
Great repository names are short and memorable. Need inspiration? How about shiny-eureka.
Description (optional)

Project 2 improve employee time management

. Q Public
Anyone can see this repository. You choose wha can commit

Private

You choose wha can see and commit ta this repository.

Initialize this repository with a README
This wil let you immediately clone the repository to your computer. Skip this step if you're importing an existing repository.

Add gitignore: None v Add a license: None v ()

Figure6.11 Creation of new source ae repository on GITHUB.com

The screenshot above illustrates the creation of GIT source code reposidBvViyunder

the GZCS organisation on GITHUB which is accessible on the public domain as requested by
PML1. Figure 6.12epicts options offered by GITHRcom to work withthe createdepository

in  question once SCM arteface have successfully been  created.

“

2] TimeManagementSystem @uUnwatch~ | 3 kStar 0 0

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings

Give access to the people you work with
You should give access to the collaborators and teams you need to work with,

Add teams and collaborators

Quick setup — if you've done this kind of thing before
or HTTPS SSH https://github.com/czcs /TimeManagementSystem.git B

We recommend every repository include a README, LICENSE, and .gitignore.

...0r create a new repository on the command line

echo "# TimeManagementSystem" >> README.md B
git init

git add README.md

git commit -m "first commit"

git remote add origin https://github.com/ &xs /TimeManagementSystem.git

git push -u origin master

Figure6.12 Source code GIT artefact after creation on GITHUB.com
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Although theréhadbeen no clear structiongegardingprogramming languages to be used for
the code repository in questioREV1 could anticipate that regardless the technology stack
decided for this project, theveould be a requirement to provide code building and deployment
facilities down the line. Inrsuch a casdhere araypically two main options available to pro
actively prepare build and deployment activities whach neededas code repositoes are

progressivelypdated:

1 Notify PM1 that a task needs to be created on the JIR&dfor configuration
to be setup so that the code is seamlessly hnitt deployed to required
operational environments such as Development, Quality Assurance or
Production

1 DEV1 could otherwisecreate this taskimself and assign it to a resource

without waiting for PM1 to intervene.

Whenthe first option is chosen, the task assignment workflow redtarh the point where
PM1 would logon to the JIRA portal, create a new ticket for build and deployment activities
and assign it to a new resource which leahen act upon it. If the latter option is selected,
DEV1 can create this ticket by using either JIRA or the work assignment facility provided by
GITHUB.com. Although this can have the disadvantage of not providing immediate visibility
on JIRA if the patal has not been setup accordingly, at GZCS, engineeringhstadfthe
latitude to use either oRuring the use case observ&EV1 opted to create a GITHUB issue

for a colleague whose speciality is the continuategration and deployment (Cl/CBpace

In this scenario, the engineer in question identific@RSDEV1 received a work request from
his colleagueDEV1 to start working on continuous build and deployment workflow for the

source code repositary

Below is an overview of the request receivgd@PSDEV1via GITHUB.com to handle CI

requirements for this scenario:

166



Code @ Issues 1 Pull requests 0 Projects 0 Wiki Insights Settings

Cl project required for this repository G e e |

@ Open opened this issue a minute ago - 0 comments

e DEVI commented a minute ago Member Assignees
OPSDEV1

@opsdev1l please create a Jenkins for this project. Details 2 fallow for specifics on the stack

Labels

None yet
@R &

= Write | Preview MBI O 2
Projects

None yet

<
r

Milestone

No milestone

Attach files by dragging & dropping, selecting them, or pasting from the clipboard.
Notifications

yling with M " Close issue
M Styling with Markdown is supported m o{x Unsubscribe

Figure6.13 GITHUB issue examination

Havingreceivedhe request above witdmittedlyvery little technical detailDPSDEV1was
nonethéess able to at least create a skeleton build and deployment pipeline for the code

repository in question.

