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Geospatial information and technologies are widely used in South Africa. Initially, mostly
proprietary geospatial software was used. Today, mature open source alternatives, such as QGIS
and GRASS, are available and have been compared favourably to proprietary products.
Geographic Information Science (GISc) is such a complex and specialised field that, once users
are familiar with certain software products, they might be reluctant to switch to a different or new
product. The aim of this research was to gain an understanding of why certain professionals in the
geospatial industry in South Africa accept and use open source geospatial software, such as
QGIS, and why not. To do this, a wide variety of technology acceptance models was studied and
assessed. The extended unified theory of acceptance and use of technology (UTAUT2) model
was then selected and adapted to test factors that affect the acceptance and use of QGIS in South
Africa. A structured questionnaire was handed out at various meetings of the Geo-Information
Society of South Africa (GISSA) and completed by 205 GISSA members. Results show that habit,
facilitating conditions, price value and social influence have the most significant influence on
behavioural intention to use QGIS. Age and gender had no moderation effect on any of the tested
variables. However, GIS experience moderated the effect of social influence and facilitating
conditions; educational level moderated the effect of price value; and professional registration with
the South African Geomatics Council (SAGC) moderated the effect of both social influence and
price value. Semi-structured interviews with geospatial practitioners from a wide variety of public
and private institutions were then used as a manner to further clarify and explain the results
obtained through the quantitative survey. South Africa is a developing country with limited
resources and significant procurement challenges. Using QGIS can overcome these challenges
and lead to wider use of geospatial information, which is essential for sustainable resource

planning and the effective management of rapid urbanization.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

The importance of geospatial information cannot be overstated. Today, GIS is used and
applied in a variety of fields to address a plethora of needs. A GIS consists of various
components. All the components of this system work together, in order to solve diverse
and complex spatial problems. These components include hardware, software, data,
people and processes. However, when people refer to GIS, they generally refer to the
software component thereof. GIS products are developed and shared as open source or

closed source (proprietary software).

FOSSGIS is used worldwide in a number of countries successfully (QGIS, 2019). In the
international FOSSGIS community much focus is placed on frequent development and
use of the software. An example of this is the international FOSS4G conference that takes

place all over the world annually.

The South African Government supports and encourages the use of Free and Open
Source Software (FOSS) (see Chapter 2, section 2.2.2) and accepted the Proposed Open
Source Software policy for Government (Cabinet Memorandum No. 29 of 2003) (Shields
and Twycross, 2003), initiated by the then Department of Arts and Culture, Science and
Technology and reinforced by the GITO Council (South Africa, 2006). On the Geo-
Information Society of South Africa (GISSA) website, a special interest group for
FOSSGIS exists. FOSSGIS also receives broader support on the African continent in
terms of the OSGeo Africa discussion list which accommodates contemporary discussions
amongst members in Africa. These discussions cover a range of topics, such as technical
matters, arranging meetings, training, advocacy, work opportunities, et cetera. It can
therefore be accepted that a theoretical platform does exist to enable and support the use
of FOSSGIS in South Africa. If that is true, considering the price and the availability of

even the most advanced GIS tools, it begs the question why a larger number of people

are not using the software.Can a personds perception about

their decision to use it?



In information systems (IS) literature numerous studies have tested technology
acceptance with a wide range of other technologies, such as social recommender
systems, mobile apps, mapping apps for tourists, medical laboratory portals, mobile
payments in hotels, learning management software, and others (Oechslein et al., 2014;
Gupta and Dogra, 2017; Fadzil, 2017; Ravangard et al., 2017; Raman and Don, 2013).
The results of these tests show how important the study of technology acceptance is in
different technologies. They show the constant improvement upon these models and
theories (see Chapter 2, section 2.4). They also help determine what the prominent
variables are that affect the acceptance and use of GIS by a user community. They raise
a number of questions, one beingwhethera per sondés perception
can be changed, and if so, which stepsaret o be f ol l owed to cha
about software. Most GIS users in South Africa spend a significant amount of money to
be trained in GIS software. It may take several years for GIS users to be trained and
educated in the use of certain GIS software. Because of the complexity of learning a GIS
system, is it possible that GIS users differ from other software users and will they,
therefore, consider using a software that is unfamiliar to them? Are younger GIS users
more likely to consider using new GIS software? What is the role that GIS education and
gender play in FOSSGIS acceptance? These are some of the questions that ignited this

research.

FOSSGIS has come a long way; from the development of GRASS by the U.S. Army Corps
of Engineers Construction Engineering Research Laboratory (CERL) in Champaign,
lllinois (to provide land management support at military installations), to the magnitude of
tools, algorithms, data structures and applications that exists today (Mitasova and Neteler,
2004). It is used by numerous Geo-Information practitioners worldwide. The many
advantages of FOSSGIS cannot be overstated. The most important of these advantages
for a developing country, such as South Africa, are probably the cost factor as well as
access to more GIS technology/functionality. This access can lead to more innovations in

the Geo-Information Society as well as in the IS field.
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1.2 PROBLEM STATEMENT
1.2.1 Research Problem

South Africa is a developing country which can benefit greatly from the widespread use of
FOSSGIS. Perceptions of GIS users can influence the acceptance of FOSSGIS software
(Donnelly, 2010). The problem is to understand why professionals in the geospatial
industry in South Africa accept and use open source geospatial software, such as QGIS,
and why not (Coetzee et al., 2018). Although studies have been undertaken to understand
the acceptance of GIS (Fasteen, 2016; Alzighaibi et al., 2016; Amade et al., 2018), these
studies looked at GIS in general and not FOSSGIS. FOSSGIS is fundamentally different
due to the nature of its characteristics (see Chapter 2, section 2.2). Responding to this
problem may guide FOSSGIS developers and the FOSSGIS community to improve
perceptions about FOSSGIS and to promote FOSSGIS adoption in South Africa and

elsewhere in the world.
1.2.2 Research Questions

Considering the research problem stated above, the following research questions are
formulated:

a. What are the factors that affect acceptance and use of technologies?

b How may the significance of these factors be tested?

c.  Which factors affect the acceptance and use of QGIS in South Africa?

d. What implications do these factors have on acceptance and use of QGIS in South

Africa?
1.2.3 Research Aim and Objectives

The aim of this study is to understand which factors influence the acceptance and use of

QGIS in South Africa. That will be achieved through the following research objectives:

Objective 1: Determine what factors affect the acceptance and use of technologies
by reviewing possible factors and ways they can be tested.

Objective 2: Determine the significance of these tested factors.



Objective 3: Determine what factors affect the acceptance and use of QGIS in
South Africa by analysing and interpreting the research results.

Objective 4: Determine the implications that these factors have on the acceptance
and use of QGIS in South Africa, by drawing research conclusions and

providing recommendations for further study.

1.3 OVERVIEW OF THE STUDY

1.3.1 Introduction

The study is structured into three main parts. The first part of the study focusses on the
various technology acceptance models, and the selection of an appropriate model to be
used during this study (Chapter 2). The second part of the study deals with the adaptation
and modification of the selected model and its related questionnaires in order to align it
with the FOSSGIS field. It also entails the collection of data (Chapter 3). The final section
focuses on the results of testing for factors that affect the acceptance and use of FOSSGIS
(Chapters 4, 5, 6, 7, 8).

The thesis is organised into eight chapters, as illustrated by Figure 1.1. In Chapter 1 the
research problem and questions are discussed, followed by the research aim and
objectives as well as the contribution of the study. Chapter 2 is a review of literature. Its
main focus is a review of FOSSGIS and technology acceptance models that can be used
for this research. It also discusses some related studies in the field. This chapter
addresses Objective 1. Chapter 3 focusses on the research methodology used throughout
this study. This chapter therefore also explains data collection procedure as well the
analysis of results obtained, which relates to Objectives 2 and 3. It also explains the
adaptation and modification of the UTAUT2 model to suit the need of the FOSSGIS field.
Chapter 4 delivers a detailed interpretation and discussion of the descriptive results, which
again addresses Objective 3. Chapter 5 entails the analysis and interpretation of the
reliability and validity analysis, while Chapter 6 focusses on model analysis as well as
results of moderation (Objectives 2 and 3). Chapter 7 entails qualitative analysis of the
interview data (Objectives 2 and 3). Chapter 8 comprises the conclusion and

recommendations, which address both Objective 3 and 4.
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1.4

CONTRIBUTION OF THE STUDY

This study offers valuable contributions to both the GISc field and the information systems
(1S) field:

a.

The literature review provides an understanding of various technology acceptance
models and their evolution. It therefore contributes to the field of IS by describing
why these models were created and how they evolved over time (Chapter 2, section
2.4).

The literature review also provides a review of FOSSGIS, contributing to the
FOSSGIS body of knowledge (Chapter 2, section 2.2).

This study describes how to adapt the UTAUT2 model to include constructs and
moderators that influence the FOSSGIS environment. The existing UTAUT2 model
was adapted to include source code and software support (constructs) and
education level and SAGC registrations (moderators). The use behaviour (UB)
construct was removed, because this study focused on behavioural intention (BI)
which is also a good overall predictor for actual system use (Mardiana et al., 2015).
This methodological approach is in line with other studies, see Chapter 3, section
3.4 (Morosan and DeFranco, 2016; Oechslein et al., 2014; Alalwan et al., 2015;
Raman and Don, 2013).

This makes a methodological contribution to IS that can be applied in other
institutions, and not only in South Africa, but also elsewhere in the world. The
adapted UTAUT2 model can be used to test FOSSGIS acceptance and use in other
organisations than the one researched, in other parts of the world, and therefore
provides opportunities for wider future research in the IS and the GISc fields
respectively (Chapter 3).

The study proposes an effective measurement of QGIS perceptions amongst
geospatial practitioners in South Africa. The results of applying the adapted UTAUT?2
model identified factors that influence user perception factors, acceptance and use
of FOSSGIS amongst geospatial practitioners in South Africa. These results can

help FOSSGIS developers and the broader GISc community to understand factors

that influence FOSSGIS acceptance. Thisis crucial, gi ven Sout h Afri

the use of FOSS products as well as the current economic situation of this
developing country (economical contribution). The literature review and descriptions

on the adaptation (methodological contribution), and the acceptance and use
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(practical contribution) of UTAUT?2 and the descriptions of FOSSGIS are important
contributions to IS that can be applied in several other institutions not only in the
RSA but also elsewhere in the world. The study therefore makes a theoretical,
economical, practical and methodological contribution to both the GISc field and the
IS field (Chapters 3, 4, 5, 6, 7 and 8).

1.5 CHAPTER SUMMARY AND REMAINING CHAPTERS

This chapter provides an introduction to the research topic. The motivation, problem

statement, research questions, aim and objectives are also discussed.

Chapter 2 presents the literature review. In this chapter a background is given to the terms
FOSS and FOSSGIS and its status in South Africa. Various technology acceptance

models and theories are discussed. This chapter addresses Objective 1.

In Chapter 3, the research methodology is discussed. The research design includes the
research paradigm and the research approach. The reasons for selecting the UTAUT2
are explained. The hypothesis, the data collection process, analysis process as well as
ethical considerations and the limitations of the study are discussed. This chapter explains
the data collection procedure as well the analysis of the results obtained, which relates to
Objectives 2 and 3.

The next chapter (Chapter 4) covers the descriptive data analysis. As a first part of the
analysis process the data management and screening process is addressed. This entails
univariate distribution, handling of missing data and outliers in the data. This addresses
Objective 3.

Chapter 5 focuses on the reliability and validity analysis of the data in this study. Reliability
analysis includes internal consistency and inter-item correlations. During validity analysis,
both Explanatory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) are
conducted. Convergent and discriminate validity respectively are discussed as a vital part

of the CFA process. In doing so, Objectives 2 and 3 are addressed.



During Chapter 6, the structural equation modelling (SEM) analysis process is conducted
and analysed. This includes the measurement model, the structural model and the

moderation analysis. Through these analyses Objectives 2 and 3 are addressed.

In Chapter 7 the results of the qualitative semi-structured interviews are discussed and
analysed. The aim of this chapter is to evaluate and understand the quantitative results
obtained in the previous chapters. It also assesses the behaviour of participants. This

further addressed Objectives 2 and 3.

In Chapter 8, the results of these analyses are explained. Recommendations are made
based on the results. Ideas for further research are shared. It therefore addresses
Objectives 3 and 4.

The study also incorporates the following supportive information:

1  Appendix A is the questionnaire that was used during the quantitative analysis. The
results of these are discussed in Chapters 4, 5, 6 and 8.

1  Appendix B is the instrument that was used for questioning participants during the
semi-structured interviews.

1 Appendix C is the consent form used during the semi-structured interviews
(qualitative phase).

1  Appendix D is the ethical approval letter obtained from the University of Pretoria,
Humanities. Ethical clearance is an integral part of the research process. This is
discussed in section 3.10.

1  Appendix E is the consent form that was filled in by participants in the survey
(quantitative phase). Gaining consent from participants is a crucial part of ethically
responsible research.

i Appendix F is the moderation results that were obtained for the moderator: Age.
Moderation results are discussed in Chapters 6 and 8.

Appendix G is the moderation results that was obtained for the moderator: Gender.
Appendix H is the moderation results that was obtained for the moderator: GIS
experience.

1  Appendix | is the moderation results that was obtained for the moderator:
Educational level.

1  Appendix J is the moderation results that was obtained for the moderator: SAGC

registration.



CHAPTER 2: LITERATURE STUDY

2.1 INTRODUCTION

In the introductory chapter (Chapter 1), the research problem, research questions as well
as the research aim and objectiv200es were discussed. In Chapter 2, the literature study
provides an overview of FOSSGIS. This is important in order to review and discuss
literature related to the research area. However, the main body of this literature study is
devoted to a discussion of the most prominent technology acceptance models in literature.
From this an appropriate model is identified to test FOSSGIS acceptance amongst
geospatial practitioners in South Africa. The chapter concludes with a section on related
research.

2.2 BACKGROUND TO FOSSGIS

This section provides a brief summary of the literature review included in the researcher 0 s

Masters dissertation (Henrico, 2017)?.

2.2.1 Free and Open Source Software (FOSS)

Many GIS and other software users today do not fully comprehend the true meaning of
the acronym Free and Open Source (FOSS). Most think of the word free only in monetary
terms. According to Henrico (2017), it is important to note that it rather refers to the
freedom to access, share and distributea cert ai n soft waccadngtosour c
Stallman (2002), the term free refers to liberty, not price. The main distinguishing factor
between FOSS and proprietary software is the manner in which they are developed and
licensed. Ballardini (2012) states that the development of proprietary software takes place
in a centralized, closed environment where the developer owns it. The developer can
therefore use a number of licensing agreements to limit users' rights. The source code is

not shared.

1 http://hdl.handle.net/2263/60365



Software that claims to be open source must be directed by the terms and conditions of
the Open Source Initiative (OSI). Hall and Leahy (2008) in Henrico (2017) stated that the
model that is being used for the licensing of FOSS software contributes greatly to current
successes obtained. In the 1980s, Stallman developed the GNU General Public License
(Stallman, 2002). The mai n ai m o f waSto protdctrthe mtéllectual warkkof
computer software legislatively. This was done to prevent work from being preserved as
individual property. The term copyleft? is often used to describe this phenomenon (Hall
and Leahy, 2008). According to the Open Source Initiative (2016), as cited by Henrico
(2017), an open source license is a type of license that allows specific software to be
ffreely used, modified and sharedad Such a licence must comply with the open source
definition, if developers want to claim that they are OSI compliant. These licences are
exposed to a formal and public process that reviews licenses in order to check that they
comply with the present community rules and anticipations (Henrico, 2017). Various public
copyright licenses exist that allow developers to freely distribute their work to reputable
others, such as a Creative Commons (CC) license. The CC BY-SA license is often
compared to an open source license, yet it does not currently belong to OSI, and credit
should go to the original developer. In such instances, the condition is that work must be

| i ¢ ens e dlentical ttrensd(Céeative Commons, 2017).

There are many advantages to FOSS stated in literature. These advantages are also true
for FOSSGIS software. According to St Amant et al. (2007, p. 189), ftime, cost and effort,
software evolution, freedom of use, quality of software and advantages to companies and
programmersoare the five categories of FOSS. These points, as summarised by Henrico

(2017), are discussed in the section below.

Time, cost and effort. The fact that the software is developed by global contributors,
significantly lowers development cost. The licensing cost of FOSS products is therefore
usually much less and can therefore save organisations money. Maintenance cost is also

shared between potential users (Ballardini, 2012).

2The mirrored revered ACO0O |l ogo is being used as t

symbol, it does not entail any legal meaning. Source: HALL, G.B. & LEAHY, M.G. 2008. Open source

approaches in spatial data handling, Springer.
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Software evolution. The process of FOSS software development entails the use of a
wide variety of developers in the related field. FOSS therefore makes contributions to the
evolution of software (Scacchi et al., 2006). The development process of FOSS can be
seen as a constant process, whereas the development of proprietary software typically

happens when the new software is released (St Amant et al., 2007).

Freedom of use. The source code of FOSS products can be used, modified and
redistributed. The redistribution can be done in its original or even its modified version
(Hall and Leahy, 2008; St Amant et al., 2007). This essentially means that the users have
the following advantages, as cited by St Amant et al. (2007) and Wheeler (2003) in Henrico
(2017):

1  The user can make specific needs-based modifications.

1 Users can switch between software vendors.

1 Users can get all the latest and multiple upgrades at no additional cost.

1

No single software company controls the whole industry.

Quality of software. The quality of FOSS products is enhanced by it being frequently
peer-reviewed by global developers. These developers can view and also inspect the
particular source code and then offer product improvement suggestions to limit the
number of bugs in the system (Cathedral, 2001; St Amant et al., 2007).

Advantages to companies and programmers. FOSS provides an opportunity to gain
international knowledge from users and programmers. Various companies also get an
opportunity for transnational collaboration. Everyone involved can therefore gain from the
rapid development cycle of FOSS (St Amant et al., 2007).

Despite all the advantages that exist for FOSS, there are also disadvantages (e.g. limited
access to technical support, lack of ownership, insufficient marketing, and lack of
investment in FOSS development). Furthermore, barriers exist to the adoption of FOSS
as software of choice (Nagy et al., 2010). Nagy et al. (2010) noticed five barriers to the
adoption of FOSS in general, as illustrated in Table 2.1 below. They include knowledge
barriers, legacy integration, forking, sunk costs and technological immaturity. Some

proposed remedies were made.
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Table 2.1:

Open Source Barriers and Proposed Remedies

Barrier

Description

Proposed Remedy

Knowledge barriers

Lack of awareness of the availability
or relevance of software.

Lack of technical and business
knowledge needed to adapt and use
FOSS.

Monitoring of open source records,
training of own personnel,
outsourcing of system operation and
maintenance.

Legacy integration

Lack of ability to connect to existing
legacy systems.

Using middleware software
solutions.

Interoperability factors, since open

Self-resolving with the development

Forking source software is written by diverse | of self-managed bodies for
groupings. standardisation.
Contemplating open source in areas
Existing investments made in without proprietary software.
Sunk costs 9 Comparing maintenance costs

proprietary software.

related to proprietary versus open
source software.

Technological immaturity

Lack of professional development in
terms of support variation available.

Use of open source software
maturity models and evaluation of
case studies.

