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ABSTRACT

Poor software quality has far-reaching consequences, including financial losses and
potential risks to life. A significant proportion (92%) of software development is
undertaken by very small to medium-sized software businesses. However, resource
constraints often limit their ability to implement quality standards and methods that could
enhance their product quality. Industrialization, a management concept for cost-effective
production, offers potential solutions. While prior research has explored the
industrialization of software development and quality assurance in large companies, a
gap exists regarding its application in small software businesses. This study aims to
investigate the effectiveness of industrializing the software quality assurance (SQA)

process within small software businesses.

Adopting a qualitative approach with an interpretivist philosophy, inductive methodology,
and exploratory strategy, this study employed semi-structured interviews to collect data.
Participants included software developers and quality assurance representatives from
five small software development businesses located in KwaZulu Natal and Western Cape
provinces, South Africa. The theoretical foundation of this study draws upon Total Quality
Management (TQM) principles and dimensions of industrialization (modularization,
standardization, specialization, automation, and continuous improvement), as developed

by experts during the early and mid-20" century.

The data collected was analysed using thematic analysis with support from Nvivo
software. Results revealed that despite lacking established quality assurance strategies
and process evaluation mechanisms, small software businesses effectively meet
customer needs. Moreover, these businesses exhibit potential for successful
industrialization, particularly focusing on the testing processes. Implications of these
findings include the positive impact on the capacity of small businesses to sustain

themselves within local economies.
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1 CHAPTER 1-INTRODUCTION

"Software is a great combination between artistry and engineering." ~ Bill Gates

1.1 Introduction

Software applications are a product of the software development processes. These
applications vary widely in size and complexity. They range from enterprise resource
management software for global corporates to online shopping applications on your
mobile phone. The scope of software applications extends from usage in the space
industry, to general to-do list applications. It is deployed on supercomputers, to brain
implants and to mobile phones. Software coding encompasses high level languages to
machine level coding. The use of software has become an indispensable part of our lives

with a wide range of uses.

This industry has been considered a relatively young industry and has always searched
for new ways to make the software product less prone to error. Software failures can
range from minor inconveniences to catastrophic loss of finances or life. Generally,
organisations do not pay careful attention to the costs of poor quality and instead focus
on time to market as their primary business performance measure. In a US report Krasner
(2021) said that the total cost of poor quality software in the United States for 2020 was
reported to be $2.08 Trillion. The report concludes that continuing to ignore good quality
in software products will cost organisations much more than assuring good quality into
their products.

As with all industries, there is a need to produce high quality products quickly, flexibly and
cost efficiently. Industrial engineering has provided a means to achieve these goals. A
guide presented by (BITKOM 2010) recommends an industrial approach to software
development based on standardisation, automation, re-use, specialization and
continuous improvement. Greenfield and Short (2003) took the industrialisation of
software development a step further by presenting a conceptual framework for developing
software using industrialised concepts. It is, however, difficult to measure the degree of
implementation of industrialised software development worldwide. It is not the intention
of this study to prove that software development is currently in an industrialised state but
instead, to look at the Software Quality Assurance (SQA) process and its potential for
1



industrialisation. This will provide small businesses with a method to produce software
of high quality using cost effective techniques.

Software Quality Assurance (SQA) is a process or set of activities, which provides a
means to monitor, evaluate and improve the quality of the software process to reduce
failures and inconveniences in the software product. Assuring good software quality is a
challenge for software organisations globally. At the best of times, fully resourced
organisations find managing quality difficult. For software businesses that are small, the
challenge is far greater. Small software businesses are economically vulnerable as they

are driven by cash flow and depend on project profits (O'Connor 2019).

Benefits of cost reduction and improved quality of the product will contribute towards
sustainability of small software businesses. Small software businesses are crucial to the
economy in any country and reducing their costs for producing good quality software
product ultimately help sustain the software development industry.

1.1.1 Rationale of the study

According to (Laporte 2015) about 92% of the software development is carried out by
very small to medium software development. Small organisations are limited in terms of
human and financial resources and often cannot afford the cost of execution of

international ISO and IEC standards for software quality.

One definition of Software Quality Assurance by (Agarwal et al. 2007), explains that SQA
is the “planned and systematic approach to the evaluation of the quality, and adherence
to software product standards, processes and procedures”. Currently, many software
development organisations have defined processes to develop software. They use
methodologies such as Waterfall, Scrum and Agile to develop their products. In their
study, (Vijayasarathy and Butler, 2016), show that the most frequently used methodology
is the Waterfall model, followed by the Agile Unified process and then Scrum and test-

driven methodologies.

The impact of the costs related to developing poor quality software are often not
measured (especially in small businesses) and not included in the budget to develop
software products. Hence organisations are not able to determine and remove the root

causes of these “poor quality” costs and they lead to recurring costs. Managing SQA will
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help these organisations manage and prevent these expenses. Industrialisation provides
appropriate techniques and tools to management, which allow for cost effective

production.