To achieve effective CI/CD practices and workflows, agile engineering teams typically
leverage enabling tools to automate code builds asasethteddeploymentdo test, quality
assurance and production environme®sch teams are often attracted to CI/CD because
projects which leverage it have been demonstrated to harbour fewer bugs and not be as error

prone when automated prope(owler 2006, p. 12)

Consequently, engineers nowadays rely on enabling tools &Hailionallyimprovequalty
assurance by creating workflowgich are only completed once unit and integration test cases
are successfully executethis is doneso that appropriate code versions are deployed at the

right time for the right target environmeriaiopperi 2017, p. 3)

As discussed in earlier chapters, Jenkins
enabling toolshatcomprise the primargystems utilised at GZ Consulting Services for CI/CD
activities. For the current use casall that was requireby OPSDEVL1 to attend the task
assignedwas to logon to the Jenkins portal and configure a build project automatically hooked
to thefreshly ceatedGITHUB repositoryby DEV1.
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@ J Enkins search @ login

Jenking

PasSIMOD: foes

Remember me on this computer

Figure6.14 OPSDEV1 Jenkins login portal

Jenkins Al

Enter an item name

| TimeManagementSystemBuild-Deploy-Project

» Required field

AN Freestyle project
This is the central feature of Jenkins. Jenkins will build your project, combining any SCM with any build system, and this can be even
used for something other than software build.

Pipeline
Orchestrates long-running activities that can span multiple build agents. Suitable for building pipelines (formerly known as workflows)
and/or organizing complex activities that do not easily fit in free-style job type.

Maven project
E Build a maven project. Jenkins takes advantage of your POM files and drastically reduces the configuration.

Multi-configuration project

71} Suitable for projects that need a large number of different configurations, such as testing on multiple environments, platform-specific
builds, etc.

If you want to create a new item from other existing, you can use this option:

J Copy from | Type to autocomplete

OK

Figure6.15 Creation of Jenkins build and deploy pipeline
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Jenkins TimeManagementSystemBuild-Deploy-Project

General

[Plain text] Preview

Commit agent's Docker container [ 7]

Run the build inside Docker containers

Define a Docker template

Deploy Now defaults One-Click Deployment '-;_“'
Advanced...

Discard old builds (7]

GitHub project

This project is parameterized ®©

Disable this project (7]

Execute concurrent builds if necessary (7]

Advanced...

Source Code Management

None

* Git

Repositories (7]
&)
Repository URL  https://github.com/ [TimeManagementSystem.git L]

Apply Credentials 2002/ v | o= Ade

Figure6.16 Jenkins build and deploy pipeline configuratidrom GIT SCM

After initial configuration, the Jenkins project depending on whether it was setup with correct
information or not; is able to continuously poll the codepository for changes. In such
occurrences, itancheckout source code, build the selected artefacts and ultimately deploy
them to correct environments specified during configurat®mwing the results of these
builds for the use case observed was niobgrdial. What needs to be noted though is that the
outcome of these builds once triggered was transparent toRddthand DEV1 unless
explicitly configured.Giving them a continuous view and progress updates on the process
would haverequired prior custoipation of communications channels used at GHGSIRA,

Slack as well as GITHUB and email interfacksthe next section, a summarized analysis of

the scenario described during port®8.1 of the current chapter.

6.3.3 Pre-Implementation observational synops is
Conducting datagatheringin the observational phase of this research revolved around

exploring daily tasks of employees during the case study at GZ Consulting Services.

Watching and documenting some of these daily processesomasicted to fit in wh the
identified activities of this thesisdé activi
be observed included engineering (software development and DevOps) as well as project
management related activities (creation of new projects, resoasstggnmentsamongst

others.
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The researcher attempted observation of these activities prior to the implementation of the
proposed agile oriented IS prototypegure6.17illustrates the scenarios observed prior to this

implementation from a leadershipdaengineering viewpoint:

Crn.-:zate Assign
- Jira - Task —

A Project
PN -
- hd

Update o~
Task e ~

Create GIT
- Project
Create GIT
-
Issue

b 4

OPSDEV1 ‘

g

-
Configure
Jenkins

“ Project

>

P

Figure6.17 Prelmplementation scenario observational scenarios

Scenarios observed prior to the research IS prototype concerned three GZ Consulting Services

staff members:

1 A project manager identified &aM1.
1 An engineer focused on the code development space identifizia\ék
1 Anengineer specialized in the Continuous Integration and Deployment space identified

asOPSDEV1

In scenarios observeat this stage, project managers asisfly interacted with engineers via
the corporatdIRA portal for project management related activities. This was done with regards
to tasks suchscreating new business projects based on feedback from customer and executive

requirements, dealing withrgject resources allocation, and assigning tasks to engineers.