Source: Adapted from Nagy et al. (2010)

Furthermore, barriers can also exist relating to the contributions made to open source

projects. Hannebauer (2016) stated that there could be several barriers when contributing

to open source projects. Some of these include n e wc o munderstanding of the joining

script and slow code reviews. Steinmacher et al. (2016) identified several barriers that

exist to newcomers of open source software and suggested a web portal tool

(FLOSScoach) to overcome contribution barriers. These barriers are newc omer s 0

orientation

, newcomer s o

characteristi

documentation problems, and technical hurdles (Steinmacher et al., 2016).

2.2.2 FOSSGIS

When discussing FOSSGIS, or as it is often referred to T FOSS4G (Free and Open Source

Software for Geospatial)®, it is important to have a brief look at a number of related

aspects, such as where the software originated from, different product types, the Open

Source Geospatial Foundation (OSGeo), and also standards. As mentioned in Chapter 1

(see section 1.1), FOSSGIS is successfully used worldwide, and is also supported and

3 https://wiki.osgeo.org/wiki/FOSS4G
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encouraged by the South African Government. A brief background and overview of
FOSSGIS provide context to the specific open source software used during this study.
The focus of this section is therefore to provide an understanding of FOSSGIS, specifically

QGIS, as the open source software selected for this study.

Origin. The development history of FOSSGIS can be traced back four decades to the late
1970s/early 1980s. Since then, the development and use of FOSSGIS have made big
strides to a point where it is comparable to proprietary software (Henrico, 2017). Ground-
breaking FOSSGIS applications and functions revolutionised the geospatial industry,

which is widely used by both private and public sectors.

Products. According to Mohammed (2014), in recent years the amount of Free and Open

Source software for Geoinformatics (FOSS4G) software continued to rise. Such software

has different purposes or applications, including desktop GIS, Web mapping and mobile

data collection. According to Ramsey (2007) and Dempsey (2016), as cited in Henrico

(2017), there are three tribes of FOSSGIS programming languages:

T TheACod programmi ng IThisniggsaea gsehe mosi natired tribe in
the field of FOSSGIS. They include, among others, GRASS, QGIS, PostGIS and
GDAL/OGR.

1  The Java tribe. GeoTools, Geoserve and OpenMap are some of the open source
GIS found in this particular tribe.

1  The .NET tribe. This group uses .NET as the implementation language. SharpMap

and WorldWind are examples of products in this tribe.

OSGeo. The Open Source Geospatial Foundation (OSGeo) is a non-profit organisation.
Its goal is the promotion and support of the collective development of open source
geospatial software as well as data and related education (OSGeo, 2019a). OSGeo have
a passionate belief that open source software is, arguably, the most efficient way to build

software.
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It is also interesting to note that OSGeo has US 501(c)(4) legal status as a not-for-profit
organization*. OSGeo has the following goals (OSGeo, 2019a):

1 Aprovide resources for foundation projects
1  foster the use of open source geospatial software;

1  encourage interoperability with open and community standards;

1 ensure interoperability between the foundation projects;

1  encourage a high degree of quality and innovation in foundation projects;

1 champion the use of open-source and community participation through the
development of an open education curriculum;

enable communication and cooperation amongst OSGeo communities;

champion community building through horizontal (local chapters) engagement and

through vertical (sector specific) agreements with like-minded organizations;

be a welcoming and inclusive worldwide organization at all levels; and

celebrate excellence, openness and service within the OSGeo community.0

Standards. Standards affect our daily lives in several ways. Standards are generally
beneficial to a society since they can facilitate use and integration of a wide array of
products and technologies and also save costs and lives in the long run (Cooper, 1993).
This is also true for the geospatial industry. Cooper (1993) stated that standards
authorities develop approved standards in different countries. These authorities can in
some cases adopt a current de facto standard as an approved one. In terms of geographic
information science, a number of organisations exist today that ensure the creation and
implementation of standards in this field. These include the International Organization for
Standardization (ISO), the International Hydrographic Organisation (IHO) and the Open
Geospatial Consortium (OGC).

The evolution and future of FOSSGIS. Open source geospatial software dates back to
1978 when Map Overlay and Statistical System (MOSS) was developed by the US
Department of the Interior as a vector-based GIS (Calamito, 2017; OSGeo, 2019b).
However, the early 1980s is perceived by many as the gateway to the development of

open source software packages with the release of Geographic Resources Support

4 fA 501(c)(4) organization is a social welfare organization, such as a civic organization or a neighbourhood

association. 0
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Systems (GRASS) (Coetzee et al., 2020; Donnelly, 2010). GRASS was created for the
US Army Corps of Engineers Resource Laboratory (CERL) in 1982. Management of the
product was later handed over to a non-profit development team that consisted of
researchers from Baylor University, University of Hannover and University of Illinois. It is
still widely used by both scientific and commercial sectors for vector and raster analysis,
processing, modelling and cartography, and paved the way for four decades of evolution

of open source geographic information system (GIS).

The next big milestone in the development of FOSSGIS came in 2002 with the release of
QGIS. QGIS is a complete separate software that consists of various plugins to access
specific functionalities, such as GRASS algorithms, which can be used directly from QGIS.
QGIS is discussed in more detail in section 2.3 of this thesis. In 2006, the Open Source
Geospatial Foundation (OSGeo) was founded to ensure collaboration efforts with regards
to the education and development of open source geospatial technologies and data. The
main goal of projects related to OSGeo were always to ensure interoperability between
the various geospatial technologies available, as well as Open Source Initiative (OSI)
certified licenses. Coetzee et al. (2020) noted that sustainability of open source geospatial
software is dependent on education and training and that the OSGeo community invests
much effort in initiatives that involve the community, especially younger generations. In
line with this, the UN OSGeo Committee challenged geospatial practitioners in 2018 to
develop material for educational purposes (llie et al., 2019). When Coetzee et al. (2020,
p. 18) asked key role players in the international geospatial community, iHow Will Open
Source Geospatial Software Evolve into the Future?0 their answers were generally
positive towards open source geospatial software, and revealed that they expected it to
grow not only in user quantity, but also in terms of the number of software providers. They
also predicted a growth in open data (Coetzee et al., 2020). Coetzee et al. (2020) further
noted several challenges with regards to open source geospatial software and open data.
The biggest was to raise awareness of its potential advantages and to encourage
academia to teach students to reproduce results using a variety of geospatial products.
The openness of software and data makes it vulnerable to possible social challenges in
terms of manipulation and control (Coetzee et al., 2020). Although the use of a specific
GIS product is sometimes mandatory (especially in a workplace situation), geospatial
practitioners should realise the importance of using a variety of geospatial technologies.

They should not focus on only one type, such as either proprietary or FOSS.
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FOSSGIS in South Africa. Besides the initial cost saving benefits FOSSGIS can offer
because there is no licence fee, there are also many other factors that illustrate the
importance of FOSSGIS for South Africa. It gives developers the opportunity to participate
in creating new technologies and functionalities. FOSSGIS gives all South Africans the
opportunity to utilise even the most advanced tools of GIS. GIS can also be introduced
earlier in the education phase (Breetzke et al., 2011). Researchers can also cut on cost
by using FOSSGIS. FOSSGIS gives individuals and companies an opportunity for job
creation by offering courses, support and new business opportunities for GIS practitioners.
There are many advantages to FOSSGIS both from a financial/business perspective and

an educational/research perspective.

Anecdotally, it appears that the adoption of FOSSGIS has been slow in South Africa,
despite its perceived high value and use in other countries. South Africa has had a Policy
on Free and Open Source Software Use for South African Government (South Africa,
2006) for more than a decade, yet this policy is not applied (Meintjies, 2018). Even worse,
the National e-Government Strategy and Roadmap includes open source software in its
glossary, but makes no other mention at all of open source software (South Africa, 2017).
It appears that no survey of free and open source software which covers the whole of
South Africa has been done yet. Chidoori and Van Belle (2018), for example, studied only
eight small organisations in the Western Cape.

Two surveys of the GISc community in South Africa were conducted. The first study by
Coetzee et al. (2014) received completed responses to an online survey from 626 people
of approximately 2 250 registered on the mailing list of the Geo-Information Society of
South Africa. They investigated who the community comprises and what their occupation
entails. Key results include the high number of professionals who switched to GISc later
in their careers, mismatches between GIS knowledge and skills used versus GISc
professional competency requirements, and the low level of professional registration,
hampered in part by both mismatches and career switches. The second study by Coetzee
et al. (2018) received 453 completed responses to a questionnaire distributed at
workshops in all nine provinces of South Africa, at the Geomatics Indaba 2015, and by
email to GISSA members. They assessed the demand for GISc skills and knowledge.
Over 70% of responses came from the provincial workshops, thus proving country-wide

answers. The questionnaire asked about the different platforms used (desktop, server,
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online, etc.), and whether or not they were proprietary or open source. Figure 2.1 shows
the numbers of respondents who use proprietary platforms (custom-built, desktop and/or
server-based), open-source platforms (also custom-built, desktop and/or server-based)
and/or online platforms (virtual globes or online maps). Each respondent could select
more than one platform, hence the number of responses exceeded the number of
respondents. As illustrated, proprietary platforms predominate amongst the frequent and
only users (probably because their organisations prescribe the platforms), whilst open-
source is more common amongst the rare and occasional users (perhaps indicating easier
access to the platforms because of limited number of licences for the proprietary
platforms). About 14% have never used an open-source platform. It was also determined
that the online platforms are used substantially. A study about the acceptance and use of
open source GIS will further explain these and other factors that have an influence on its
use in South Africa.

Figure 2.1: Geospatial Platforms used by Respondents to Questionnaire of
Coetzee et al. (2018)

Other

Online maps

Virtual globes (e.g. Google Earth) ‘ ‘

Server based product (open source)
Server based product (proprietary) W Public

Private

Desktop product (open source)

Desktop product (proprietary)

Custom-built application (open source)

Custom-built application (proprietary)

0% 10% 20% 30% 40% 50% 60% 70%

23 QGIS

QGIS is a popular and regularly used open source GIS that dates to the year 2002 when
it was developed by Gary Sherman (Khan and Mohiuddin, 2018). When first developed, it
was known as Quantum GIS, but its name was changed in the 2013 version (2.0) of the
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software to QGIS. According to Khan and Mohiuddin (2018), the software is available in
42 languages. It is a volunteer-driven project that is also licensed under the GNU General
Public License (see section 2.1.1) and is seen as the @fficial project of the Open Source
Geospatial Foundation (OSGe0)6 QGIS supports a wide variety of data models (such as
vector and raster, etc.) and database types and it can run on Linux, UNIX, Mac OSX,
Windows and Android. This software has a magnitude of core GIS functionalities which
are further expanded with the use of a collection of plugins that can be installed directly
from the Internet using the QGIS Plugin Manager found within the application. The
pyQGIS cookbook has a section on the development of QGIS plugins which contains
tricks and tips on QGIS python programming. Popular plugins are the OpenLayers Plugin,
QuickMapServices, mmqgis, qgis2web and the profile tool. Some exciting new plugins
include the FloodRisk2 and the QGIS Cloud Plugin. The current QGIS version is 3.12 1
B u c u r(se«&Rigure 2.2).

Figure 2.2: QGISversion3.12(Bucur)e kKt i

*\GIS 3.12

Bucuresti

The capabilities of QGIS are always expanding because of the continuous development
of plugins. As part of the open source initiative, the QGIS team welcomes code and
document contributions, bug reports and fixes and provision of support to fellow users.
Software support for QGIS is provided by mailing lists, online videos, manuals and
tutorials as well as a list of companies that offer commercial support for QGIS via their

websites.

QGIS is used and referenced in a many research works (QGIS, 2020). The following
recent research projects serve as examples of projects where a variety of QGIS tools and
plugins were used for problem-solving that relates to a variety of different data types and

analysis techniques. These include a study by Arezo et al. (2020) on the identification of
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potential 'hot spots' of cystic echinococcosis transmission in the province of Rio Negro,
Argentina. In another study by Jakimow et al. (2020), a plugin was developed using QGIS
for the visualization, interpretation and labelling of multi-sensor time-series (TS) data
(Jakimow et al., 2020). Another interesting study was done by (Fang et al., 2019), during

which tectonic geodesy mapping software based on QGIS was developed.

These studies contribute to the application of QGIS in a variety of environments. This
emphasises the benefit that a developing country, like South Africa, can obtain from the
acceptance and use of QGIS.

2.4 VARIOUS TECHNOLOGY ACCEPTANCE MODELS AND THEORIES

Technology adoption is of extreme importance to software developers and software
vendors in any field. GIS in general, FOSSGIS in particular is certainly no exception. Over
the years a number of technology acceptance models have been developed, tested and
applied to a great number of technologies. Other, very useful studies focussed on
reviewing these models. This section provides an overview of some of the most prominent
technology acceptance models. According to a theoretical review of literature done by
Samaradiwakara and Gunawardena (2014), the most popular technology acceptance
models used globally are the TRA, TPB, TAM, TAM2 and UTAUT. An evaluation of these
models is important since the most appropriate model for this study, involving QGIS, must
be selected. Justification for the selection of the UTAUT2 model as the study model, is

stated in Chapter 3, section 3.4.

2.4.1 Diffusion of Innovation Theory (DOI)

According to La Morte (2018), the Diffusion of Innovation (DOI) theory was developed in
1962 by E.M. Rogers. It is one of the oldest theories in the social sciences currently used.
Rogers synthesized over 508 diffusion studies when he developed this theory that
originated in communication (Miller, 2015). It was used to explain how an idea or a product
can gain momentum and spread throughout a social system or a population group. It ends
with the adoption of the idea or product. The key to adoption is that a person must accept

it as innovative.
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It is interesting to note that researchers found that in a particular social system, some
individuals may be more eager to adopt a new idea than others. Therefore, innovation
may not happen simultaneously. It was also found that persons who adopt an innovation
early differ to those persons that adopt an innovation later. La Morte (2018) noted further
that it is crucial t h at the target popul ati onoRogefseat ur
recognised five adopter categories. Most of the population will fall into what is called the
middle categories. It is important that a variety of strategies is used in order to appeal to
the various adopter categories as well as to understand the characteristics of the target
group. The five adopter categories are illustrated below in Figure 2.3 (La Morte, 2018) as:
1 Innovators: This category of people are very interested in new ideas and likes to take
risks. They also like to develop new ideas themselves.

1 Early Adopters: They are referred to as opinion leaders and they are very content

with adopting new notions or ideas. These individuals do not require information in
order to change.

1 Early Majority: Although members of this grouping are not often leaders, they are

still able to adopt the new ideas at a faster pace than the average person. To
convince them you need to share idea successes with them.

1 Late Majority: These people will only give a new technology a try after the vast
majority had tried it. They first want to see others having success with it.

1 Laggards: These conservative individuals are very bound by customs and are
therefore cynical of change. This is the hardest group to change, and one will need

statistics and pressure from others to win them over.

Figure 2.3: Diffusion of Innovation

2.5%
Innovators

Early
Adopters Early Majority Late Majority Laggards
13.5% 34% 4% 16%

Source: La Morte (2018)
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Limitations of this study includes that it works better with adoption of behaviours and not
so well with the termination of behaviours. It takes neither individual resources, nor social

support into account to adopt the innovation (La Morte, 2016).

2.4.2 Theory of Reasonable Action

According to Lai (2017) and (Gefen et al., 2000), the Theory of Reasonable Action is
considered to be a favourite amongst theories about information technology adoption. The
TRA, developed in 1967, is used to forecastp e o p beba¥isur based on their established
behavioural intentions and attitudes (see Figure 2.4). TRA therefore states that the
ulti mate predictor of actual behaviour
behaviour (Fishbein and Ajzen, 1975).

Figure 2.4: TRA

Beliefs and > gt\;[\':r%i
Evaluations .
Behaviour
Behavioural Actual
Intention Behaviour
Normative Believes Subiective /
and Motivation to > J
. Norm

Comply Evaluations

Source: Fishbein and Ajzen (1975)

According to the TRA model, all other factors (referred to as external variables) that can
influence behaviour do so indirectly by
subjective norms. Sheppard et al (1988) performed an in-depth study of this theoryd s
application, and found that the model can produce worthy predictions of choices made by
a person when faced with a number of different alternatives (Sheppard et al., 1988). The
greatest limitation of the TRA is that it only considers deliberate behaviour (Alshehri,
2012).
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2.4.3 Model of PC Utilization (MPCU)

The Model of PC Utilization was based on the Theory of Human Behaviour by Triandis
(2977). In this model a clear distinction was made between the affective and cognitive
components associated when studying attitudes. The MPCU have six constructs, namely:
social factors, complexity, job-fit, long-term consequences, affect towards use and

facilitating conditions (see Figure 2.5).

Figure 2.5: Model of PC Utilisation

Social Factors

Complexity

Job-fit

Long-term
Consequences PC Utilization

Affect towards Use

Facilitating Conditions

Source: Adapted from Thompson et al. (1991)

According to Sharma and Mishra (2014), this theory states that behaviour is determined
by attitudes, social norms, habits and by the anticipated outcomes. The six constructs in
the Model of PC Utilisation are defined in Table 2.2.

Table 2.2: Constructs used in the MPCU

Construct Definition
) "The extent to which an individual believes that using a technology
Job-fit . C
can enhance the performance of his or her job.
Combplexit "The degree to which an innovation is perceived as relatively difficult
plexity to understand and use."
Long-term consequences fOutcomes that have a pay-off in the future."

"Feelings of joy, elation, or pleasure, or depression, disgust,

Affect towards use displeasure, or hate associated by an individual with a particular act."

"Individual's internalization of the reference group's subjective culture,
Social Factors and specific interpersonal agreements that the individual has made
with others, in specific social situations."
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fProvision of support for users of PCs may be one type of facilitating
condition that can influence system utilization."

Facilitating Conditions

Source: Thompson et al. (1991) as cited in Sharma and Mishra (2014, p. 22)

2.4.4 Social Cognitive Theory

Bandura developed this theory in 1986 (Bandura, 1988). According to Sharma and Mishra
(2014), the emphasis of the Social Cognitive Theory (SCT) was on the notion of self-
efficacy (see Figure 2.6). Self-efficacy is defined as assessinga p e r abdity t6 8se a
type of technology to perform a specific task (Compeau and Higgins, 1995). The SCT
stated that the behaviour of the user is determined by the expected outcome of both

personal and performance gains.

Self-efficacy can affect the expected outcome of both of these types. This theory is widely
used in adoption studies and is centred on the believe that there are two conflicting factors
that could influence the behaviour of users. Firstly, the positive impact produced by the
affect factor. This factor relates to the degree to which a person likes the job he or she is
doing. Secondly, the adverse impact that is produced by the anxiety factor. The second
factor relates to fear that a person might experience while performing his job (Sharma and
Mishra, 2014).

Figure 2.6: The Social Cognitive Theory

Personal Factors

Environmental
Influences

Behaviour <€ >

Source: Adapted from Compeau and Higgins (1995)

2.4.5 Motivational Model (MM)

Venkatesh et al. (2003) stated that the motivational model was used and adapted for

several studies. Sharma and Mishra (2014) stated that Davis et al. (1989) applied the
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motivational model in order to understand technology adoption and use. This theory is
centred on the idea that both extrinsic and intrinsic motivations can determine behaviour
of users. Herbert (1976) defined motivation as fthe action to encourage an individual to
achieve specific goalso (as cited in Jen, Lu, et al., 2009, pp. 94). Examples of extrinsic
motivations include pay, promotions or increased job performance. Intrinsic motivations
result in satisfaction for the user when performing a certain activity. Jen et al. (2009) and
Venkatesh and Speier (1999) found that positive moods have a noteworthy short-term
effecton i nternal moti vati on a nwhile negative sméodsthave avi o u
a substantial short and long-term effect on both internal motivationandu s er s 6 behavi

intention.