Limited research has been done to determine a path for industrialising the software
development process itself. In recent years research, as documented in the BITKOM
report, BITKOM (2010) describes a process for industrialisation of software development.
But very little has been done with the quality engineering aspect of the software product
and processes other than the work done by (Wieczorek, Vos and Bons 2014). These
authors have, however, focused on large and global software development enterprises.
There is, therefore, a huge chasm between industrialising the software development
process and the industrialising the SQA process in small to medium size enterprises, and
therefore a need to address this topic. This study explores the effectiveness of

industrialising the software quality assurance process in small software organisations.

1.2 Research Background

According to (Del Aguila, Sagrado and Cafiadas 2020), we entered the second age of
our software engineering evolution, from 1993 to 2018, where software engineering
started to be considered an industrial business (the first age being between 1950 to 1992
where hardware resources drove software). Development processes started to emerge.
Frameworks such as CMMI (Capability Maturity Model Integration), adapted from the
manufacturing field, were developed for the software development process (Chaudhary
and Chopra 2017).

Up to the 1960s information system or software development was considered a craft and
developers were craftsman in the software business (Booch 2018). Soon after that the
software development lifecycle (SDLC) was introduced, to bring structure and rigour to
the development process. What started off as an approach to computation has evolved
into a discipline of engineering (Jacobson, Spence and Seidewitz 2016). This discipline
however, is not as mature as other disciplines (Al-Sarayreh, Meridji and Abran 2021). To
emphasise this Baptista and Salles (2012) indicate that the software engineering field is

still experiencing challenges where other engineering disciplines may have overcome.



In the industrial sector, very early in the 20th century, quality assurance was implemented
as an inspection activity, and it was solely the responsibility of the artisan who made the
product. When mass production started, the artisan’s sole inspection responsibility
diminished, and standardisation and inspections became the rule on the factory floor
(Weckenmann, Akkasoglu and Werner 2015). Statistical process control (SPC) was then
introduced to economically control higher manufacturing outputs. Quality assurance
techniques for software also needed to evolve but the evolution was not as
straightforward as with hardware products. Standards were developed to provide a guide
for improved software quality product and processes. To achieve and maintain a desired
level of quality to any product or process a financial measure is necessary. Small
software businesses found difficulty in measuring their costs of assuring quality. Hence
the guide I1SO 29110, (International Standards Organization (ISO) 2016) for small
software businesses was developed.

According to (O’Connor and Laporte 2014), small software businesses make up almost
95% of businesses worldwide. Larrucea et al. (2016) asserts that small and very small
organisations struggle with implementing standards such as those presented by I1SO,
CMMI and IEC and are reluctant to follow any quality improvement processes (Sultana,
Syeed and Fatema 2020). Numerous tools and models to help small businesses have
been proposed by (Sowunmi et al. 2016; Janes, Lenarduzzi and Stan 2017; Yahaya et
al. 2017). However, these authors also recommend future study be undertaken to find

more effective sustainable models.

The notion that the software quality assurance (SQA) process can be industrialised was
raised by (Wieczorek, Vos and Bons 2014) to reduce the overall software production
costs. Industrialisation is associated with the dimensions of modularisation,
standardisation, specialisation, automation and continuous improvement (BITKOM
2010). These dimensions are used by the model presented by Wieczorek, Vos and Bons
(2014). The limitation of this industrialised software quality model, however, is that large
and global industries will benefit from the proposed industrialisation. It is the purpose of
this research study, therefore, to extend the research into small software businesses to

address the gap and hence answer the central research question.



1.3 Research Problem

Poor software quality results in a loss of profit and even loss of life at worst case. The
general business problem is that insufficient focus is placed on the quality assurance of
software products, in the ever-increasing small software business sector. SQA is a
process that occurs in parallel with the software development process. The purpose of
this research is to understand the costs relating to poor quality software and determine if
industrialising the SQA process will reduce these costs for small software businesses and

make its use more effective.

1.4 Research Aim and Objectives

The aim of the study is to determine whether industrialising the SQA process will help
increase the effectiveness of SQA implementation in small software businesses and thus
lead to effective implementation of software quality. The discussion in sections 1.1 to 1.3
above, leads to the formulation of the following central research question which will be
developed further in this study:

Can Industrialisation of the SQA process help improve the effectiveness of SQA

implementation in small software businesses?

To meet the main objective, the following subordinated objectives were found to be

necessary.

e To getrich insights into the factors that affect the effectiveness of the current SQA
processes in small businesses.

e To explore how industrialisation impacts the effectiveness of the SQA processes.
1.4.1 Research Questions

To meet the objective, it is necessary to answer the following sub-questions:

e What costs are incurred by the organisations to achieve their desired quality level?
¢ Do small software development businesses have a defined SQA process in place?
e How effective are the SQA activities in these organisations?

e How could the SQA process be industrialised in its application?

e Will this industrialisation improve the effectiveness of the SQA process?
5



1.4.2 Assumptions and Limitations

To improve the quality and integrity of the research findings and the evidence presented
the authors should report their research assumptions, limitations, and delimitations.
These assumptions, limitations and delimitations will set the context for how this research
is focused (Nenty 2009).