In this scenario, foengineers to whom tasks are typically assigned by leadefshgxémple,
PM1 assigned tasks @EV1) via JIRA, interactionsvith their project leader is done upstream
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via the same JIRA portal to update task statuses and ask for clarifications or further information
where requiredNonethelesgpr downstreantommunicatiorio engineering colleagugssage

of other channels such aRA, GIT, Slackandemailwas at timeslso noticedFor instance,

in the use casasbservedDEV1 received a task via one channel (JIRA) and assigned a related
request tdOPSDEV1viaanothersuchas| THUBGs ticketing facility

This situation consideredfrom an engineering and project leaglep perspectiveis not
uncommonfor organisations which have opted to embrace agile and DevOps approaches to
running their projectsWhen embarking on a quest to achieve delivery of quality products to
markets, companies and their project teams neetlades their production lifecycles with
increased levels of automati@@hristofet al. 2016, p. 95)

From the observational data gathered-iprplementation at GZ Consulting Services, it
appeared that despite high usage of agile and DevOps related technology tooling other issues

arose.

In effect notifications where automatically pushed to relevant resources depending on channel
used by requester whether through Slack, JIRA, GIT or plauail; consequentlythere was

still a need to |l ogin and navigate to each s
at certain points of the work assignment chain, some parts of the prosessesding
engineering activities were complstalpaque to project leadershipM1 for instance had no

way to physically ensurthata mundane task such #e creation otode repositoriesvas

executedAs the project went along, it was hence difficult in this scenario to track work velocity

on bug rportsor new features requests atengineering level.

DEV1 from his pointof view, resented the fact thedo much of his time was spent trying to
convince project leadership that some work was already complte@xample of this
occurredduring an agument withPM1 aboutemailssent byother contributorsin thiscase, a
few external engineers complained aboott being able to push code to a rexistent project
repository Having to deal witha visibly upsePM1, DEV1 bemoaned the fact thtitere wa
no way toconvince his colleague beyond a shadow of doubt thatasishad been completed

despite statugpdates on the JIRA Kanban boarttl in verbal form duringcrum sessions.

From a somewhat neutr al obser ntisgcesnaripwasapect i
perceived opacity between leadership and engineering $taff was in factaused by the

apparent lack of integration between systems in use at the firm. In practiicé h t oday o
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modern tools, many activities can be performed iteggojects bypersonnel which need not

be professional engineers or particularly technically giffexnt. basic requirements at project
inceptionstagessuch as creating source code repositprtesould perhaps be preferable that
tasks which could be hdled by a project manager for example not be hampered by false
technical barriersin the creation of code repository during project inception scenario, an
argument could be made thaPiM1 had access to the GIT system, he could have simply run

the commads manually or via th&ITHUB portal to complete this simple taskhe current
research objectives dictated such a manual approach be rather automated so that-even non

technical team members could contribute in soespects

Furthermorethe issue of reble versions of truth arose. Where coBll1 have access to
reliably accurate project information when some items where only visible on other systems

used at GZCS such as Slack, GITHUB or Jenkinsubject matter expefts

These are the kinds of shortcimigs the proposed IS prototype described in Chapiter

needed to address. To this point, the next section proceeds to describe a project implementation
scenario after this thesisd agile oriented
staff.

6.3.4 GZCSSoftware Project inception post-implementation: Leadership perspective
Observationatlata gathered after implementatiohthe proposed IS prototype described in

ChapterrFive follows:

In the firstuse casePM1 needed to initiate a project creatimorkflow from scratch after
having been on onboarded as a systemarséne proposed IS prototypk key objective was

to try ensuringprojectleadership relpnly onthe platform provided for thistudyduring new
projectinception. Some GZ Consulting IS&es project information data was loaded onto the
system to provide an intuitive look and feel for new users; but most information displayed at
this staged was automatically synced from the agile tools in use at the firm to which this IS
prototype integates. To address the problem of having to log on to multiple systems for simple
project inception, therototypelS proposd a workflow which via one centralized hub, could
create all the basics relevant artefacts in JIRA as vgebbrathe GIT source codmntrol

management system.
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GAPM Login Register

Agile Platform
Management

Login

Email address

pm1

We'll never share your email with anyone else.