2.4.6 Theory of Planned Behaviour (TPB)

In 1985, Ajzen (1985) developed the Theory of Planned Behaviour (TPB), see Figure 2.7.
According to Lai (2017), the theory was developed from the Theory of Reasoned Action
(Gefen et al., 2000). The first two factors (attitude and subjective norm) remained the
same as in the TRA. The third factor that was introduced is @erceived control6 It is the
control that users perceive as limiting to their behaviour. People are therefore more likely

to perform certain behaviours if they feel that they will be successful.

Figure 2.7: TPB

Subjective
Norms

Behaviour

Perceived
Behavioural
Control

Source: Lai (2017)
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The TPB was critiqued, since the model failed to explain the variance in the relationship
between intention and behaviour. TPB also did not include demographic variables. The
beliefs behind perceived behaviour control (PBC) is seen as intensified in order to create
a measure for it (Alshehri, 2012). More recently, this theory was criticised by scholars as
ignoringa p e r seeds prier to either engaging or not engaging in a particular action
(Alshehri, 2012). For example, a person might have a positive attitude towards a certain
food and still not order it at the restaurant because he or she is simply not hungry. Some

also believe that the role of emotions on decision-making is also ignored.

2.4.7 Technology Acceptance Model (TAM)

Lai (2017) stated that the Technology Acceptance Model (TAM) was presented by Davis
in 1986 (see Figure 2.8). This model is a modification of the TRA and is specifically
designed to model and test technology acceptance among users of technology. The TAM
model is seen as one of the most cited models in computer sciences today. According to
Samaradiwakara and Gunawardena (2014), the TAM related satisfactorily to the TRA and

TPB. It was found to be easier to use. It provides a rapid, low-cost manner of obtaining

informationabout peopl eds percepti onsThaTAl mdadelstateser t a i

that, when users are offered new technology, the following aspects can have an influence

on their choice about how and when it will be used:

1 Perceived usefulness (PU) i This construct was defined by Fred Davis as fthe
degree to which a person believes that using a particular system would enhance his
or her job performanceod(Davis et al., 1989, p. 985).

1 Perceived ease-of-use (PEOU) i Davis et al. (1989, p. 985) defined this as fthe

degree to which a person believes that using a particular system would be free from

effort. ©
Figure 2.8: TAM
Perceived
Usefulness
External tAtt'tu‘;e Intention to Actual
Variables OVL‘J’Z‘; S Use Usage

Perceived Ease of
Use

Source: Lai (2017); (Davis et al., 1989)
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A personéd6és intention to use a computer
towards the system as well as his or her perception of the usefulness of that system. The
intention to use then serves as a mediator for actual system use. Perceived usefulness
was directly influenced by perceived ease of use. Sun and Zhang (2006) noted that the
major critique about the TAM model was its explanatory power and some inconsistencies
between previous studies. Three different versions of the TAM model exist today, namely
the original TAM, TAM2 and TAM 3.

248 TAM2

The goal of the TAM2 model was to provide an extension on the theory of the original
TAM model. This extension encompassed vital supplementary elements that would
describe perceived usefulness and usage intention in relation to social influence and
cognitive instrumental processes (see Figure 2.9). Another goal was to fully comprehend
how, with increasing user experience with the technology, the effects of these
determinants might change over time (Samaradiwakara and Gunawardena, 2014).
According to the study of Venkatesh and Davis (2000), user acceptance is significantly
influenced by both social influence processes (i.e. subjective norm, voluntariness, and
image) and cognitive instrumental processes (i.e. job relevance, output quality, result

demonstrability, and perceived ease of use).

Figure 2.9: TAM2
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Source: Lai (2017)

26

SYyst e



249 TAM3

The final version of Technology Acceptance Model, TAM3 (see Figure 2.10), was created
by Venkatesh and Bala (2008). The TAM3 model was tested in scenarios based on the

real world of IT applications (Lai, 2017).

Figure 2.10: TAM3
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According to Rondan-Catalufia et al. (2015), TAM3 was extended by the constructs that
precede PEOU. In the TAM3 research model, several constructs were moderated by
experiences. These were perceived ease of use to perceived usefulness, computer
anxiety to perceived ease of use and perceived ease of use to behavioural intention.
Rondan-Catalufia et al. (2015) confirmed that TAM models have been used widely in the
last few decades and have found much support within previously cited literature. Evidence
of its popularity is found in the fact that it is cited more than 4100 times in the Social
Science Citation Index database. Google Scholar also identified more than 17 600 citings
f or Da v i(RoddareQGatalufia ét al., 2015).

2.4.10 Combined TAM and TPB (C-TAM-TPB)

According to Jen et al. (2009), C-TAM-TPB (Figure 2.11) expands on most of the concepts
in TAM which did not include factors of society and control. These factors have a proven
effect on actual behaviour. Two control variables were then added, namely subjective
norms and perceived behaviour. After a review of literature, it was found that perceived
ease of use has a positive influence on perceived usefulness. Perceived usefulness and
perceived ease of use have a positive influence on attitudes. The constructs attitude,
subjective norms and perceived behaviour control had a significant positive effect on

usage behaviour (Chen, 2013).

Figure 2.11: C-TAM-TPB
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Source: Taylor and Todd (1995)

2.4.11 Unified Theory of Acceptance and Use of Technology (UTAUT)

According to Samaradiwakara and Gunawardena (2014), a very significant theoretical
model was proposed by Venkatesh et al. (2003), namely the Unified Theory of Acceptance
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and Use of Technology (UTAUT). This model (see Figure 2.12) synthesized all previous
technology acceptance models into one unified model which comprises four main
determinants of intention and usage (i.e. performance expectancy, effort expectancy,
social influence and facilitating conditions) and also four moderators of vital relationships
(i.e. age, gender, experience and voluntariness of use). In Table 2.3, the link between
constructs used in the original models and UTAUT constructs are indicated (Al Mansoori,
2017).

Table 2.3: Link between Constructs of the Original Models and UTAUT Constructs

Original Model

Construct utilised in the
original model

UTAUT Construct

Theory of Reasoned Action (TRA)

Attitude towards using
technology

Behavioural Intention

Subjective norm

Social Influence

Technology Acceptance Model
(TAM/TAM2)

Perceived usefulness

Performance Expectancy

Perceived ease of use

Effort Expectancy

Subjective norm

Social Influence

Motivational Model (MM)

Extrinsic Motivation

Performance Expectancy

Intrinsic Motivation

Behavioural Intention

Theory of Planned Behaviour
(TPB)

Attitude towards using
technology

Behavioural Intention

Subjective norm

Social Influence

Perceived behavioural control

Facilitating Conditions

Combined TAM and TPB (C-TAM-
TPB)

Perceived usefulness

Performance Expectancy

Attitude towards using
technology

Behavioural Intention

Subjective norm

Social Influence

Perceived behavioural control

Facilitating Conditions

Model of PC Utilisation (MPCU)

Job-fit

Performance Expectancy

Complexity (reversed)

Effort Expectancy

Long-term consequences

Affect towards use

Behavioural Intention

Social factors

Social Influence

Facilitating Conditions

Facilitating Conditions

Diffusion of Innovation Theory
(DOI)

Relative advantage

Performance Expectancy

Ease of use

Effort Expectancy

Result demonstrability

Trialability

Visibility

Image Social Influence
Compatibility Facilitating Conditions

29



Voluntariness Voluntariness

Outcome expectations Performance Expectancy

With no significant influence on

Self-efficacy Behavioural Intention

Social Cognitive Theory (SCT) - -
Affect Behavioural Intention

With no significant influence on
Behavioural Intention

Anxiety

Source: Al Mansoori (2017)

Venkatesh et al. (2003) defined the four main determinants of intention and usage as
follows:

Performance expectancy: This determinant refers to fthe degree to which an individual
believes that using the system wil/| hel
(Venkatesh et al., 2003, p. 447). This construct is indicated as the strongest predictor of
behavioural intention and is significant when measuring both voluntary and mandatory
settings (Venkatesh et al., 2003). According to Al Mansoori (2017), as cited in Venkatesh,
et al., 2003), performance expectancy was developed from five original model constructs
(see Table 2.3). These were perceived usefulness that were originally from the TAM and
the combined TAM-TPB model, extrinsic motivation originally from the MM model, job-fit
from the MPCU model, relative advantage from the IDT (DOI) model, and outcome
expectancy from the SCT model. Performance expectancy was then considered to be the
strongest predictor of behavioural intention (Venkatesh and Davis, 2000; Venkatesh et al.,
2003).

Effort expectancy: This determinant capturestheit he degree of ease a

the use of (Mehkatestset al.t2008,0p. 450). This construct was formulated
through perceived ease of use, which originated from the TAM/TAM2 Models, complexity
from the MPCU Model, and ease of use from the IDT (DOI) model (Venkatesh et al., 2003).
Social influence: This determinant refers to fthe degree to which an individual perceives
that I mportant others believe h@enkatesh sthale
2003, p. 451). This construct was formed by using image from the DOI theory, social
factors from MPCU, subjective norm from TPB, TAM/TAMZ2 and TRA.

Facilitating conditions: This determinant explains fthe degree to which an individual
believes that an organizational and technical infrastructure exists to support use of the
sy st @enkatesh et al., 2003, p. 453). This construct has a direct influence on actual
use. The facilitating conditions construct was formed using perceived behavioural control
from TPB and C-TAM-TPB and facilitating conditions from MPCU (see Table 2.3).
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Figure 2.12: The UTAUT Model

Performance
Expectancy

Effort

Expectancy
Behavioural o Use
Intention .| Behaviour

Social Influence

Facilitating
Conditions

Gender Age Experience Voluntariness
of Use

Source: Lai (2017)

According to Williams et al. (2015), the UTAUT model has been widely used in research

on the adoption and dissemination of technology by researchers conducting studies on

the user's intent and behaviour. The fact that the original article by Venkatesh et al. (2003)
was cited almost 5000 times, is evidence of its scientific popularity. The UTAUT model
was used in a wide range of technologies, by various user groups, with a variety of control
factors (moderators) that include age, gender, experience, voluntariness to use, income,

and education. Inalongitudinals t udy of e mp | cepoktexlndlogntitedJEAUT a n
model could explain variances of 77% in behavioural intention and 52% in technology
usage (Venkatesh et al., 2003).

The relationship among the constructs and moderators in the UTAUT model is illustrated
by Figure 2.13.
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Figure 2.13: The Unified Theory of Acceptance and Use of Technology

Determinants Modifiers Results
Performance >
Expectancy Age Gender >
©
58 =
Effort Age Gender Experience » o= o
Expectancy =5 > o a
= 53
<
Voluntariness of use 3
Social Influence >
Age Experience Gender
Facilitating . _
Conditions Age Experience >

Source: Venkatesh et al. (2003)

The list below (see Table 2.4) specifies the items normally used when the UTAUT model

is applied. The items are usually adapted to fit in with the specific technology being tested.

Table 2.4: Iltems used When Estimating UTAUT

Performance expectancy

U6 I would find the system useful in my job.

RAl Using the system enables me to accomplish tasks more quickly.

RA5 Using the system increases my productivity.

OE7 If I use the system, | will increase my chances of getting a raise.
Effort expectancy

EOU3 My interaction with the system would be clear and understandable.

EOUS It would be easy for me to become skilful at using the system.

EOU6 I would find the system easy to use.

EU4 Learning to operate the system is easy for me.

Attitude toward using technology

Al Using the system is a bad/good idea.
AF1 The system makes work more interesting.
AF2 Working with the system is fun.
Affectl | like working with the system.
Social influence
SN1 People who influence my behaviour think that | should use the system.
SN2 People who are important to me think that | should use the system.
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SF2 The senior management of this business has been helpful in the use of the system.
SF4 In general, the organization has supported the use of the system.

Facilitating conditions

PBC2 I have the resources necessary to use the system.

PBC3 I have the knowledge necessary to use the system.

PBC5 The system is not compatible with other systems | use.

FC3 A specific person (or group) is available for assistance with system difficulties.

Self-efficacy

| could complete a job or task using the system:

SE1 If there was no one around to tell me what to do as | go.
SE4 If I could call someone for help if | got stuck.
SEG6 If 1 had a lot of time to complete the job for which the software was provided.
SE7 If I had just the built-in help facility for assistance.
Anxiety
ANX1 | feel apprehensive about using the system.
ANX2 It scares me to think that | could lose a lot of information using the system by hitting the
wrong key.
ANX3 | hesitate to use the system for fear of making mistakes | cannot correct.
ANX4 The system is somewhat intimidating to me.

Behavioural intention to use the system

BIl | intend to use the system in the next <n> months.
BI2 | predict | would use the system in the next <n> months.
BI3 | plan to use the system in the next <n> months.

Source: Venkatesh et al. (2003)

2.4.12 UTAUT2

According to a review study done by Chang (2012), although UTAUT was widely
accepted, Venkatesh et al. (2003) integrated three additional constructs into the UTAUT
model, namely, hedonic motivation, price value, and habit, expanding UTAUT into
UTAUT2 (see Figure 2.14). The newly suggested extensions in UTAUT2 produced a
much improved explanation of variance (56% to 74%) and technology use (40% to 52%)
(Chang, 2012). Hedonic motivation is defined as the enjoyment that results from using a
technology. This extension demonstrated that hedonic motivation has a significant role to
play when acceptance and use of a technology is determined (Chang, 2012). Price value
is defined as consumers' cognitive trade-off between the observed benefits of the
applications and the monetary cost to use them (Yuan et al.,, 2015). Habit has been
defined as fthe extent to which people tend to perform behaviours automatically because

of learningo(Limayem et al., 2007, p. 705).
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The moderators used in the UTAUT2 model are age, gender, and experience. The model
produced by Venkatesh et al. (2012) states that the impact of hedonic motivation on
behavioural intention is moderated by age, gender, and experience. The effect of price
value was also found to be moderated by age and gender. It had substantial direct and
mediating effects on technology use. Individual differences also had a moderating effect
on it (Chang, 2012).

Figure 2.14: UTAUT2

Performance
Expectancy!
Effort
Expectancy? \
Behavioural 7y > Use
Intention / Behaviour
Social
Influence?
Notes:
Fac"'_t?‘“”% 1. Moderated by age and gender.
Conditions 2. Moderated by age, gender, and
experience.
3. Moderated by age, gender, and
Hedonic experience.
Motivation 4. Effect on use behaviour is
moderated by age and experience.
5.  New relationships are shown as
darker lines.
Price Value
Habit
Age Gender Experience

Source: Adapted from Venkatesh et al. (2003)

Table 2.5 below illustrates the items used when estimating UTAUT2 (Yuan et al., 2015).

Most researchers use a five-point Likert scale to measure the items used in UTAUT.
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Table 2.5: Estimates of Measurement Model, Cr o n lalkpltahMeans, Standard
Deviation
Predictor ltem Unstan_dardlzed SE Stand_ardlzed
Estimate Estimate
. I find __in my daily life. 1.00 0.00 0.75
Uu = 0. 81
Performance _ Using __ helps me to accomplish
expectancy Mean =5.172 things more quickly. 1.10 0.09 0.75
SD=1.234
Using ___increases my productivity. 1.13 0.09 0.84
Learning to use __is easy for me. 1.00 0.00 0.88
O = 0.9 E;;sngasy for me to become skilful at 0.92 0.06 0.69
E;fggctancy Mean = 6,092 I raction with __is clear and
_ y interaction with __is clear an
SD =0.788 understandable. 0.98 0.04 0.89
| find __is easy to use. 1.00 0.04 0.93
People whose opinions | value
O = 0. 9 prefer that | use __. 1.00 0.00 0.82
Social o 1 People who are important to me
influence Mean = 4.027 think that | should use __. 1.20 0.06 0.94
Sb=1.328 People who infl behavi
eople who influence my behaviour
think | should use . 118 0.06 0.93
odont 0 = 0.8 Using __is fun. 1.00 0.00 0.94
edonic _ - . .
motivations I\Sllga_nl—lélégﬂ Using __is enjoyable. 0.93 0.04 0.90
o Using __is very entertaining. 0.83 0.05 0.76
The use of __ has become a habit
U = 0. 81 forme. 1.00 0.00 0.58
Habit Mean =3.497 | | 5m addicted to using __. 1.47 0.13 0.91
SD =1.277
I mustuse . 1.54 0.14 0.90
. ___isreasonably priced. 1.00 0.00 0.78
U = 0. 8]
Price value Mean = 5.430 | — Is agood value for price. 1.49 0.09 0.85
SD =1.183 At the current price, __ provides a 144 0.08 0.94
good value.
- O = 0. 81 :Jz:ve the resources necessary to 1.00 0.00 0.86
conditons. | Mean =633 |t :
SD = 0.907 us:"e € knowledge necessary to 1.01 0.07 0.91
) ][ Ttend to continue using __in 1.00 0.00 0.84
Benaui | g = 0. 9 future.
ehavioura _ . -
intention Mean = 6.309 II_]?Iways trytouse _inmy daily 1.00 0.04 0.98
SD =0.936 Ie.
I will continue to use __ frequently. 1.00 0.04 0.93
SD = standard deviation; SE = standarderror; U = Cr onbachés al pha

Source: Adapted from Yuan et al. (2015)
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2.5 RELATED WORK

In related IS literature about technology acceptance models, a significant number of
theories and models have been developed to test technology acceptance in a wide variety
of fields and technologies (Abdellah et al., 2016; Alshehri, 2012; EI-Masri and Tarhini,
2017; Mohamadali and Garibaldi, 2010; Morosan and DeFranco, 2016; Oye et al., 2012).
This research is significant since it demonstrates the importance of technology

acceptance, perceptions and models for testing perception in a wide variety of fields.

A great number of studies were done using both the UTAUT and UTAUT 2 models (see
Table 2.6). In these studies, a wide range of different technologies were tested. This study
is unique since it will test technology acceptance of FOSSGIS among the Geo-Information

Society of South Africa.

Table 2.6: Examples of UTAUT and UTAUTZ2 applied to Different Software Studies

Study Software Examined How UTAUT Was Used

An application of the UTAUT
model for understanding
student perceptions using
course management
software (Marchewka and
Kostiwa, 2007)

This study described student perceptions of
using Blackboard® by applying the UTAUT
model.

Blackboard

In this study the UTAUT model was used to
examine the strong relationship between the
various constructs of the model. It was found
that for desktop-based computer software,
performance expectancy, effort expectancy,
attitude towards using and facilitating
conditions are significant constructs. Several
moderators (for example gender, age,
experience, educational level, individual
impacts, organizational impacts and
memorability) were used to predict the use of
software. It was subsequently recommended
that future studies involving the UTAUT model
should include other moderators or factors.

User Acceptance of Desktop
Based Computer Software
Using UTAUT Model and
addition of New Moderators
(Sharma and Kumar, 2012)

Desktop based
computer software

The UTAUT model was used to evaluate
user sd ac c e phnaogyadoptmmod
specific CTMS modules of the electronic
Primary Care Research Network (ePCRN)
Clinical Trial Management Framework System.