The following assumptions have been made on this research study:

e Participants were honest with their answers during the interviews.

e The participants would willingly share documents of their processes as a secondary
source of data.

e The number of participants selected were sufficient to conduct the research as data

saturation would be reached.

The studies’ limitations include:

e The data obtained during the interviews is limited to the participants experience in
their existing organisation and not to their past experiences.
e The size of the sample may not represent the population.

¢ Information obtained will be limited to the participant organisations only.

The delimitations of this study are:

e This study does not aim to research the industrialisation of the software development
process, only the SQA process.
e Only the software development process is under study and not the associated

hardware integration.



1.5 Research Methodology

1.5.1 Total Quality Management (TQM) as a Framework

Whether software is developed by students in their classes, enthusiasts on open-source
development teams or professional teams, quality of the software they develop must be
addressed. Ensuring quality of software requires that the source code and its interaction
with information technology infrastructure be considered. This will ensure that a quality
system is produced. Software errors and defects can be introduced at each step of the

software development cycle:

According to (Institute of Electrical and Electronic Engineers (IEEE) 2014) , software
quality is “The degree to which a software product meets established requirements;
however, quality depends upon the degree to which those established requirements
accurately represent stakeholder needs, wants, and expectations”. Focusing on the
quality of software products in a holistic, business driven quality approach will help

organizations achieve their best structure for the entire organization.

For this reason, the conceptual framework in this study is based on the following

concepts:

e total quality management (TQM), which encompasses:
o industrialisation of software quality assurance
o the right quality

TQM is an appropriate conceptual framework for this study since, by definition, TQM
describes a management approach to long-term success through customer satisfaction.
In TQM, all members of an organization participate in improving processes, products,
services, and the culture in which they work. This is especially relevant for small

businesses as employees serve multiple roles (Walkinshaw 2017).

TQM provides a systems approach to effective quality management which ultimately
provides stability, growth and business success (Issac, Rajendran and Anantharaman
2004). TQM methods, as in other industries, must apply to the entire software
development not just the development process.(Alamri and AbdulAziz 2016). TQM

adopts an organisational approach to address the supporting issues with regards to



human resources and technical challenges that are likely to be encountered in software
development (Alamri and AbdulAziz 2016).

There are two streams of software quality:

(1) Management of quality associated with the development process (Wieczorek, Vos
and Bons 2014) and
(2) Testing, in terms of the software development model (such as Agile or Waterfall)

This is further accentuated by Sommerville (2016), who states that Quality management
provides an independent check on the software development process. Quality assurance
thereby, checks the project deliverables to ensure that they are consistent with the
organisational standards and goals. Figure 1 below displays the parallel paths between

quality management and software development processes.

Software development
process D1 D2 D3 D4 D5
My ( ' ' >
Quality management
process

[ Yy Y £y £y £y ' 3 >

\: l/ l/ l I lv'/
Standards and Quality - :
procedures plan Quality review reports

Figure 1 - Quality Management and Software Development Processes

Source: Sommerville 2016

For this study, quality criteria will be independent from the development models (such as
Waterfall, Agile, V-model) since a holistic or total approach to quality will be investigated
and the development model forms part of the operational layer of the business. Software
guality assurance is a collective output developed by a team. This implies that all team
members of an organization need to comply to the needs of the product to achieve the
desired quality levels (Wong, Yu and Too 2018).

Wieczorek, Vos and Bons (2014) explain further that focusing on quality issues in a

holistic, business-driven quality approach will help businesses reach an optimal
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performance for the whole business. This emphasises the benefits of TQM in a business
and is only possible if all three levels of a business, strategic, tactical, and operational are

aligned in terms of next step for ensuring and improving quality of the business.

In concluding this conceptual framework, John, Kadadevaramath and Immanuel (2016)
have asserted that there is a positive correlation between TQM implementation and
software quality. This re-affirms that TQM provides a sound and meaningful framework
for this research study.

1.5.2 Overview of research design and methodology

To answer the central research question, it is not necessary to prove that the SQA
industry is currently industrialised but to demonstrate that it can, in the future, be
industrialised. Interpretive philosophy will allow this research study to gather the
information from ‘actors’ in the SQA space and the software development industry. In
this way the researcher can gather information in a natural setting and interpret its results
(Saunders, Lewis and Thornhill 2009).

The research strategy will encompass investigating companies that perform the SQA
function to better understand the nature of the SQA challenges. The task would then
involve analysing this information and formulating a theory (Creswell 2014). This
research will therefore use the inductive approach, where a more informed decision about

the research design can be determined (Saunders, Lewis and Thornhill 2009).

The absence of relevant information on the industrialisation of SQA process from the past
is a justification for using the exploratory method in this study. An exploratory study will
help understand the nature of the pr