Password

Forgot Password ?
l Create Account

Figure6.18: GZAgile PM Consolidator login portal

Overview Projects Team

GZCS. :

GZCS Agile Consolidator Platform

Total Projects
GZCS AGILE PM Consolidator Count

8
Recent PI‘OjectS Your Projects Recent Activity
Name T Git Repo Date Created
Event Mgt https://github.com/ / event_management  2017-04-30 12:28:55

Figure6.19: GZ Agile Consolidator Portal home page

After having been authegtted to therototypeportal as depicted in screenshots ab&h1

was directedto his dashboard were basic organisational project information is available to
view. In the use case whereteededo create a new project, a project workfloeededo be

initiated as to generate all relevant artefacts in integrated agile/DevOps systems used at GZ

Consulting Services. The workflowastriggered by clicking the plus button circledried at
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the top right hand of his dashboakdter this, the user was transfed from the maimportal to

the next project creatigpage

GAPM

Add Project

Details

Add Platform

Name

Description

Start Date

End Date

Project Workflow

Sample Project to test new portal workflow]

2017-08-01
2017-12-15

Figure6.20: Basic project information entry

Add Project

Details

Add Platform

Jira Project Key

Jira Project Type Key

Jira Project Lead

Project URL

GitHub Repo
Organization

GitHub Repo Name

PRIWF

Business

PM1

https://

GZCS

project-workflow-repo|

Figure6.21: Successful project creation

In the sceenshots abov@M1 first enteredbasic project information on the portal with details
such as the project name, a description of its purposes as well as the projected start and end

dates for the new endeavour. All the basic informatwasstored inthegp r ot ot ype 6 s
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database. After thiwmasdone,PM1 was directedo the next page where asprompted to
enter further informatiomelated todetails which neestl to be usedand synced across the

organi sationds SCM and pHUBjarel dIRA. management sy

Whendone correctly, both engineering staff as well as project leadevship be on the same

page in termsf possesgng the same information after the inception of new projects. The data
entered at this stageeededto respect third partgystem rules for the creation of relevant

artefacts (for instance, JIRA will not let a user create a project with key which exceeds 8
characters or with a project name already pres®aidation ruleswere consequently built

into the proposed IS protgdye t o ensur e data integrity acr o:
a project is created successfultythis scenaripengineers will typically receive a GITHUB

notification of the code project created in the SCM system as below:

Q X~ = o 29
< [+ | o [} [ ] = -» 3 16 of many < > O
[GitHub] Subscribed to /project-workflow-repo notifications ™ Inboxx = 2
GitHub <noreply@github.com> 2:33 PM (13 days ago) y* g - 0
tome -

Hey there, we're just writing to let you know that you've been automatically subscribed to a repository on GitHub.

Ganizani/project-workflow-repo
nttps://github.com/ Jproject-workflow-repo

You'll receive notifications for all issues, pull requests, and comments that happen inside the repository. If you would like to stop watching this
repository, you can manage your settings here

https //github com/~ ° i/project-workflow-repo/subscription

You can unwatch this repository immediately by clicking here:

https.//github.com!/ 'project-workflow-repo/unsubscribe_via_emaillAHHdS3z120_bCz9RspGBE_hzA0CvXw2ZzksSuggt8gal pZMAJAWIG

You were automatically subscribed because you've been given access to the repository.

Thanks!

4 Reply mp Forward

Figure6.22: GIT SCM success notification

When navigating back to the prototype IS portal, the internal project anedaciow shown

on theGZ Agile central portal:
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GAPM =

Projects
Name ' Start Date End Date Git Repo
Event Mgt 2017-04-27 2017-04-30 https://github.com, g event_management
Evaluate 2017-04-10 2017-03-27 https://github.com, evaluate-web-java
AWS Chatbot 2017-04-22 2017-05-15 https://github.com, g ibot
EssenceAPP 2017-04-22 2017-05-15 https://github.com/C essence_app_ionic
Ganintegrate 2017-04-22 2017-05-15 https://github.com, i integrate
Mutuel Smart 2017-04-22 2017-11-30 https://github.com, i/mutula_smart_apis
WCIA Profiling 2017-04-22 2017-05-15 https://github.com, WCIA_Profiling
L\ProjectW;rk_ﬂav\N\ 2017-08-01 2017-12-15 https://github.com, ii/project-workflow-rep

Figure6.23. GZAgile Consolidator central project page

PMlwastherabl e t o check i f the running the proto
generation of related artefacts in other internal system instances at used GZ Consulting

Services.