Adapting the Unified Theory
of Acceptance and Use of
Technology (UTAUT) as a
Tool for Validating User

Needs on the Implementation E-Trial software systems

of e-Trial Software Systems
(Algharibi and Arvanitis,
2011)

The researchers presented modifications on
the key constructs of UTAUT, and also
introduced their own specific moderating
factors.
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Preservice Tea

Acceptance of Learning
Management Software: An
Application of the UTAUT2
Model (Algharibi and
Arvanitis, 2011)

Moodle

This research examined relationships between
the constructsi nf | ue nci npesetvieea
acceptance of Learning Zone (Moodle) in their
respective learning processes. It assessed the

effect of performance expectancy, effort
expectancy, social influence, facilitating

conditions, hedonic motivation and habit on
behavioural intention or intention of usage.

Determinants of acceptance
of ERP software training in
business schools: Empirical
investigation using UTAUT
model (Algharibi and
Arvanitis, 2011)

ERP Software

This research investigated acceptance

determinants of ERP software training by
students in business schools in India, and also
the role of gender and experience differences

of ERP software training under the SAP

University Alliances program.

Individual Taxpayer Intention
to Use Tax Preparation
Software: Examining
Experience, Trust, and
Perceived Risk (Algharibi
and Arvanitis, 2011)

Tax Preparation
Software

The researchers applied the UTAUT model in
the novel context of individual tax preparation.
They introduced additional concepts related to
trust to the UTAUT model, as well as taxing
authority, perceived risk, computing and tax

experience.

A novel evaluation model of
user acceptance of software
technology in healthcare
sector (Mohamadali and
Garibaldi, 2010)

Healthcare Software

This paper used an evaluation model in order
to determine user acceptance of technology

within the healthcare software sector.

Keep using my health apps:
Discover users' perception of
health and fitness apps with
the UTAUT2

model. Telemedicine and e-
Health, 21(9), pp. 735-741
(Yuan et al., 2015).

Health App

This study used the UTAUT2 model to
determine the factors thatpred i c t

user

intention to adopt health and fitness apps.

Factors affecting adoption of
FLOSS ERP system by
SMEs directors and
managers in developing
countries using UTAUT2,
SEM and R. In Information
Science and Technology
(CiSt), 2016 4th IEEE
International Colloquium
on (pp. 25-30). IEEE
(Abdellah et al., 2016).

FLOSS ERP Systems

This paper aimed to understand adoption
issues of FLOSS ERP by SME in Developing
Countries. The UTAUT2 model was used to
determine significance of SME predictors for

both managers and directorséintention to
accept and use FLOSS ERP systems.

Consumer acceptance and
use of information
technology: Adding
consumption theory to
UTAUT2. In Proceedings of
SIGSVC Workshop. Sprouts:
Working Papers on
Information Systems (Vol.
11, No. 157, pp. 11-157)
(Shao and Siponen, 2011).

IT Consumption

The aim of this paper was to indicate that
economic perspectives should be measured

whenanal ysi ng

consumer s

use of information technology. It also indicated
the improved explanatory power provided by
UTAUT2 expanded by including Consumption

theory.
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Factors affecting the
adoption of e-learning
systems in Qatar and USA:
Extending the Unified Theory
of Acceptance and Use of
Technology 2

(UTAUTZ2). Educational
Technology Research and
Development, 65(3), pp. 743-
763 (El-Masri and Tarhini,
2017).

E-learning systems

This study looked at the main factors that
influence or hamper the adoption of e-learning
systems in a developing country such as
(Qatar) and also developed countries (such as
the USA) by university students.

An application of UTAUT2 on
social recommender
systems: Incorporating social
information for performance
expectancy. In System
Sciences (HICSS), 2014 47th
Hawaii International
Conference on (pp. 3297-
3306). IEEE (Oechslein et
al., 2014).

Social Recommender
System

This study utilized UTAUT?2 to investigate user
acceptance of social recommender systems.
These systemsdé at t r aonprovede ne s
because of content personalization and
adaptation to user preferences. Researchers
found that these systems could improve a
recommendati oméhs accur
quantitative study, the UTAUT2 model was
used as a framework.

It's about time: Revisiting
UTAUT?2 to examine
consumer sod int
NFC mobile payments in
hotels. International Journal
of Hospitality

Management, 53, pp. 17-29
(Morosan and DeFranco,
2016).

Near Field
Communication (NFC)
Mobile payments

This study used the UTAUT2 model to build a
model that explains the intention to utilise
NFC-MP in hotels. The research showed that
performance expectancy was the highest
predictor of intentions, while hedonic
motivations, habit, and social influences were
less significant.

Acceptance and usage of
ICT by university
academicians using UTAUT
model: a case study of
university of Port Harcourt
Nigeria. Journal of Emerging
Trends in Computing and
Information Sciences, 3(1),
pp. 81-89 (Oye et al., 2012).

ICT

This study utilised the UTAUT model and
additional TAM constructs to investigate the
acceptance and use of ICT by the University of
Port Harcourt (Unipart).

Although both the UTAUT and UTAUTZ2 models are incorporated into various technology

acceptance studies (see Table 2.6), a number of limitations have been identified.

According to Van Raaij and Schepers (2008), the labelling as well as the grouping of

certain constructs can be problematic since incongruent items were grouped together to

form various single constructs. Furthermore, Van Raaij and Schepers (2008) viewed

UTAUT as less parsimonious than its predecessor, the TAM2 model, since a high variance

was only attainable when examining moderating relationships of at least four variables. Li

(2020) adds that the use of moderators simply to obtain a high variance is redundant.
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2.6 CHAPTER SUMMARY
In this chapter the literature study relevant to the current research was discussed. In the
first section, a brief introduction was given to FOSSGIS. In the latter part of the chapter,

different technology acceptance models and theories were discussed in chronological

order.

The methodological approach to this research study is discussed in the next chapter.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 INTRODUCTION

Howell (2012, p. ixX) mentions that i me t h o diontheoggngral research strategy that
outlines the way in which research is to be undertaken and, among other things, identifies
the methods to be used in it.0These methods, described in the methodology, indicate data
collection methods that will be utilised in the research as well how the results will be
calculated. Kothari (2004, p. 1) states that research in general meansia sear ch f
k nowl eathd)defines research as a fscientific and systematic search for pertinent
i nformati on on Researghenethddalogy, theceforie,coutiines how the
research will be executed and the procedures that will be followed by the researcher when
describing, predicting or explaining occurrences. Furthermore, it provides the researcher

with a strategy for the research that will be performed.

In this chapter, different research paradigms (section 3.2) are discussed, and the
philosophy followed is highlighted. Next, the research design (section 3.3) is outlined by
discussing the various research approaches and methods of reasoning. The section
following that focusses on the research model (section 3.4) and its related hypotheses
(section 3.5). Section 3.6 outlines the data collection methods, namely gquantitative
guestionnaires, qualitative semi-structured interviews and the focus group pilot study that
were conducted. The population and sample group are discussed in section 3.7. Following
that will be a discussion of the quantitative data analysis (section 3.8) and qualitative data
analysis (section 3.9) respectively. The remainder of this chapter explains the researcher
experience, positionality and biases (section 3.10), ethical considerations (3.11) and the

limitations of the study (section 3.12).

3.2 RESEARCH PARADIGM

According to Kivunja and Kuyini (2017), the research paradigm defines the
philosophical orientation of the researcher and has a substantial influence on the
decisions made during the research process. This includes the methodology followed,
as well as the methods used. According to Bajpai (2011), when referring to research

philosophy, one typically refers to the source, nature and development of knowledge.
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Research philosophy is a conviction regarding the way data should be collected, analysed
and used. Different study fields or disciplines may have different research philosophies

but in general a distinction can be made between the following four research philosophies:

Positivism. According to Dudovskiy (2016), positivism is grounded on the notion that
science is the only way to learn about the truth. In positivism studies,t he r esear cher
is often described as one of data collection and interpretation thereof in an objective
manner. The research findings in these types of studies are observable as well as
guantifiable (Collins, 2017). Positivism therefore depends on quantifiable observations
that lead to statistical analyses. Positivism studies further usually follow a deductive
approach to research and are grounded on facts. In this research, a literature study was
done (Chapter 2) that is grounded on facts. Furthermore, statistical analysis (Chapters 4,

5, 6) was done based on quantifiable observations, which relates to positivism.

Realism. According to Saunders et al. (2009), realism is related to scientific enquiry.
Realism is like positivism in the sense that it also assumes a scientific approach when
knowledge is developed (forming theories and hypotheses). It therefore supports data
collection, also the understanding of those data, and aims to obtain explanations from
what we observe (Saunders et al., 2009). Two forms of realism can be distinguished. The
firstis direct realism. According to this type of realism,i what you see i s what
we experience through our senses portrays the world accuratelyo(Saunders et al., 2009,
p. 147). The second is critical realism. Saunders et al. (2009, p. 147) mentions that
cri ti c a lfocuses @anlexpkimng fivhat we see and experience, in terms of the
underlying structures of reality that shape the observable eventso Critical realism is

also well suited to questions that seek to explain outcomes.

The reality is that the research approach is guided by the aim and objectives of the
study. Although various studies exist (see Chapter 2, section 2.5) that examine the
acceptance and use of technology, the adaption of the research model and
environment (by geospatial professionals in South Africa) for testing the acceptance and
use of QGIS makes this study unique. In this study, data was collected in a scientific
manner by using both questionnaires and semi-structured interviews which were

analysed independently and in context.
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In this study, both direct realism T associated with the quantitative approach
(behaviourism), and critical realism i associated with the qualitative approach

(explanatory), were followed.

Interpretivism. According to Saunders et al. (2009), interpretivism highlights the fact
that human beings can be differentiated from physical phenomena since they generate
meanings. Interpretivists are interested in the study of these meanings. They would
therefore like to understand the viewpoints of the subjects observed. The goal of
interpretivism is to generate novel, richer explanations of social worlds and contexts
(Saunders et al., 2009). In this study, viewpoint and meanings were examined via

interviews. Therefore, this research also relates to interpretivism.

Pragmatism. According to Crowther and Lancaster (2012), there are various
techniques that can be utilised to interpret the world, also when doing research.
Therefore, multiple viewpoints must be used in order to create the bigger picture, since
there may be numerous realities. According to Dudovskiy (2016), pragmatics may use a
combination of both positivist and interpretivism positions when performing a single
research according to the nature of the research question. In this research, focus is placed
on the research questions and the answering thereof in a logical and practical manner,

and therefore the study also relates to pragmatism.

The research paradigm for this study is a combination of positivism, realism, interpretivism

and pragmatism, since it draws from all four of these philosophies.

3.3 RESEARCH DESIGN

Research design is an important step when conducting research. A research design must
be formulated in order to lay the groundwork for the study. In the research design, the
various approaches that are used to solve the research problem are stated. The research
design therefore acts as a vital link between the research methodology and research
methods used. It will act as an important aid to resolve the research problem smoothly

and systematically (Rajasekar et al., 2006).
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3.3.1 Research Approaches

According to Creswell and Creswell (2017), in the social sciences, the most common
approaches to research are the qualitative, quantitative and mixed-method research

approaches.

According to Shields and Twycross (2003), quantitative research generally uses numbers,
proportions and statistics and is instrumentalwhenp eopl eds perceptstons o
be measured. In this study, user perceptions about QGIS and (other related aspects) are
tested and entail statistics i therefore quantitative analysis can be considered suitable for
the study (see Table 3.1). Shields and Twycross (2003) further stated that qualitative
analysis is used to find the meaning of an aspect. In this research, practitioners in the
geospatial industry were interviewed in order to achieve a higher understanding of the

results obtained during the quantitative analysis (see section 3.8) of the questionnaires.

Table 3.1: Difference between Qualitative and Quantitative Analysis

Qualitative Quantitative

Is a subjective analysis Is an objective analysis

Is concerned with non-statistical data that cannot

be computed Uses statistics

Is descriptive and explanatory Is non-descriptive

Applies words Uses numbers

Uses reasoning Evaluates evidence

Cannot be graphed Often displays results as tables or graphs
Interprets social interactions Is conclusive

Frequently starts with data collection

Tests hypothesis and provides predictions

Source: Rajasekar et al. (2006)

According to Bergman (2008), the two approaches to research can be complementary to
each other and they must not be seen as mutually exclusive. The two approaches may
therefore be mixed, and this is described as a mixed method research approach. A mixed
method approach was subsequently followed in this research to utilise the benefits of both

the quantitative and qualitative analysis.
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Different types of mixed-method research approaches may be used. The first type of
mixed-method research is the convergent parallel mixed-method approach. In this type of
approach, both quantitative and qualitative research methods are used simultaneously
(Creswell and Clark, 2017).

The second type is the exploratory sequential mixed-method approach. In this type of
approach the researcher first conducts the qualitative research which is then used in order

to develop a measurement instrument for the quantitative analysis (De Vos et al., 2005).

In this research, an explanatory sequential mixed-method approach was followed. This
type of research is performed in two phases (see Figure 3.1). The first phase entails the
collection and the analysis of the quantitative data. The second phase entails the
collection and the analysis of the qualitative data in order to explain and interpret the
findings of the quantitative results (Tashakkori and Teddlie, 2010). The findings of the
guantitative research (see section 3.8) are therefore further explained and interpreted by
means of the qualitative analysis which consisted of interviews for this study. The
advantages of this research approach is that it is easy to implement, since the steps fall
within two distinct phases, and it gives an opportunity to further explore the findings of the
guantitative study (Tashakkori and Teddlie, 2010). Once all analyses were done, an

integrated interpretation follows (Chapter 8).

Figure 3.1: Indicating Explanatory Sequential Mixed-Method Approach

Phase 1: Quantitative

Data Collection & Analysis

Phase 2: Qualitative

Data Collection & Analysis

Source: Adapted from Roller and Lavrakas (2015)
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3.3.2 Methods of Reasoning

Methods of reasoning can be divided into three main types, namely deductive, inductive
and abductive (see Figure 3.2). According to Bloomberg and Volpe (2018), these models
help us to make decisions about how we will use our data. Inductive and deductive
research approaches can complement each other well and are often used together. This
is also the case in this study and therefore both a deductive and an inductive approach to

research were followed.

The deductive research approach examines a well-known theory or phenomenon and
assesses whether the specific theory is valid in specific conditions. This process will begin
with the known theory and lead to a novel hypothesis. The hypothesis is then tested by
challenging it with observations that either lead to its validation, or its rejection (Snieder
and Larner, 2009). In this study, a well-known theory/model was used, which led to certain
hypotheses (see section 3.5). In general, the deductive approach is related to quantitative
research methods as opposed to the inductive approach which is associated with
gualitative research methods. In this this study, quantitative research (statistics) was used

to interpret data collected through questionnaires.

The inductive reasoning process starts with comprehensive observations of the world,
which then leads to more abstract simplifications and concepts (Neuman, 2003).
According to Bloomberg and Volpe (2018), induction refers to data-driven analysis. The
main idea behind it is that the data will lead to theory. Therefore, data can speak for itself.
It is concerned with the generation of a new theory or a new phenomenon that emanates
from the data. In this study, data was collected from both questionnaires and interviews,
and ensuing patterns could be observed, analysed and explained. Also, a theory about
the acceptance and use of QGIS was proposed, which other scholars may test again in

deductive research.

The last approach is the abductive approach. According to Kovacs and Spens (2005), in
this approach, literature knowledge is not compulsory. They argue that the abductive
approach focusses on creativity and intuition in research to develop new knowledge. In
this approach, creativity is the driving force. For them it is important not to be limited by

the rules of deduction and induction, since they are there to establish relations between
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constructs that are already known. In this research, intuition and creativity were used when
new constructs and moderators were introduced to the existing model. Hypotheses were

generated. Therefore, an abductive approach to research was also followed.

Figure 3.2: Research Approaches

Formulation of Hypothesis
as Mathematical Model

Theories DEDUCTION

(Drawing necessary conclusions)

Execution of Model to
Generate Predictions

Generation of Explanatory
Hypathesis

Predictions
ABDUCTION
(Making guesses)
~ INDUCTION
(Inferring generalizations from sampling)
Discovery of Patterns
and Anemolies Assimilation of Predictions &

Data to Evaluate Hypothesis

Observations

From Instruments, Sensors, Recards, Visualizations etc
REALITY

Source: Hassanaly and Raman (2019)

In this research, as stated earlier, deductive, inductive and abductive approaches were
followed. A known theory (the UTAUT2 model) was tested in given circumstances, namely
for QGIS users in South Africa (deductive; quantitative). Qualitative research was
conducted in this study through semi-structured interviews with professional practitioners
within the South African geospatial field. Therefore, an inductive approach was followed.
Based on anecdotal evidence and personal experiences, certain hypotheses were made

and therefore an abductive approach was also followed.

3.4 RESEARCH MODEL

After an extensive review of literature, which included a number of review articles (Chang,
2012; Dillon and Morris, 1996; Dwivedi et al., 2017; Im et al., 2011; Lai, 2017; Lee et al.,
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2003; Samaradiwakara and Gunawardena, 2014; Venkatesh and Bala, 2008; Venkatesh
and Davis, 2000; Venkatesh et al., 2003; Venkatesh et al., 2012; Venkatesh et al., 2016;
Williams et al., 2015; Williams et al., 2011), certain conclusions as well as suggestions
may be made on which model to use when testing the factors that influence the
acceptance and use of QGIS in South Africa. It is clear from the review of literature that
studies regarding technology acceptance are significant. These studies were discussed,
studied and reviewed within a wide variety of study fields (see Chapter 2, section 2.5).
Models and theories that enable researchers to study technology acceptance have also
evolved significantly over the years. A number of useful additions to prior studies, like the

diffusion of innovation, TRA, TAM etc., have been made and elaborately tested.

As stated earlier (Chapter 2), the UTAUT model was an attempt to unify and strengthen
all these different theories. This model has also been elaborately applied and tested with
many different technologies. The UTAUT2 model was developed to add more constructs
to the existing model. The extensions greatly improved the UTAUT model and led to a
significant improvement in the variance explained by behavioural intention and technology
use (Chang, 2012). It is, however, clear from a review of literature that in many of these
studies the UTAUT or UTAUT2 model was adapted to suit specific environments
(Morosan and DeFranco, 2016). Researchers augmented the model by removing or
adding certain constructs or moderators from the original model in order to capture

aspects related to a specific technology.

GIS, and more specifically QGIS, has a number of unique characteristics that make it
different from other technologies previously tested. Some of these characteristics include
the fact that the software is available free of cost and that the source code is freely
available. Software (vendor) support and software specific training are also important
considerations for use. The suggestion for this study is therefore to use the UTAUT2
model with adaptations to accommodate the above. The UTAUT2 model will allow for a
clear and comprehensive picture of QGIS user perceptions, as well as a measure of
behavioural intentions and social influences that may guide these perceptions. The model
has often been used in other technologies acceptance studies. Itis thus a well-established

model.
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Another reason for choosing the UTAUT2 model is the strong connection to consumers
and the fact that it includes both price value and a habit construct. Price value is important
when testing QGIS software, since it is free and open source software. This is of particular
significance for a developing country such as South Africa with huge budgetary demands
and expensive developmental imperatives. Since GIS is technical in nature it would be
interesting to explore the relationship between habit and behavioural intention and
whether users would be willing to explore different systems. The UTAUT2 model also has
strong empirical support. A study involving UTAUT2 and QGIS will be thought-provoking.
By the time the article was written, no other studies that involved UTAUT2 and QGIS could

be found.

3.4.1 Constructs of the Adapted UTAUT2 Model

The UTAUT2 model was adapted in order to study QGIS in South Africa. Two new
constructs (source code and software support) as well as two additional moderators
(educational level and SAGC registration) were added to the existing UTAUT2 model (see
section 3.1.4.2). The model was further adapted by removing the use behaviour (UB)
construct. Since not all geospatial practitioners in South Africa are currently using QGIS
as their primary GIS tool, this research did not seek to explain use behaviour (UB) as
depicted in the original UTAUT2 model. This research focussed on explaining the

behavioural intention (Bl) of the geospatial practitioners to use QGIS. As stated by

Mardiana et al. (2015), intentiontouse canbeint er pr et ed as a wuser 6s

a specific technology, in this case, QGIS. Behavioural intention is therefore also seen as
a good overall predictor for actual system use and therefore no other controlling variable
was used in this study. This is in line with other studies that also used behavioural intention
as the only dependent variable (Morosan and DeFranco, 2016; Oechslein et al., 2014;
Alalwan et al., 2015; Raman and Don, 2013). A visual representation of the hypothesized

model appears in Figure 3.3.

3.4.1.1 Original Constructs and Moderators of the UTAUT2 Model

In the following section, the original constructs and moderators of the UTAUT2 model and

their relevance to this study are discussed. The various constructs of the UTAUT model
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developed as a combination of constructs that were previously used in underlying models.

See explanation of previous technology acceptance models in Chapter 2, section 2.4.

Performance Expectancy. Performance expectancy was defined in Chapter 2, section
2.4.11. If GIS practitioners believe that a certain GIS could help them attain better
advances in the workplace, they might favourably consider that system. Examples of
performance expectancy in the GIS field might include tasks such as digitising,
georeferencing, image classification, complex GIS analysis functions and complex
modelling and scripting.

Effort Expectancy. Numerous studies have shown that effort expectancy significantly
influence behavioural intention in technology acceptance (Palau-Saumell et al., 2019;
Alshehri, 2012; Venkatesh et al., 2016). Effort expectancy was defined in Chapter 2,
section 2.4.11. If it becomes too difficult to use a particular technology, users might simply
decide not to use it. In the GIS environment this relates to the user-friendliness of the
system. An example of ease of use could include being able to quickly measure a feature

in the correct unit of measurement.

Social Influence. Social influence was defined in Chapter 2, section 2.4.11. It states the
role that people that we believe to be important to us (like a supervisor, colleague or a
GISc professional) play in on our decision to accept certain software. Interestingly, Morris
and Venkatesh (2000), as cited in Gupta and Dogra (2017), noted that previous literature
indicated that as experience with technology escalates, so social influence reduces over
time. Therefore, the more engages with certain software, the less likely the person is to
be influenced by others to use either that or alternative software. Venkatesh also found
that social influence became more significant when use of a technology was mandated,
as opposed to it being voluntary (Venkatesh et al., 2003). Therefore, if the use of a certain
GIS software product is prescribed by a workplace, social influence will have a more
significant effect on the decision to use a certain software. Venkatesh et al. (2003) also
found that when familiarity with a certain technology increases, the effect of social

influence reduces gradually.

Hedonic Motivation. Hedonic motivation was a novel construct added to the UTAUT?2

model. Hedonic motivation is defined as it h e fpleasureoderived from using a
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t e ¢ h n oVeokgtgsb et al., 2012, p. 161). Venkatesh et al. (2012) argued that intrinsic
utilities (i.e. joy, fun, playfulness, entraining, and enjoyment) indeed play a crucial role to
speed up the adoption of a new technology. In other technology acceptance studies,
hedonic motivation also played a significant role in the acceptance of a technology (Kim
etal., 2007). A possible example of hedonic motivation in the GIS field could be an exciting

new web-based tool that requires minimal effort to operate or a crowd-sourcing initiative.

Price Value. Price value was also a new construct added to the UTAUT2 model. Price
value isdefinedasfic ons umer s 6 coff getwedan the percdivedabenefits of the
applications and t he mo(vuarteaal 2018, p.336). Merkateslu si n g
et al. (2012) stated that consumers were more sensitive to monetary costs than corporate
employees were. The reason for it being the fact that corporate employees largely do not
pay for the technology themselves. Even if the system that a GIS user uses is paid for by
the company, in a developing country like South Africa with strict budgetary limitations, a
GIS software user might often hear that they cannot get access to a specific function since
that extension might be an additional financial burden on the company. Therefore, the
reigning economic state of a country could also play a role when deciding on new GIS
technologies to use. GIS vendor support and cost therefore also play a role when

considering price value of a specific system.

Habit. Habit has been defined as fthe extent to which people tend to perform behaviours
automatically bedimaysneet a.f2007,@a705).iAccarding to Ajzen
(2002), repeating historical behaviour is a key precursor of current action. Kim et al.
(2008), as cited in Gupta and Dogra (2017) agreed that preference to use a certain
technology can be inferred from its use in the past. GIS is such complicated software, that
certain functions often take many repetitions to perfect. A GIS user might therefore be
reluctant to investigate other equally or even better suitable software once the person is
trained on a certain system. This is one of the main reasons why the SAGC also prescribes
evidence of a certain number of hours of GIS work done (experience obtained) before a

person may proceed to the next higher registration level.
Facilitating Conditions. Facilitating conditions were defined in Chapter 2, section 2.4.11.

With regards to GIS software, this factor relates to whether the GIS operator has the

resources and the knowledge to do the GIS tasks. It also refers to the compatibility of the
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product in terms of other geospatial technologies used, as well as compatibility with the
data and geospatial databases used. It therefore refers to interoperability of a system, i.e.
can it handle data from other sources and in different file formats etc., and will the
hardware be able to support the software?

Age. Venkatesh et al. (2003) incorporated age as a moderator in the UTAUT2 model. In

some technology acceptance studies, younger people significantly influenced older

people. I n these studies, younger peopl e wer

60i nf | u(Malleniasretsal, 2007). In the study by Gallego and Bueno (2010a) about the
role of age on FOSS users, it was found that age played a significant role in information
system acceptance. The moderating effect of age on all the various constructs of the

proposed research model will therefore be tested.

Gender. Venkatesh et al. (2003) introduced gender as one of the moderating variables in
order to allow for heterogeneity in observations. It is therefore necessary to investigate if
the gender of geospatial practitioners in South Africa have a moderating effect on any of
the tested constructs.

(GIS) Experience. In the study by Venkatesh et al. (2003), it was found that users with
lower levels of experience favoured technologies that requires less effort and that these
users were more influenced by others socially. Venkatesh et al. (2003) also noted that
people with less experience paid less consideration to facilitating conditions. In other
FOSS user acceptance studies, it was found that user experience was an important
demographic consideration (Gallego and Bueno, 2010b). It is therefore necessary to
investigate the possible moderating effects that experience with GIS can have on the other

constructs of the research model.

3.4.1.2 Additional Constructs and Moderators of the (Adapted) UTAUT2 Model
In the previous section, the original constructs and moderators of the UTAUT2 were
explained. In this section the additional constructs and moderators are discussed. It is

important to understand the intended measurement and goals of each of these factors.
The two additional constructs that were added were source code and software support.
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Source Code. Source code was added as a construct, since it plays such a vital role in
any FOSS product and contributes to the uniqueness of these products. Autonomy for
code modification was identified by Kisanjara and Tossy (2014) as an important
contributing factor in the adoption and use of FOSS in Tanzanian Higher Learning
Institutions. All (GIS) software has source code. However, since the source code of
FOSSGIS is openly shared, it gives developers and users the ability to use, share, develop
and contribute source code to the software. It therefore accelerates the development cycle
of the product, since additional tools etc. can be developed and shared faster. Significant
operational benefits can therefore be attributed to having access to the source code
(Fearnley, 2020). The question is whether this could motivate users to switch to FOSSGIS.
I n order to establish whether source code had
intention, the following items were included in the questionnaire: The fact that the QGIS
source code is openly shared motivates me to use QGIS, | use the QGIS source code to
understand how the software works, | use the QGIS source code to customize the product
for my own purposes, | contribute to QGIS source code to improve the product, and if the

QGIS source code is no longer available, | will stop using QGIS.

Software Support. Because of the technological nature of GIS software, software support
for GIS is deemed very important (Eldrandaly, 2007). According to Eldrandaly (2007),
theoretically, the criteria that are specific to vendors include: support related services, the
costsinvolvedintherenderingof support services, dedrengeery |
in specific products; thevendor 6 s e x p egelevabtmreae thevne ntdhoer 6 s t r ai
capabilities, problem solving capabilities, and the reputation of that vendor. In some cases,
a user might feel that face-to-face support for their GIS queries is needed. Although FOSS
products are freely available and openly shared, some vendors do earn a living from giving
software support for FOSSGIS products. The same is true for QGIS (Kartoza, 2020). In
research done by (Kisanjara and Tossy, 2014), software support was identified as a factor
that influences the adoption and use of FOSS software. However, some GIS practitioners
might feel that support offered bythelint er net i n terms of blogs, Vv
are the only support to which they have access. The following items were included in the
guestionnaire about software support: The software support for QGIS products is good;
The software support for QGIS is expensive; | know who to contact when | need software

support for QGIS; | constantly need face-to-face support for my GIS work projects; The
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software support that the internet offers (blogs, on-line manuals, videos and tutorials etc.)

is more than enough for me.

The two additional moderators that were added are educational level and professional

registration.

Education level. This moderator measures the respondent& higher education level, and

is an important factor in predicting the acceptance of technology by users (Abu-Shanab,

2011), confirmed by Binyamin et al. (2019), who found a positive relationship between
educational level and the use of technologies. If users become more educated, they might

consider using both proprietary and FOSSGIS. Breetzke et al. (2011, p. 5) statethat, i f r o m

an educational standpoint most universities in South Africa offer a GIS degree or include
substanti al GI'S components wi GIfedacatianirSeuthat ed
Africa is a very dynamic field. It is for these reasons that educational level was added as

a moderator when testing the acceptance and use of QGIS.

Professional registration. Professional registration at SAGC was added as a moderator
when testing the acceptance and use of QGIS. Professional registration is based on an
individual 6s knowl edge, competency, experien
within a specific environment (The Institution of Engineering and Technology (IET), 2020).
According to Kim (2009), professionalism, which is an individual factor trait, is an important
determining factor for the acceptance of information technology. In quite a number of GIS
jobs in South Africa, one of the job criteria is to be registered as a GISc practitioner with
the SAGC at a certain level. A professional will consider using a variety of GIS tools, both
proprietary and open source. The South African Geomatics Council (SAGC) was
established in terms of the Geomatics Profession Act 19 of 2013. There are multiple
benefits relating to such a registration in South Africa. The SAGC provides professional
registration in various specialised fields, namely, land surveyor, engineering surveyor,
mining surveyor, photogrammetric surveyor, GISc practitioner and hydrographic surveyor.
Members can apply for registration in one of four categories, which are ranked from lowest
to highest and require specific academic credits (coupled to experience) to qualify for
registration (SAGC, 2020):

1 Candidate (can register any time and once qualification is obtained can apply for

next qualified category);
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1  Technicians (240 credits);
1 Technologists (360 credits); and
1 Professional (480 credits).

Assessments are conducted on each member 6s

field specialists. Members are then either accepted or rejected to a specific category

based on their qualification and experience.

3.5 RESEARCH HYPOTHESIS

In this study, the hypotheses are divided into two main groups. The first set of hypotheses
focuses on the main constructs of the study, while the second set of hypotheses focuses
on the testing of the moderator effects. A visual interpretation of the hypotheses is

illustrated by Figure 3.3.

3.5.1 Set 1: Constructs Hypotheses

In this section, the hypotheses related to the testing of the relationship of the independent

variables of the model (performance expectancy, effort expectancy, social influence,

hedonic motivation, price value, habit, source code, software support and facilitating

conditions) on the dependant variable (behavioural intention) are stated. These variables

were explained in sections 3.4.1.1 and 3.4.1.2. The hypotheses are:

H1: Performance expectancy (PE) has a significant impact on behavioural intention to
use QGIS.

H2: Effort expectancy (EE) has a significant impact on behavioural intention to use QGIS.

H3: Social influence (SI) has a significant impact on behavioural intention to use QGIS.

H4: Hedonic motivation (HM) has a significant impact on behavioural intention to use
QGIS.

H5: Price value (PV) has a significant impact on behavioural intention to use QGIS.

H6: Habit (H) has a significant impact on behavioural intention to use QGIS.

H7: Facilitating conditions (FC) has a significant impact on behavioural intention to use
QGIS.

H8: Source code (SC) has a significant impact on behavioural intention to use QGIS.

H9: Software support (SS) has a significant impact on behavioural intention to use QGIS.
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3.5.2 Set 2: Moderation Hypotheses

The following set of hypotheses are stated to test the effect of particular moderators (see

Chapter 6, section 6.5). This study considers the effect of the moderators as stated in the

original UTAUT2 model (age, gender, experience; see Chapter 2, section 2.4.12) as well

as additional moderators (educational level and SAGC registration, see section 3.4.1.2).

The hypotheses for the moderation are as follows:

H10:

H11:

H12:

H13:

H14:

Age will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on
behavioural intention to use QGIS.

Gender will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on
behavioural intention to use QGIS.

GIS experience will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS
on behavioural intention to use QGIS.

Educational level will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and
SS on behavioural intention to use QGIS.

SAGC registration will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and
SS on behavioural intention to use QGIS.
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Figure 3.3: Adapted UTAUT2 Model for Testing QGIS in SA Indicating Research

Model Hypotheses: Additional constructs and moderators are shaded grey
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3.6 DATA COLLECTION METHODS

Data collection can be defined as a process done to collect information from all

the

applicable sources to find answers to the research problem, to test the hypotheses and

evaluate the outcomes (Dudovskiy, 2016). It is therefore imperative for the researcher to

select the correct data collection methods, since they will contribute towards solving the

research problem. Methods for collecting data can be split into two categories: primary
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and secondary methods of data collection. This study makes use of both primary and

secondary data.

Primary data is defined as data that is directly collected from primary sources through
various methods. These methods include, among others, interviews, surveys and
experiments (Glen, 2018). In this study, primary data is collected by means of
guestionnaires issued to members of GISSA, as well as semi-structured interviews. These

primary sources are discussed below in sections 3.6.1, 3.6.2 and 3.6.3.

Secondary data is not collected by the primary researcher but is assembled from other
research studies, surveys, or experiments (Glen, 2018). In this study, secondary data
were used as part of the literature review in order to compare a variety of technology
acceptance models in order to find an appropriate model to be used during this study. It
also gave a theoretical background on FOSSGIS. In order to conduct the literature review
for this research, a wide variety of accredited and scholarly journal articles, specific books,
subject-specific journals and online sources such as online business journals and
research methodology websites were consulted. The scholarly articles and journals that
were used were accessed from a variety of databases such as ELSEVIER, EbscoHost,
Nexus, Emerald, Pergamon, ProQuest, and via the online library of the University of
Pretoria. Electronic search engines such as Google and Google Scholar were also used
extensively by the researcher.

3.6.1 Quantitative Data Collection through Survey Questionnaires

Surveys are one of the most commonly used tools of data collection. They often apply
checklists or rating scales (Dantzker et al., 2016; Leedy and Ormrod, 2001) to elicit
responses. A checklist may list specific behaviours which are then ticked off by the
participant or the researcher. Rating scales are often employed when information is
needed to test certain behaviours on a continuum, such as a Likert scale. The advantages
of such survey questionnaires include the fact that they can be administered to a large
number of people, they are quicker and cheaper than interviews, and people are more

truthful when answering anonymous questionnaires (Leedy and Ormrod, 2001).
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In this study, a questionnaire (see Appendix A) was designed in order to determine the
factors that influence the behavioural intention of geospatial practitioners in South Africa
to use QGIS. The original questionnaire for the UTAUT2 model (Venkatesh et al., 2012)
was modified and adapted to suit the particular objectives of this study. In this adapted
UTAUT2 model, two additional constructs as well as two additional moderators were
added. The first part of the questionnaire contains demographic questions. They form part
of the moderating variables that were tested. The original moderators (moderating
variables) from the UTAUT2 model were included. They are: age, gender and experience.
Two additional moderators, education level and professional registration at the SAGC,

were added.

The second part of the questionnaire relates to the constructs of the research model. The
original constructs (independent variables) in the model were performance expectancy,
effort expectancy, social influence, facilitating conditions, hedonic motivation, price value
and habit. A discussion and definitions of each of these original constructs can be found
in section 3.4.1.1. The two additional constructs that were added were source code and
software support (see section 3.4.1.2). In this part of the questionnaire all constructs are
measured through a 5-point Likert scale with the options: strongly disagree, disagree,

neutral, agree and strongly agree.

The dependent variable used in this adapted model is behavioural intention.

3.6.2 Qualitative Data Collection through Semi-Structured Interviews

Qualitative collection methods are important tools to evaluate and understand quantitative
results and to assess the behaviour of participants. They therefore serve as a manner to
clarify the results obtained through the quantitative survey. In this research, semi-
structured interviews were utilised as the qualitative collection method. According to
Mathers et al. (1998), semi-structured interviews use a series of open-ended questions or
an interview guide relating to a certain research area or topic. In these types of interviews,
the interviewer can prompt the interviewee to further explore the question. Semi-structured
guestionnaires are useful when the attitudes of participants are measured. It is usually
best to record and later transcribe these types of interviews, since open-ended questions

which require p e ompayeftendivesge © pomadktent from e intedview
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guide used. Advantages of these reliable and comparable types of interviews include the
fact that the interview questions can be prepared beforehand and that they allow

participants to express their viewpoints sincerely (Cohen and Crabtree, July 2006).

Twelve participants were purposely selected to take part in these interviews. They were
chosen to represent geospatial practitioners from a wide variety of state departments, the
private sector and the educational sector. The participants were contacted by the
researcher upon which meetings were scheduled for interviews with them. The
participants were informed of the goals of the study and their rights in terms of
participation. They each completed a consent form before interviews commenced (see
Appendix C). The interview guide (see Appendix B) was used to steer questions to

participants.

3.6.3 Focus Group Pilot Study

A focus group pilot study is a small-scale study that can be done using a demographically
diverse group. Their responses can be studied in order to determine the expected
reactions of a larger population (Dictionary, 1989). A major advantage of such a study is
that research instruments such as surveys, discussion guides or interviews can be tested
in similar conditions (Crossman, 2019). In this research, a pilot study was done in order
to test if any of the questions in the questionnaire were ambiguous or incomprehensible.
Another reason for the pilot was to test the real time it took participants to complete the

guestionnaire, to inform the final questionnaire schedule and anticipated completion time.

The participants were GIS users with different levels of educational background as well
as different levels of GIS knowledge and experience. At the end of the questionnaire open
ended questions were asked about the clarity and inclusion of all questions, as well as
any additional inputs with regards to the improvement of the questionnaire. One such input
from the feedback received was that the term FOSSGIS must be replaced with QGIS,
since most in the field would understand it better. The questionnaire was adjusted
accordingly. Convenient sampling was used to select members of this pilot group since it
provided the researcher an opportunity to easily access basic data trends. The pilot group
consisted of seven geospatial practitioners in the Western Cape who were not part of the

main study group.
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3.7 POPULATION AND SAMPLE GROUP

According to Explorable.com (Nov 15, 2009), there are two types of populations in
research; these are, the target population and the accessible population. The target
population is the entire grouping of objects or individuals that the researcher is interested
in. The target population (or theoretical population) can have or share various
characteristics. However, the r e s e a r cohctusianss are applied to the accessible
population. This population, also known as the study population, is a subset of the target
population. The samples for the research are obtained from the accessible population.