m Mobile Platform MP Software ~ PM3

Mutuel Smart MS Software < PM3

NESS Project NMP Software < PM3
&D ?m)ectWoer PRIWF © Business ‘re PM1

“‘-—.,_z—'—"‘-_'_/

m TMusicMan Content Hub TCH Software < PM3

WCIA Profiing WP Software < PM3

Figure6.24: JIRA project artefact generated yZ-AgilePM Consolidator

From the screenshot above, the artefact generated freAgPM Consolidator is circled in

red. The difference between projects synchronised between phnettype central portal and
items created directly through JIRA is the cloud icon next to the project name. This icon
differentiates projects created through the JIRA user interface angérigdapplications like
this studyo6s pr ovenddr grovield Apglicatom Prdgramneng intgréaces
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(APIs). Similarly, engineers subscribed to the organisational GIT repositeerethen also
able to confirm whethahe requestetepository on the SCM system was successfully created

via the IS prototyp portal:

project-workflow-repo @uUnwatch~ 4 #Str 0 0

<> Code ssues 0 Pull requests 0 Projects 0

Quick setup — if you've done this kind of thing before
[)Set up in Desktop |or | HTIPS = SSH  httos project-workflow-reso.git B

recommend every repository include a README. LICENSE. and .gitignore.

...or create a new repository on the command line

ub. com/ /project-workflow-repo.git

...or push an existing repository from the command line

ps://github.com /project-workflow-repo.git B

...or import code from another repository
You can initia epository with code from a Subversion,

nitialize this repository wif rsion, Mercurial. or TFS project

Import code

Figure6.25: SCM project artefact generated bgZ-AgilePM Consolidator

6.3.5 GZCS Software Project execution post-implementation: Engineering viewpoint
Fromanengineering point of viewgt GZ Consultig Servicestasks or requests for bug fixes

and enhancements can be logged through the GIT SCM portal by any employee who has the
correct set of permissions. Software engineers can also get new tickets assigned to them for

additional features and compont®by project managers via the JIRA portal.

Consider the following GIT issue logged on the SCM portal by an engineer identibél/as

for a colleagu®EV3 to ensure a web page is designed for API definitions:
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Provide Rest documentation portal &

(@ Open DEV2  opened this issue an hour ago - 0 comments

E DEV2  commented an hour ago & - Assignees
" DEV3
Draw a page with clear definitions and functionalities explanation
Labels
4 @ DEV2 assigned DEV3anhourago None yet
Projects
E Write | Preview MBi o EEE @RN  Noneyt
Milestone

No milestone

4 | Notifications

Attach files by dragging & dropping, selecting them, or pasting from the clipboard.  Uniabspbe

[ Styling with Markdown is supported Close issue m You're receiving notifications because
you authored the thread.

Figure6.26: Request logged via SCM Portal

Once a staff member be it for project management reasons or the engineer in question logs onto
thecur rent r es dXtootalfted Bavimpeenrtdied efdhe request, he is able to

see the data vith was seamlessly transmitted via internal API calls as below:

v ' '
| Project GitHub Issues
itHub
Comits Shaw 10 v entries Search
Branch
et Tite I Created By Link State [
Ul REQUESL
Isues Provide Rest documentation V2 hitps//qthubcom/t ~/mutula smart_gpisissues/2 ~ open Add Comment
portal
to Github
ki Showing 1t 1f 1 entes Eiport o POF Preous [ Nef

Figure6.27: GZAgilePM Consolidator synchronised data from SCM
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Provide Rest DV htfps/Jgihubcom/ ~ /mutula smrt apisfisues/2 ~ open Add
documentation Comment
nortd

Showing 0.2 of 2 ente Bparti Pious g Net

Figure6.28: New linked ssue triggered via click on comment button

Further related issues can then be creatéda Ao nime nt 0 dirglgnd éenrrddi n k
above ThelS tool subsequently synchronistis dateback to the SCM system as below:

Issue: Provide Rest documentation portal x

Repo:

mutula smart _apis

GZCS

Title:

Provide Rest documentation portal

Body:

Once this is done, please ensure test calls are also available
on the page|

Optional

Close Create Issue

Figure6.29: Creation of new related issue to SCM via IS portal

179



After the page the details are enteiredegard taelatednew work requests, the user clicks on
the ACreate |1 ssueo0 button and i s orpatiamssent ed

correctly synchronised to the cloud Source Control Manage8ystemin GITHUB.

Figure6.30: Successful creation of new issue via portal

Colleaguesarethen able to receiveynchronisedotifications viamessaging communication
channels
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