The target population in this study comprised the geospatial professionals in South Africa
and the accessible population those GISSA members willing to participate in the study, to
complete the questionnaire and to take part in the semi-structured interviews. An
advantage of the GISSA grouping is that it consists of a diverse group of geospatial
professionals in South Africa from various governmental and private institutions.
Furthermore, GISc professionals in South Africa who are registered with the SAGC often
attend these GISSA meetings, since they contribute to their required yearly continued

professional development (CPD) points.

3.7.1 Sample Group for Quantitative Surveys

For the quantitative surveys the sample size was 205. When referring to sample size
recommendations, most refer to maximum likelihood (ML) estimation (Schermelleh-Engel
et al., 2003). Kenny et al. (1998) and Schermelleh-Engel et al. (2003) stated that research
related to simulations has proved that reasonable sample sizes for correctly specified
models and multivariate normally distributed data is N = 150 (Muthén and Muthén, 2002)
or N = 200 (Boomsma and Hoogland, 2001). According to Kenny (2015), a sample of N =
200 is considered as the aim for research relating to SEM. The sample size (N = 205) for
this study is therefore suitable.

3.7.2 Sample Group for Qualitative Interviews

Since a small number of participants had to be drawn for the qualitative data collection in

this study, non-probability purposive sampling was used to identify the participants for the
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semi-structured interviews. When this method is used, members of a population are not
chosen randomly by chance procedures. They therefore do not have a known probability
of being included in the sample (Ary et al., 2018). In this study, purposive sampling was
therefore utilised to sample the participants for the interviews since the opinions of
geospatial practitioners from a wide variety of departments, the private sector and the

educational sector were sought.

Purposive sampling is used in situations where the researcher personally and intentionally
chooses a representative sample from the target population for analysis. This sample is
chosen based on specific criteria (Schwester, 2015). The sample size for the qualitative
interviews in this study was twelve. According to Creswell and Poth (2016), semi-
structured interviews require a minimum sample size of between 5 and 25. It is further
argued that an adequate sample size depends on data saturation (Creswell and Creswell,
2017). This is when the researcher has collected enough information and could detect
patterns in the intervi ewe avsulil therefgreconly eonfirme s .
the pattern the researcher had already sensed. A sample size of twelve was therefore

appropriate and sufficient, since data saturation for the purpose of this study was reached.

3.8 QUANTITATIVE DATA ANALYSIS

In this section, the data analysis process used for the quantitative phase of this research
is discussed. The data analysis process followed in this phase of the research can be
divided into four steps (see Figure 3.4). These steps exclude the data analysis of the
gualitative phase which is dealt with in section 3.9. Data collected needed to be checked
for errors and fixed to ensure that the data is clean and ready before further statistical

analyses are performed.
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Figure 3.4: Quantitative Data Analysis Process Followed during this Study
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This is the first step in the data analysis process (see Chapter 4). It entails data screening
and management that consists of assessing the univariate distribution, dealing with
missing data and handling of outliers in the data. Once the data is clean, the rest of the
data analysis process can commence (i.e. steps 2, 3 and 4). Step 2 consists of analysing
the descriptive data (see Chapter 4). During step 3, the reliability and validity of the data
are analysed (see Chapter 5). Step 4 consists of the model analysis and the last step

includes the moderation analysis (Chapter 6).

3.8.1 Step 1: Data Management and Screening

During multivariate analysis we can statistically analyse and interpret more than one
variable at a time. Abdulwahab et al. (2011) stated that data screening is a vital aspect in
any multivariate analysis. It is the basis for any significant outcome from a quantitative
research. The quality of the initial data screening process can determine the quality of the
output analysis. Hair et al. (2006) agreed that this is a time-consuming but an essential
first step in analysis. Hair further noted that there are several advantages to examining
0 n edats before the start of any multivariate analysis. These are:

1 It produces an understanding of the data that you are working with and also a
possible relationship among the variables involved. This can assist greatly when
refining the multivariate model. it can also assist in improving a researcher®
perspective when interpreting the data results.

1 It ensures that analysis data meet all requirements for multivariate analysis.

The main aspects related to data screening are univariate distribution, missing data, and
outliers (Hair et al., 2006).

3811 Univariate Distribution

According to Oppong and Agbedra (2016), a variety of tools (graphical and formal tests)
are accessible for the inspection of the normality assumption. Univariate
normality/distribution can be assessed using graphical or numerical means (Alshehri,
2012; Park, 2015; Hair et al., 2006). These methods can also be descriptive or theory
driven and may complement each other (Seltman, 11 July 2018). See Table 3.2 for

examples of these methods.
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Table 3.2: Graphical and Numerical Methods Inspection Tools

Graphical Methods Numerical Methods
o V Stem-and-leaf plot, (skeletal) V  Skewness
Descriptive box plot V  Kurtosis
V  Histogram
V  Shapiro-Wilk, Shapiro-Francia test
V  Kolmogorov_smirnov test (Lillefors
test)
Theory-driven V' P-P plot V  Anderson_darling/Cramer-von
V. Q-Q plot Mises tests
V  Jarque_Bera test, Skewness-

Kurtosos test

Source: Park (2015)

In this research, skewness and kurtosis were used as the statistical method to inspect the
univariate distribution (see Chapter 4, section 4.3). In a univariate distribution, skewness
measures the lack of symmetry or asymmetry. If kurtosis values are low, it generally
means that there is a lack of outliers in the data. When measuring skewness and kurtosis,
values close to 0 are optimal. However, in order to prove normal univariate distribution,
values between -2 and +2 are considered acceptable and were used as the measure in

this research (George, 2011).

3.8.1.2 Missing Data

Hair et al. (2006, p. 40) states that missing data is fa fact of lifeowhere multivariate analysis
is concerned. The researcher must understand the reasons for the missing data before
an appropriate course of action can be decided upon. Hair et al. (2006) proposes a four
step-process in order to deal with missing data during the analysis process. These steps
were applied during this study and are briefly explained below. The path followed during
this study is shaded in grey (see Figure 3.5).

i Type of missing data (Step 1). The first step entails identifying the type of missing
data that is involved in the study. The question can be asked whether the missing
data was part of the specified research design, whether it was controlled by the
researcher, or whether the roots and the consequences were unknown to the
researcher. The first example is ignorable missing data; this type of missing data is
expected and part of the research design. For this type of missing data, no remedies
are needed or applied. A further validation for treating missing data as ignorable, is

observed data from a randomly selected sample of the entire set of values. The next
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example includes missing data processes that cannot be ignored. These are mostly

due to procedural factors. These include factors such as invalid codes that were

created, restrictions that happened because of disclosure (for example, in census

data), the morbidity of respondent, as well as incomplete questionnaires. When

missing data occurs at random and are non-ignorable, the researcher must proceed

to the next step in dealing with missing data.

Determine the extent of missing data (Step 2). If the extent of missing data does

not warrant further investigation, the data imputation process can then be decided

upon. The extent of the missing data in this study did not warrant further
investigation.

Diagnose the randomness of the missing data (Step 3). This step was skipped

since dNo 6 wha answer to the question in Step 2, whichwas: Al s t he extent
mi ssing data substantial enough to warrant
Select the imputation method (Step 4). During Step 4, the question is asked: Do

you want to use only cases with complete data or use all possible valid data?6 Si nc e
the answer was No, the data application method had to be selected. In this study,

the Acompl et e c as e,siacp the nusainglaia thataves igneesl dr
discarded was less than 10%, which is an acceptable (see Chapter 4, section 4.3)

portion.
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Figure 3.5: A Four-Step Process for Identifying Missing Data and Applying

Remedies
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3.8.1.3 Outliers in Data

An essential next part of data screening is the handling of outliers in the data. Outliers
include any observations that are found to be numerically distant when comparing them
to the rest of the data set (Abdulwahab et al., 2011). Outliers can lower the model fit
(Bellazzi et al., 1998). Bellazzi et al. (1998) stated that outliers are due to a variety of
reasons. These include human error, incorrect data entry, sampling error, or is a result of
the natural variation of the process or the population. In this study, SPSS, boxplots (or box
and whisker plots) based on the inter quartile range (IQR) rule of 3 were used. These are
cases or rows that have values more than three times the height of the boxes (IBM
Knowledge Center, 2019b). Research done by Hoaglin and Iglewicz (1987) stated that the
IQR rule of 1.5 is inaccurate and should therefore be avoided.

No outliers were detected when analysing the research data in this study (see Chapter 4,

section 4.3).
3.8.2 Step 2: Descriptive Data Analysis

Chapter 4 reports on the descriptive statistics of the participants in this survey.
Percentages and frequencies were used to calculate these statistics. The following
aspects were descriptively analysed:

1  Age and gender;

1 Years of GIS and QGIS experience;

1 Educational level; and
1

Professional registration.
3.8.3 Step 3: Reliability and Validity Analysis
Chapter 5 reports on the reliability and validity analysis of the data used in this study.
Reliability. In a model such as the UTAUTZ2, which has many constructs, the testing of
the reliability of the constructs is vital (An et al., 2016; Herrero and San Martin, 2017; Jang

et al., 2016; Maillet et al., 2015; Malik Bader Alazzam et al., 2016). It is important to test if

all the constructs are consistent, stable and accurate. Two measures are performed in this

68



study to establish the reliability of the constructs. These are internal consistency and inter-
item correlations. According to Im et al. (2011), Cr onb dlc hidss used fraquent
construct 6s i nt(metala 2011¢. & measused tbencongistency of results
within items of a specific variable/construct (for example, in this study, all the items in the
performance expectancy (PE) construct). Usually, the agreed minimum value for
Cronbach®3. THé secand part of reliability analysis, inter-item correlations
determines the association between various items in a variable to see if they are related
to each other. Briggs and Cheek (1986) in Pallant (2013) suggested that the Corrected-
Item Total Correlation values should not be less than 0.3. The results are analysed and

explained in Chapter 5 (see section 5.2).

Validity analysis. Is done to test if the data is measuring what the researcher in fact
intended to measure (Field, 2013). When testing validity, content and construct validity
must be tested. It is important to measure the content validity of all the variables in the
adapted UTAUT2 model to see whether the questions in the questionnaire represent the
issue that they were supposed to measure. Construct validity relates to the research
i nstrument 4dtsgiveg wadleart ipdication of the contribution that each
variable/construct made to the outcome. It is based on statistical procedures (Kumar,
2019). The results of the testing of validity are analysed and explained in Chapter 5 (see
section 5.3).

a. Explanatory Factor Analysis (EFA): The goal of explanatory factor analysis is to

reduce the data set to a smaller set of summary variables and also to discover the
underlying theoretical structure of the occurrences. Pallant (2013) suggests that
there are three main steps when conducting factor analysis. The first step is to
assess the datads suitability for fac¢dtor a
and the third step is factor rotation and interpretation. During the first step, the sample
size as well as the strength of the relationship between items must be determined.
During step 2, factor extraction, the smallest number of factors to represent the
interrelationships among variables, must be determined. In the last step, factor
rotation and interpretation can be done as soon as the number of factors had been
determined (Pallant, 2013). The most popular rotation approach is the Varimax
method, which was also used during this study. SPSS Version 25 statistical software
was used to conduct EFA. The two statistical measures that were used to measure

factorability of the variables were the Kaiser-Meyer-Olkin (KMO) measure of
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samplingadequacyand al so Bartl ett 69€05.Batt kebtofSPpH er
Sphericity is done to check for redundancy within variables. For KMO the
recommended minimum value is stated as 0.50 (Field, 2013; IBM Knowledge Center,

2019a). KMO tests are typically done in order to access whether the data in the study

is suitable for factor analysis.

b. Confirmatory Factor Analysis (CFA): Contrary to EFA, which is conducted

to determine what latent variables are behind a set of variables or measures
(Giannoulis, 2019), confirmatory factor analysis is executed to test the hypothesis
made about the variables. CFA also allows us to give a specific metric value to the
latent variable in this study. CFA is therefore the next step that one must perform in
order to confirm the structure of the dataset or the model. Therefore, when
performing CFA, the relationship between the observed variables and the latent
variables is tested and confirmed. Alshehri (2012) stated that convergent and
discriminant validity is a common part of CFA.

I. Convergent Validity: According to Shuttleworth (2019), convergent validity

determines if related measures (items) in constructs are in fact related. In
convergent validity, the average variance extracted (AVE) and the construct
reliability is tested. The AVE values should be above 0.5 to be appropriate and
construct reliability should be above 0.7.

ii.  Discriminant Validity: When we test discriminant validity, the goal is to test

whether the constructs found to be unrelated, are in fact unrelated
(Shuttleworth, 2019). Badgaiyan (2016), from Vindhya Institute of Management
and Research in Satna, replied with the following statement when asked about
discriminant validity through variance extracted (factor analysis) calculations:
firhe rule is that variables should relate more strongly to their own factor than
to another factora The values of the square root of the AVE are placed on the
diagonal of the correlation matrix. According to Fornell and Larker (1981),
constructs have discriminant validity if the correlations are lower than the

square root of the AVE.

3.8.4 Step 4: Model Analysis

Model analysis is discussed in Chapter 6. Model analysis entails the structural equation
modelling (SEM) analysis/testing of the model and consists of two types of models,

namely:
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a. Measurement model; and

b.  Structural model.

Both these models are tested and analysed in this study (see Chapter 6). The purpose of
the measurement model is to examine relationship between the latent variables and their
measures. The goal of the structural model is to test the hypotheses and the relationships
between its constructs (Alshehri, 2012). Therefore, the goal of the structural model is to
determine which independent variables (performance expectancy, effort expectancy,
social influence, hedonic motivation, price value, habit, source code, software support and
facilitating conditions) had a meaningful impact on the description of the dependant

variable (behavioural intention).

In studies involving the UTAUT or the UTAUT2 model, SEM analysis was used to confirm
these models (Alshehri, 2012; Im et al., 2011; Marchewka and Kostiwa, 2007; Morosan
and DeFranco, 2016; Oechslein et al., 2014; Sharma and Kumar, 2012; Sarfaraz, 2017).
A wide variety of software can be used to perform the SEM analysis. These include AMOS
and LISREL. In this study, AMOS was utilised. According to Ullman and Bentler (2012),
structural equation modelling (SEM) is a set of statistical techniques that permit the
examination of relationships between one or more independent variables (IVs)
(continuous or discrete), and one or more dependent variables (DVs), continuous or
discrete. Structural equation modelling is also known as confirmatory factor analysis,
causal analysis, causal modelling, simultaneous equation modelling, analysis of

covariance structures or path analysis (Ullman and Bentler, 2012).

When performing SEM analysis, it is important to determine which absolute fit indices will
be used. According to Hooper et al. (2008), the absolute fit indices will provide the crucial
information to determine whether the theory that is proposed fits the actual data.
According to Schermelleh-Engel et al. (2003), the evaluation of model fit is not a
straightforward process, since the measured variables are not without error. When
performing model fit, a variety of factors must be taken into consideration simultaneously.
A substantial number of goodness-of-fit indices is provided to evaluate if the proposed
model fits the empirical data for each estimation procedure (Schermelleh-Engel et al.,
2003). The type of data used in the model determines the choice of the estimation

procedure. In this study, the following absolute fit indices were used (see Chapter 6,
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section 6.3.1, which will provide further information regarding the minimum thresholds for

these indices):

a.

Model chi-s q u a r e Ac¢oxliig)to Hooper et al. (2008), the traditional method to

determine the overall model fit is Chi-Square. This measure is also sometimes
referred to as a badness-of-fit measure. It measures magnitude of discrepancy.
Barrett (2007) states that the model is rejected as dmot-f i t whiemtlged@iscrepancy
(expressed as bewweea dnpligdamoded ¢coeadances and observed
sample covariances is greater than the anticipated distribution value. In literature
studied about the UTAUT2 model, chi-square modelling was done regularly (El-
Masri and Tarhini, 2017; Morosan and DeFranco, 2016) to determine overall model
fit.

Root mean square error of approximation (RMSEA): According to Kenny (2015)

RMSEA is the most popular and widely used model fit measure that is used when
SEM or CFA analysis is done. This was certainly also the case with the studied
UTAUT2 papers. Root Mean Square Error of RMSEA does not consider sample size
(Sarfaraz, 2017).

Goodness-of-fit statistic (GFI): According to Hooper et al. (2008), the Goodness-of-

Fit statistic (GFI) was created by Jéreskog and Sorbom as an substitute for the Chi-
Square test. This model looks at the variances and covariances in the population. It
illustrates how closely the model comes to repeating the observed covariance matrix.
The statistical values for this index ranges from 0 to 1, however, it is important to
note that this value increases with larger samples as well as when the number of
parameters increases. The GFI index is therefore very sensitive to sample size. As
cited by Sharma et al. (2005) in Hooper et al. (2008), this index is not very popular
and it was subsequently recommended not to use this index as a result of this
sensitivity. Traditionally, the recommendation is that a cut-off point of 0.90 is used
for the GFI. Although the current consensus is not to use this measure (Hooper et
al., 2008; Sharma and Kumar, 2012), the measure was still reported in this study.
IFI: The incremental fit index is also known as Bollen's IFI. This index is not sensitive
to sample size and compares the target model to the null model (Moss, 27 June
2016).

TLI: The Tucker-Lewis index (TLI) is also referred to as the non-normed fit index
(NNFI), and typically varies between 0 and 1. Relative fit improves when values are

larger. TLI compares the ratio of a specific model in relation to a true model.
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f. Comparative fit index (CFI): This is a goodness of fit index that varies between 0 and

1 (Hallquist, 12 October 2017). CFl is measured in terms of the relative difference
between fit (model X?) and degrees of freedom for both candidate and baseline
models. It is important to note that CFl is not affected by sample size. The
Comparative CFl avoids underestimation often found when dealing with small

samples (Schermelleh-Engel et al., 2003).

3.8.5 Step 5: Moderation Analysis

In this research, moderation analysis or the effect of moderators was tested in order to
satisfy the second set of specified research hypotheses (see section 3.5.2 for the list of
moderators). In this section, the aim of moderator analysis is discussed. The aim of
moderator analysis is to establish whether the relationship between two variables (for
example X and Y) is moderated by a third variable (see Figure 3.6). This third variable is
referred to as the moderator. According to Alshehri (2012), this means that moderators
can make the relationship between dependant and independent variables stronger or

weaker.

Figure 3.6: Representation of a Variable Serving as a Moderator

Moderator

Source: Aguinis (2004)

In this study, the standard moderation method was used in order to determine if
moderation effects exist. According to Aguinis (2004), in this standard process, a linear
interaction term is created and then added to the multiple regression model. This is often
referred to as a moderated multiple regression or MMR. Several independent experiments
revealed that MMR is an appropriate technique for testing moderation (Aguinis, 2004).
The moderation process was executed in SPSS. Moderation entails several steps. These

are briefly summarised as follows:
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a. All variables were standardised in SPSS, since these standardised values must be
used in moderation calculations.

b. Dummy variables must be created for moderation variables with more than two
classes.

c. Next, interaction terms must be calculated where the independent variable is
multiplied with the moderator.

d. Lastly, a linear regression analysis is performed.

The results of the moderation analysis are analysed and explained in Chapter 6, section
6.5.

3.9 QUALITATIVE DATA ANALYSIS

In Chapter 7, the qualitative analysis results are discussed. In this section, the qualitative
data analysis process is explained. The analysis process of quantitative and qualitative
analysis differs significantly. This is because qualitative data is made up from words,
symbols, images or observations. In qualitative research, analysis can often start as soon
as the data becomes available (Bhati, 2018). Smit (2002) identified several principles that
guide qualitative research analysis. These are:

1 Qualitative analysis is a continuous process that occurs even throughout the data
collection process. When collecting the data, the researcher will continuously reflect
on connections and relationships while the search continues for differences and
similarities, ideas and themes.

1 Secondly, all qualitative analysis starts with the reading of data and then dividing it
into various sections.

The data analysis is mainly inductive.
Comparisons are used to discover patterns.

The analysis process reflects participantsotrue perceptions.

In this study, semi-structured interviews were used to collect the data for the qualitative
analysis. Once the interviews were completed, the data was transcribed. The next step
was to analyse the interview data using the ATLAS.ti version 8 software. A proper analysis
of the interview data is crucial for the validity of the results. It is therefore necessary to

analyse the data in a systematic and an in-depth manner.
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The way in which interview data is analysed will depend on the purpose of the research.
Honesty is of great importance when analysing interview data in order to obtain accurate
research results (Mortensen, 2019). The process used to perform the analysis of the
gualitative data (see Chapter 7) is highlighted in Figure 3.7 and described below.

Figure 3.7: Qualitative Data Analysis Process Followed during this Study

St elp W

Organising the Data

 Familiarisation with data
I Transcribe the interviews
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Generating Codes and
Code Groups

9 Organise data into
meaningful groups
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Generating the Report

1 Report on commonalities
between all data

Step 1: Organising the data. During this step it is important for researchers to familiarise
themselves with the data elicited from interviews. It is necessary to transcribe the
interviews verbatim for the sake of clarity, accuracy and record-keeping. In this research,
the Otter mobile application (Otter.ai, 2020) was used both to record and to transcribe the
interview data. This step is about getting to know the data being analysed. In this study,
transcripts were reviewed and corrected by repeatedly listening to all the recorded

interviews.

Step 2: Generating codes and code groups. During this step, codes and code groups
for the project were created in ATLAS.ti. Coding is used in order to organise qualitative
data into meaningful groups. In this study, the constructs used in the model were used as

code groups and the questions asked about each of these were used as the codes. Each

75



of the codes were further divided into a Yes and No sub-code. Once all the data was

coded, the data was then collated into the various codes.

Step 3: Generating the report. During this step it is important to report on certain
commonalities that were found when reviewing all the data. When performing this step, it
is important to include those p a r t i cquqgies which Were supported by graphs in the

findings.

3.10 RESEARCHER EXPERIENCE, POSITIONALITY AND BIASES

Il n this section t he, postenaligyracdnhbmaged that relatgpte the
gualitative data analysis are discussed.

3.10.1 Researcher Experience and Positionality

The researcher is a geospatial practitioner in South Africa with over twenty years of
experience in the geospatial field and in working with GIS in particular. The researcher is
a registered member of GISSA and the Society of South African Geographers (SSAG)
and registered as a GISc Professional with SAGC. The researcher is a student at the
University of Pretoria (Department of Geography, Geoinformatics and Meteorology) and
also a member of the South African National Defence Force where she previously worked
at the Directorate Geospatial Intelligence and is now employed at the South African
Military Academy. The participants in the qualitative semi-structured interviews were
selected purposively to represent a variety of working environments in the geospatial
profession. The geopractitioners were from a variety of state departments and parastatals
(i.,e. the SANDF, NGI and SITA) as well as the private and educational sectors. The
participantséviewpoints about the specific aspects related to QGIS were unknown to the

researcher before the start of the interviews.

3.10.2 Researcher and Participant Biases

The subjective nature of qualitative research can often make it problematic for a

researcher to stay completely free of biases. If careful attention is not paid to avoid these

biases, it can have a negative influence on the integrity of the scientific research process.
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According to Shah (2019), two main types of biases can be experienced when performing

gualitative research. These are described as researcher bias and participant bias.

Participant bias. This bias typically occurs when participants tend to agree with the
researcher just to get the interview done and it may happen when participants are either
tired, or not committed to participate. Other participants may respond in a given way just
to be socially accepted, typically when sensitive questions are asked. Habit can also play
a role when participants react in a similar fashion to similarly worded questions. The
participant may also experience bias related to the sponsor of the research (Shah, 2019).
The following strategies were implemented by the researcher to avoid possible participant
biases:

1 Direct questions were asked according to a set list of pre-determined questions
(interview guide).

1  All participants were assured of their social acceptability no matter what the
responses to the questions were. They were assured that their honesty is worth
much more than mere participation to the research study involved. Also, the
guestions were phrased in such a manner that participants would feel socially
accepted no matter the answer received.

To avoid habitual responses, all questions were phrased differently.
The researcher remained neutral when asking all questions and never influenced
the participants by communicating the viewpoint of the researcher in general or in

terms of any particular aspect of the study, or any particular question.

Researcher bias. Confirmation bias is a type of researcher bias that occurs most
frequently in qualitative research. This is when the researcher interprets the findings in
such a manner that it inevitably supports his/her hypothesis. The order in which the
guestions occur, as well as asking questions that may lead participants in a certain
direction must be avoided (Shah, 2019). Some of the strategies used by the researcher
to avoid these biases were:

i The researcher used the codes and code groups assigned in ATLAS.ti to interpret
the findings of the qualitative research. The answers of participants were therefore
interpreted by the researcher in a clear, concise and unbiased manner.

i Biases relating to the order of the questions were avoided by asking the questions
in the order in which the constructs of the model originally appeared. No leading
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guestions were therefore used when interviewing participants. As is good practice,
all questions were also reviewed by mentors, in thi s case, t he

supervisors.

3.11 ETHICAL CONSIDERATIONS

Ethical considerations are vital during any research process to ensure that human rights
are not violated and also to enhance a scientific approach to research. In this study,
human participants were used to complete questionnaires and to participate in interviews.
Ethical approval (reference number: HUM 018/0119) for this study was obtained from the
Uni ver si ty o fearch Etieids Gammittel §seeR\ppendix D). All data collected
will be archived for a period of 15 years. All participants were also duly informed of all their
rights, and an informed consent form was signed by all participants (see Appendix C for

the interview consent form and Appendix E for the survey consent form).

3.12 LIMITATIONS OF THE STUDY

This research had the following limitations:

a. This was a cross-sectional study and therefore data was collected once during the
span of the study. It would beintere st i ng t o see resul ts
time when South Africans become more familiar with QGIS, and its use had become
more routine or habitual.

b.  This study was executed among GISSA members only because it provided relatively
easy access to the GISc professionals in South Africa. It would be interesting to see
the results of this study within specific organisations in South Africa that use QGIS,
for example higher educational institutions and different government and corporate
institutions.

c. The focus of this study was on the acceptance and use of open source software
(QGIS). An interesting future study could therefore entail a similar study approach
relating to acceptance and use of proprietary GIS software.

d. This study was limited to South African GIS users only. A future comparison between
the use of QGIS in a developing country like South Africa and a developed country,

or even another developing country, could be interesting.
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e. In this study, the acceptance and use of QGIS was tested. Other studies could

involve other FOSSGIS products such as PostGIS and GeoDa, etc.

3.13 CHAPTER SUMMARY

In this chapter, the research methodology used to study the acceptance and use of QGIS
in South Africa was discussed. The research paradigm defined the philosophical
orientation of the researcher which had a substantial influence on the decisions made
during the research process. An explanatory sequential mixed-method approach was
identified as the best-suited approach to follow during this study. As such, the research in
this study was organised into two main phases. During the first phase, the quantitative
data collection and analysis (survey questionnaires) was done and during phase two, the
gualitative data collection and analysis was done (semi-structured interviews). The
research model (an adapted UTAUTZ2 model), related measurement criteria and its related
hypotheses used during the quantitative phase was also explained. Primary and
secondary data collection sources were explained, after which the primary data collection
methods (quantitative survey questionnaires, qualitative interviews and the focus group)
were explained in more detail. The population and sample group as well as the detailed
processes followed during the analysis of both the quantitative and qualitative phases
were discussed. During the quantitative analysis phase of the study, SPSS and Amos
software were utilised and during the qualitative analysis phase of the study ATLAS.ti
software was used. The chapter was concluded with sections aboutthe r e sear
experience, positionality and biases as well as the ethical considerations and the

limitations for this study.
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CHAPTER 4: DESCRIPTIVE DATA ANALYSES AND
QUESTIONNAIRE

4.1 INTRODUCTION

In this chapter, descriptive data analysis as well as the questionnaire are discussed.
According to Zikmund et al. (2003, p. 484) defines descriptive data analysis a s thefi
elementary transformation of data in a way that describes the basic characteristics such
as central tendency, distribution, and variabilityd Demographic questions, as well as
guestions relating to GIS experience and educational level, were descriptively analysed

using percentages and frequencies.
4.2 THE ADAPTED UTAUT2 QUESTIONNAIRE

The adapted UTAUT2 questionnaire (see Chapter 3, section 3.6 and Appendix A) was
distributed at the various GISSA regional meetings in South Africa. The total number of
active GISSA members in South Africa at the time (in 2019) were 721, and for this study
a total number of 205 usable responses were collected. The purpose of the study, as well
as the survey questionnaire, were explained to all participants in the study. An informed
consent form (see Appendix E) stating the rights of the participants was also distributed.
The questionnaire has two main parts. The first part consists of demographic type
guestions relating to age and gender, as well as questions relating to years of experience
with GIS and years of experience with QGIS, educational level and professional
registration at the SAGC. The latter part of the survey questionnaire comprises multiple
choice questions about performance expectancy, effort expectancy, social influence,
hedonic motivation, price value, habit, source code, software support, behavioural

intention and facilitating conditions. No open-ended questions were issued to participants.
4.3 DATA MANAGEMENT AND SCREENING
Univariate distribution. In this study, both numerical and descriptive means were used

to evaluate the univariate distribution. According to Seltman (11 July 2018), skewness is

considered when addressing asymmetry, whereas kurtosis is considered when the
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di st r i peakedness rélative to a Gaussian shape is required. The skewness and
kurtosis of all constructs were between the -2 and 2 range (see Table 4.1). Therefore, the
distribution was normal (Trochim and Donnelly, 2008; Gravetter and Wallnau, 2005).

Values near 0 are optimal. Histograms were analysed; no kurtosis issues were found.

Table 4.1: Univariate Distribution

Statistics
BI FC EE S| HM | Pv | sc | ss | PE H

valid 205 | 205 | 205 | 205 | 205 | 205 | 205 | 205 | 205 | 205
N Missing 0 0 0 0 0 0 0 0 0 0
Skewness 0.623 | 0.166 | 0.176 | 0.011 | 0.036 | 0.400 | 0.194 | 0.522 | 0.601 | 0.067
g}(dev'f/ggsrs‘)f 0170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170
Kurtosis 0.846 | -0.093 | 0.288 | -0.320 | 0.258 | -0.890 | -0.653 | 1.656 | 0.534 | -0.277
iL(jrioirirsor of 0.338 | 0.338 | 0.338 | 0.338 | 0.338 | 0.338 | 0.338 | 0.338 | 0.338 | 0.338

Missing data. In this study, any questionnaires with missing data was rejected. Missing
data can cause several problems when dealing with SEM analysis software (Abdulwahab
et al., 2011; Alshehri, 2012). Therefore, only complete cases were used (see Chapter 3,
section 3.8.1.2 for the process that was followed). Two hundred and ninety-five
guestionnaires were handed out to the participants at various GISSA meetings in 2019,
of which 224 responses were received back. This means that a response rate of 75.9%
was secured. Of the 224 responses received back, 205 were used in this study. Nineteen
responses were not used, because they were incomplete, and a complete case approach
was followed for the handling of missing data (see Chapter 3, section 3.8.1.2). This
response rate is regarded as very good, and is considered to be sufficient. According to
Baruch and Holtom (2008), the average response rate is 52.7 percent. The missing data
that was ignored or discarded was less than 10%, which is acceptable (Hair et al., 2006).

Outliers in data. In SPSS, boxplots (or box and whisker plots) based on the interquartile
range (IQR) rule of 1.5 or 3 can be used to determine outliers in the data. Research done
by Hoaglin and Iglewicz (1987) stated that the IQR rule of 1.5 is inaccurate and should
therefore be avoided. Therefore, the IQR rule of 3 was used in this study to determine
whether there were any outliers in the data. These outliers refer to cases or rows that had
values more than three times the height of the boxes (IBM Knowledge Center, 2019b). No

outliers were detected when analysing the research data in this study.
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4.4  ANALYSIS OF DESCRIPTIVE DATA

This section reports on the descriptive statistics of the 205 GISSA respondents in this
survey. As previously stated, percentages and frequencies were used when calculating
these statistics. The following aspects were analysed descriptively: age and gender, years

of GIS and QGIS experience, educational level and professional registration.

4.4.1 Age and Gender

The age grouping between 18 i 30 years included 48 responses, which accounts for
23.4%. Only 8 respondents (3.9%) were between 61 7 80 years. As reported in Table 4.2
and illustrated in Figure 4.1, most GISSA members surveyed were in the age group 31 i
60 years (n = 149, 72.2%), which are expected, because all GISSA members are working.

This is noteworthy because this study looked at the acceptance and use of QGIS in the

workplace.

Table 4.2: Age of Respondents

Frequency Percentage (%)
Between 181 30 yrs 48 23.4
Between 3171 60 yrs 149 72.7
Between 611 80 yrs 8 3.9
Total 205 100.0

Figure 4.1: Age of Respondents
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In terms of gender, 112 were male (54.6%) and 93 (45.4%) were female (see Table 4.3
and Figure 4.2). The gender ratio of the participants was therefore balanced. This is an
interesting finding, since it means that in the field of GISc, previously more male dominated
in South Africa, the gender distribution is presently more or less equal. Thus, no gender

bias in the results is expected.

Table 4.3: Gender of Respondents

Frequency Percentage (%)
Male 112 54.6
Female 93 45.4
Total 205 100.0

Figure 4.2: Gender of Respondents

E ale
W Female

4.4.2 Years of GIS and QGIS Experience

In terms of years of experience with GIS, the largest percentage of GISSA members
(27.8%, n =57) had 07 5 years of experience with GIS, followed by the grouping 51 10
years of experience (20.5%, n = 42). Members with more than 15 years of experience
were 13.2% (n = 27) of the responses and 18.5% (n = 38) had more than 20 years of
experience with GIS (see Table 4.4. and Figure 4.3).

Approximately half (n = 99, 48.3%) of the respondents have less than 10 years of

experience with GIS and the rest (n = 106, 51.7%) have more than 10 years of experience
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with GIS. It can therefore be stated that around 50% of the respondents started working

with GIS when QGIS was already existed.

Table 4.4: Years of Experience with GIS

Frequency Percentage (%)
Between O up to 5 yrs 57 27.8
More than 5 yrs and up to 10 yrs 42 20.5
More than 10 yrs and up to 15 yrs 41 20.0
More than 15 yrs and up to 20 yrs 27 13.2
More than 20 yrs 38 185
Total 205 100.0

Figure 4.3: Years of Experience with GIS

B Between 0 up to 5 yrs

B tors than 5 yrs and up to 10 yrs

.More than 10 yrs and up to 15
yrs

.More than 15 yrs and up to 20
yrs

[ More than 20 yrs

In terms of their QGIS experience (see Table 4.5 and Figure 4.4), 31.7% (n = 65) had no
experience and 22.4% (n = 46) had between 31 5 years of experience. Only 3.4% (n =7)
of the members who participated in the study had more than 10 years of experience with
QGIS, even though 20% (n = 41) of the members had more than 10 years of experience
with GIS.
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Table 4.5: Years of Experience with QGIS

Frequency Percentage (%)

No experience with QGIS 65 31.7
1 Year 38 18.5
2 Years 32 15.6
Between 371 5 Years 46 22.4
Between 571 10 Years 17 8.3
More than 10 years 7 3.4

Total 205 100.0

Figure 4.4: Years of Experience with QGIS

B ko experience with QGIS
W1 vear

W2 years

B Between 3 -5 Years
OlBetween 5-10 Years

[ More than 10 years

Furthermore, most respondents (n = 140, 68.2%) have some QGIS experience, meaning
that QGIS is known to them. The sample group consists of geospatial professionals and
even though they do not have much QGIS experience, they have extensive experience in
GIS generally and therefore they are knowledgeable in the operations of a GIS. The
purpose of this data collection was to determine their use and acceptance of QGIS, which
make the findings more reliable when the sample group has no or little experience with
the software to determine their behavioural intention to adopt the QGIS software.

4.4.3 Educational Level

Educational level was one of the moderators added to test the acceptance and use of
QGIS (see Chapter 3, section 3.4.1). It was interesting to note that the largest percentage

(25.9%, n = 53) of the responding GISSA members had either an Honours degree or a
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four-year first degree. The smallest grouping was the members with a PhD at 3.9% (n =

8) of the total respondents (see Table 4.6 and Figure 4.5).

The results show that the majority of the respondents (93.2%; n = 191) have a tertiary
gualification, of whom 47.8% (n = 98) have a qualification higher than a three-year
Bachelordéds degree and 21.9% (n = 45) hol

Table 4.6: Educational Level of Respondents

Frequency Percentage (%)

GIS courses at various institutions 14 6.8
National Certificate 10 4.9
National Diploma 38 18.5
Degree 45 22.0
Honours or Four-Year Degree 53 25.9
Masters 37 18.0
PhD 8 3.9

Total 205 100.0

Figure 4.5: Educational Level of Respondents

[ GIS courses at various
institutions

Bl Mational Certificate

[ rational Diploma

M Degres

CHonours/d Year Degree
M Masters

CPhD

4.4.4 Professional Registration

This moderator was added to test the acceptance and use of QGIS (see Chapter 3, section
3.4.1). In terms of professional registration, 65.4% (n = 134) of respondents are
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professionally registered and 34.6% (n = 71) are not (see Table 4.7 and Figure 4.6). This

is a further indication of a well-educated group of respondents.

Table 4.7: Professional Registration of Respondents

Frequency Percentage (%)
Yes; Registered 134 65.4
No; Not Registered 71 34.6
Total 205 100.0

Figure 4.6: Professional Registration of Respondents

E ves; Registered
Ml oMot Registerad

Of the 65.4% (n = 134) members who indicated that they are also registered with the SA
Geomatics Council (SAGC), the largest grouping belonged to the category, Technician (n
=56, 27.3%) and the second largest grouping were the Professionals at 25.9% (n = 53),
see Table 4.8 and Figure 4.7. Since more than 65% of the respondents are professionally
registered at SAGC, these findings illustrate the importance that professional registration
hold for GISSA members. Only 3.4% of the respondents have Candidate registration and
96.6% are either a Technician, Technologist or Professional, which again indicates that
the respondents are well educated with suitable knowledge, competency and experience
in the GISc field.
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Table 4.8: SAGC Registration Categories of Respondents

Frequency Percentage (%)
Candidate 7 34
Technician 56 27.3
Technologist 18 8.8
Professional 53 25.9
Total Registered 134 65.4
Total 205 100.0

Figure 4.7: SAGC Category Registration of Respondents

E candidate
M Technician
M Technalogist
[ Professional

45 CHAPTER SUMMARY

In this chapter, the survey questionnaire and the descriptive statistical analysis of the first
part of the adapted UTAUT2 questionnaire were presented. The questionnaires were used
toanalyser e s p 0 n deenagtaphi data, data relating to their years of experience with
GIS and QGIS, their educational level and registration, and their registration categories at
the SA Geomatics Council. The results show that most of the respondents were in the age
group 3171 60 years, are well educated, and know the GISc environment and are actively
working with GIS. No gender bias was expected in the results. In summary, it can be
deducted from the profile of the respondents that the study population is suitable for

understanding the acceptance and use of QGIS in South Africa.

In the next chapter (Chapter 5), an analysis of the measurement scales will follow.
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CHAPTER 5: RELIABILITY AND VALIDITY ANALYSIS

5.1 INTRODUCTION

As discussed in Chapter 3 (methodology of the research), the testing of the reliability and
validity of the research instrument is essential before the model can be tested using SEM
analysis tools. Therefore, in this section the reliability and the validity of each of the ten
constructs measured during the survey are analysed. The independent variables that were
tested were performance expectancy (PE), effort expectancy (EE), social influence (SI),
hedonic motivation (HM), price value (PV), habit (H), source code (SC), software support
(SS) and facilitating condition (FC). The dependent variable measured was behavioural
intention (BI). In the first part of this chapter, the results of the reliability analysis are
discussed. In the latter part of this chapter validity analysis is discussed. In terms of the
validity of constructs, both Explanatory Factor Analysis (EFA) and Confirmatory Factor

Analysis (CFA) are analysed and discussed.

5.2 RELIABILITY ANALYSIS

According to Field (2013, p. 13), reliability referstofit he abi |l ity of t he me
the same results under the same conditions.0Alshehri (2012) states that reliability is also
concerned witha measur ement 6s st ablnlorder to determihe theo n s i st
reliability of the measure, both internal consistency and inter-item correlations are

analysed.

5.2.1 Internal Consistency

In most studies related to the UTAUT and the UTAUT2 model, internal consistency was
measured by calculating the Cronbach al p h @esal., 2011; Alshehri, 2012; Dwivedi et
al., 2017; Marchewka and Kostiwa, 2007; Morosan and DeFranco, 2016; Oechslein et al.,
2014; Sarfaraz, 2017; Sharma and Kumar, 2012) for the various constructs of the model.
According to Pallant (2013) and Venkatesh et al. (2016), the ideal scale for the Cronbach
alpha coefficient is above 0.7. However, with short scales (less than ten items) it can be
common to find | ow Cr onb aheinteraténpcbreelat®nscanbe s uc h

of more value (Pallant, 2013). The SPSS Statistics software version 25 was used in order
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to calculate Cronbach alpha (internal consistency) values of the constructs i performance
expectancy (PE), effort expectancy (EE), social influence (SI), hedonic motivation (HM),
price value (PV), habit (H), source code (SC), software support (SS) and facilitating
condition (FC) and behavioural intention (BI). The Cronbach alpha values (see summary
Table 5.1) varied between 0.599 and 0.917. The lowest value was for software support
(SS) U0.599. This value, although undesirable, is not unacceptable. The internal
consistency of the variables was therefore found to be acceptable. Although very high
Cronbach alpha values can show redundancy in items, such as in PE, redundancy was
checked for later in the modification indices (MI) in the measurement model (see Chapter
6, section 6.3.2).

Table 5.1: The Cronbach alpha Values of Constructs

Construct Cronbach |
Performance Expectancy (PE) 00.917
Effort Expectancy (EE) U 0800
Social Influence (SI) U 0019
Hedonic Motivation (HM) U 0848
Price Value (PV) U o774
Habit (H) U 0892
Source Code (SC) U 0778
Software Support (SS) U 0599
Facilitating Conditions (FC) U 0842
Behavioural Intention (BI) U 0769

5.2.1.1 Performance Expectancy (PE) Cronbach 6 apha

Performance expectancy (PE) consisted of four items (see Appendix A), and an excellent
reliability result was achieved: U0.917. Therefore, no items were excluded from this

variable (see Table 5.2).

Table 5.2: Performance Expectancy (PE) Cronbachd slpha

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
ltems
0.917 0.918 4
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5212 Effort Expectancyapgh&E) Cronbachods

Effort expectancy (EE) originally consisted of six items (see Appendix A), and the initial
result for Cronbach al p h a @@l5. Hdwever, when item 2 is deleted, the reliability
greatly improves to U0.800. A decision was therefore taken to remove item 2 as is normal
practice (Pallant, 2013). See Table 5.3.

Table 5.3: Effort Expectancy ( EE) Cr oalphac h 6 s

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
Items
0.800 0.801 5
5213 Soci al |l nfl uencealphaSI ) Cronbachos

Social influence (SI) originally consisted of four items (see Appendix A), and the initial
result for Cronbach al p h a @6@74. Hdwever, when items 3 and 4 are deleted, the
reliability gr0o9Ax A decisiomvas therefoee taken to kEmove items 3
and 4 as is normal practice (Pallant, 2013). See Table 5.4.

AA factor with 2 wvariables is only consider
correlated with each another (r>0.70),but f airly uncorrel gvorgd wi t
and Pearce, 2013, p. 80), such as in the case of the Sl variable.

Table 5.4: Social Influence( S1 ) Cr oatpha c h 6 s

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
ltems
0.919 0.919 2

5214 Hedonic MotivationaphalM) Cronbach©os

Hedonic motivation (HM) consisted of three items (see Appendix A) and a high reliability
result was achieved: U0.848. Therefore, no items were excluded from this variable (see
Table 5.5).
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Table 5.5: Hedonic Motiaphda i on ( HM)

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
Items
0.848 0.849 3

5215 Price Value (PV)appaonbach©os

Price value (PV) consisted of three items (see Appendix A) and a high reliability result was
achieved: U0.774. Therefore, no items were excluded from this variable (see Table 5.6).

Table 5.6: Price Value (PV) Cr o n halpltah 6 s

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
Items
0.774 0.781 3

5216 Habit (H) Q@phanbachos

Habit (H) consisted of seven items (see Appendix A), and a high reliability result was

achieved: 10.892. Therefore, no items were excluded from this variable (see Table 5.7).

Table 5.7: Habi alph@H) Cronbachos

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
Items
0.892 0.893 7

5217 Source Code ( SLIQphaCr onbaché

Source code (SC) consisted of five items (see Appendix A) and a high reliability result was

achieved: 10.778 (see Table 5.8). Therefore, no items were excluded from this variable.
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Table 5.8: Source Code (SC)Cr on b aaph® s

Reliability Statistics

Cronbach's alpha
Based on

Cronbach's alpha Standardized N of Items
Items
0.778 0.790 5

5.2.1.8 SoftwareSupport

Software support (SS) originally consisted of five items (see Appendix A), and the initial
result for Cronbach al p h a @502 Hdwever, when item 2 and item 4 is deleted, the

reliability

Tabl e 5. 9:

(SS) alpflraonbachoés

Softwar e

g r 2582 A decisiomvas therefose taken to témove items 2
and 4 (Pallant, 2013). This value ( U0 . B Ac®desirable, but acceptable (see Table 5.9)
(Taber, 2018).

Suagppao r t

Reliability Statistics

Cronbach's alpha

Cronbach's alpha
Based on
Standardized
Items

N of Iltems

0.599

0.602

5.2.19 Behaviour al

Behavioural intention (BI) consisted of three items (see Appendix A), and a high reliability

result was achieved: U0.769. Therefore, no items were excluded from this variable (see

Table 5.10).

Tabl e 5. 10:

Il nt ent ialphm ( BI )

Behavi

our al

dipha enti on

Reliability Statistics

Cronbach's alpha

Cronbach's alpha
Based on
Standardized
ltems

N of Iltems

0.769

0.768
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52110 Facilitating Conditiaphms (FC) Cronbachos

Facilitating conditions (FC) consisted of five items (see Appendix A) and a high reliability
result was achieved: U0.842. Therefore, no items were excluded from this variable (see
Table 5.11).

Table 5. 11: Facilitating apoandi ti ons ( F(

Reliability Statistics

Cronbach's alpha
. Based on
Cronbach's alpha Standardized N of Items
Items
0.842 0.843 5

5.2.2 Inter-ltem Correlation

As an important part of reliability analysis, inter-item correlations determine the
association between various items in a variable to see if they are related to each other.
Briggs and Cheek (1986) in Pallant (2013) suggested that the Corrected-ltem Total
Correlation values should not be less than 0.3. The inter-item correlation for all variables
are discussed below.

5.2.2.1 Performance Expectancy (PE)

From Table 5.12 below, the variable PE is reliable as its Corrected Iltem-Total correlation

matrix indicates high values above the 0.3 scale.

Table 5.12: Performance Expectancy (PE) i Inter-ltem Correlation

Corrected Item - Total Correlation (PE)

PE1 0.740
PE2 0.853
PE3 0.850
PE4 0.805
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5.2.2.2  Effort Expectancy (EE)

Table 5.13 shows that the variable EE is reliable as its Corrected Item-Total correlation
matrix indicates high values above the 0.3 scale.

Table 5.13: Effort Expectancy (EE) i Inter-ltem Correlation

Corrected Item - Total Correlation (EE)

EE1 0.419
EE3 0.600
EE4 0.631
EES 0.711
EE6 0.570

5.2.2.3 Social Influence (SI)

When examining dllpéha®rsomdacSHgs it became evide
be deleted since this yielded a must higher Cronbach alpha. From Table 5.14 below, it is
indicated that the variable Sl is reliable, as its Corrected Item-Total correlation matrix

indicates high values above the 0.3 scale.

Table 5.14: Social Influence (SI) T Inter-ltem Correlation

Corrected Item (SI) - Total Correlation
SI1 0.851
SI2 0.851

5.2.2.4 Hedonic Motivation (HM)

From Table 5.15 below, the variable HM is reliable, as its Corrected Item-Total correlation

matrix indicates high values above the 0.3 scale.

Table 5.15: Hedonic Motivation (HM) i Inter-ltem Correlation

Corrected Item - Total Correlation (HM)

HM1 0.748
HM2 0.666
HM3 0.737
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5.2.2.5 Price Value (PV)

Table 5.16 illustrates that the variable PV is reliable, as its Corrected Item-Total correlation
matrix indicates high values above the 0.3 scale.

Table 5.16: Price Value (PV) i Inter-ltem Correlation

Corrected Item - Total Correlation (PV)

PV1 0.594
PV2 0.577
PV3 0.680

5.2.2.6  Habit (H)

From Table 5.17 below, the variable H is reliable, as its Corrected Item-Total correlation
matrix indicates high values above the 0.3 scale.

Table 5.17: Habit (H) i Inter-ltem Correlation

Corrected Item - Total Correlation (H)

H1 0.671
H2 0.677
H3 0.615
H4 0.536
H5 0.775
H6 0.802
H7 0.771

5.2.2.7 Source Code (SC)
From Table 5.18 below, the variable SC is reliable, as its Corrected ltem-Total correlation

matrix indicates high values above the 0.3 scale. However, Item 1 will be excluded from

further analysis, since it is below the 0.3 threshold for inter-item correlations.
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Table 5.18: Source Code (SC) i Inter-ltem Correlation

Corrected Item - Total Correlation (SC)

SC1 0.294
SC2 0.770
SC3 0.771
SC4 0.658
SC5 0.370

5.2.2.8  Software Support (SS)

Items 2 and 4 were deleted, because it had a negative effect on the Cronbach alpha

values. From Table 5.19 below, it is indicated that the variable SS is reliable, as its

Corrected ltem-Total correlation matrix indicates values above the 0.3 scale.

Table 5.19: Software Support (SS) T Inter-ltem Correlation

Corrected Item - Total Correlation (SS)

Ss1 0.377
SS3 0.445
SS5 0.419

5.2.2.9 Facilitating Conditions (FC)

From Table 5.20 below, the variable FC is reliable, as its Corrected Item-Total correlation

matrix indicates high values above the 0.3 scale.

Table 5.20: Facilitating Conditions (FC) i Inter-ltem Correlation

Corrected Item - Total Correlation (FC)

FC1 0.628
FC2 0.581
FC3 0.721
FC4 0.707
FC5 0.607
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5.2.2.10 Behavioural Intention (BI)

From Table 5.21 below, the variable Bl is reliable, as its Corrected Item-Total correlation
matrix indicates high values above the 0.3 scale.

Table 5.21: Behavioural Intention (BI) T Inter-ltem Correlation

Corrected Item - Total Correlation (BI)

Bll 0.501
BI2 0.643
BI3 0.671

5.3 VALIDITY

Validity is defined as fthe accuracy of an assessment, whether or not it measures what it
is supposed to measureo (Classroom Assessment, 2018). When conducting validity
analysis, both Explanatory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA)

must be done.

5.3.1 Explanatory Factor Analysis (EFA)

Sample size of this study. In this study the sample size was 205. According to
Schermelleh-Engel et al. (2003), most sample size recommendations refer to maximum
likelihood (ML) estimation. Kenny et al. (1998) and Schermelleh-Engel et al. (2003) stated
that a sensible sample size for a model and related multivariate data is about N = 150
(Muthén and Muthén, 2002) or N = 200 (Boomsma and Hoogland, 2001). According to
Kenny (2015), when performing SEM analysis, N = 200 is considered as the goal.

5.3.1.1 Explanatory Factor Analysis (EFA) for Performance Expectancy (PE)

The results of Inter-ltem Correlation indicated that all variables are suited for Explanatory
Factor Analysis (EFA); see Table 5.21 above. As mentioned previously, the first step of
factor analysis was to test the strength of inter-correlations between the various items.

Next, the factorability of the data was determined. The KMO value for PE was statistically

significant at 0.839 (see Table 5.22) . Bartlettds Test of Spheri
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significant (the values for Chi-Square was 611.231 and the p-value (Sig.) 0.000 (p < 0.05).

Therefore, factor analysis warrants further analysis of the data.

Table 5.22: Explanatory Factor Analysis (EFA) for Performance Expectancy (PE)

KMO and Bartlett's Test (PE)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.839
Approx. Chi-Square 611.231
Bartlett's Test of
Sphericity Df 6
Sig. 0.000

The next step in data analysis is to consider the factor loadings of the data. Variables with
factor loadings less than 0.5 is excluded (cut-off) from further analysis. A number of
methods may be used to extract the factors to be used in further analysis of the data. In
this study, the Principle Component Analysis was used as the extraction method, and for
all variables only one component was extracted. The component matrix for PE is
described in Table 5.23 below.

Table 5.23: Component Matrix2 (PE)

Component (1)

PE1 0.847
PE2 0.922
PE3 0.922
PE4 0.894

Extraction Method: Principal Component Analysis.
a1 Component Extracted.

5.3.1.2 Explanatory Factor Analysis (EFA) for Effort Expectancy (EE)

The KMO value for EE was statistically significant at 0.760 (see Table 5.24) . Bartl et
Test of Sphericity was also statistically significant; the values for Chi-Square was 353.888
and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.
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Table 5.24: Explanatory Factor Analysis (EFA) for Effort Expectancy (EE)

KMO and Bartlett's Test (EE)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.760
Approx. Chi-Square 353.888
Bartlett's Test of df 6
Sphericity
Sig. 0.000

The component matrix for EE is described below in Table 5.25.

Table 5.25: Component Matrix? (EE)

Component (1)

EE1 0.596
EE3 0.761
EE4 0.789
EES 0.845
EEG6 0.735

Extraction Method: Principal Component Analysis.
a1 Component Extracted.

5.3.1.3 Explanatory Factor Analysis (EFA) for Social Influence (SI)

The KMO value for Sl was statistically significant at 0.5 (see Table 5.26) . Bartlett o:
of Sphericity was also statistically significant; the values for Chi-Square was 260.756 and

the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further analysis

of the data.

Table 5.26: Explanatory Factor Analysis (EFA) for Social Influence (SI)

KMO and Bartlett's Test (SI)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.500
Approx. Chi-Square 260.756
Bartlett's Test of df 1
Sphericity
Sig. 0.000
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The component matrix for Sl is described below in Table 5.27.

Table 5.27: Component Matrix2 (Sl)

Component (1)
Si1 0.962
SI2 0.962

Extraction Method: Principal Component Analysis.
a1 Component Extracted.

5.3.1.4 Explanatory Factor Analysis (EFA) for Hedonic Motivation (HM)

The KMO value for HM was statistically significant at 0.719 (see Table 5.28) . Bartl et
Test of Sphericity was also statistically significant; the values for Chi-Square was 256.565
and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.

Table 5.28: Explanatory Factor Analysis (EFA) for Hedonic Motivation (HM)

KMO and Bartlett's Test (HM)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.719
Approx. Chi-Square 265.565
Bartlett's Test of
Sphericity Df 3
Sig. 0.000

The component matrix for HM is described below in Table 5.29.

Table 5.29: Component Matrix? (HM)

Component (1)

HM1 0.894
HM2 0.845
HM3 0.889

Extraction Method: Principal Component Analysis.

a1 Component Extracted.

5.3.1.5 Explanatory Factor Analysis (EFA) for Price Value (PV)

The KMO value for PV was statistically significant at 0.682 (see Table 5.30). Bartl et t 6 s
Test of Sphericity was also statistically significant; the values for Chi-Square was 176.568
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and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.

Table 5.30: Explanatory Factor Analysis (EFA) for Price Value (PV)

KMO and Bartlett's Test (PV)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.682
Approx. Chi-Square 176.568
Bartlett's Test of
Sphericity Df 3
Sig. 0.000

The component matrix for PV is described below in Table 5.31.

Table 5.31: Component Matrix2 (PV)

Component (1)

PV1 0.824
PV2 0.804
PV3 0.874

Extraction Method: Principal Component Analysis.
a1 Component Extracted.

5.3.1.6  Explanatory Factor Analysis (EFA) for Habit (H)

The KMO value for H was statistically significant at 0.850 (see Table 5.32) . Bartl et t 0
of Sphericity was also statistically significant; the values for Chi-Square was 920.922 and

the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further analysis

of the data.

Table 5.32: Explanatory Factor Analysis (EFA) for Habit (H)

KMO and Bartlett's Test (H)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.850
Approx. Chi-Square 920.922
Bartlett's Test of
Sphericity Df 21
Sig. 0.000
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The component matrix for H is described below in Table 5.33.

Table 5.33: Component Matrix2 (H)

Component (1)

H1 0.773
H2 0.767
H3 0.698
H4 0.624
H5 0.861
H6 0.878
H7 0.859

Extraction Method: Principal Component Analysis.

a1 Component Extracted.

5.3.1.7 Explanatory Factor Analysis (EFA) for Source Code (SC)

The KMO value for SC was statistically significant at 0.786 (see Table 5.34) . Bartl et
Test of Sphericity was also statistically significant; the values for Chi-Square was 434.555
and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.

Table 5.34: Explanatory Factor Analysis (EFA) for Source Code (SC)

KMO and Bartlett's Test (SC)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.786
Approx. Chi-Square 434.555
Bartlett's Test of
Sphericity Df 10
Sig. 0.000

The component matrix for SC is described below in Table 5.35.

Table 5.35: Component Matrix2 (SC)

Component (1)

SC2 0.901
SC3 0.904
SC4 0.849
SC5 0.599

Extraction Method: Principal Component Analysis.
a1 Component Extracted.
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5.3.1.8  Explanatory Factor Analysis (EFA) for Software Support (SS)

The KMO value for SS was statistically significant at 0.633 (see Table 5.36) . Bartl et
Test of Sphericity was also statistically significant; the values for Chi-Square was 62.811
and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.

Table 5.36: Explanatory Factor Analysis (EFA) for Software Support (SS)

KMO and Bartlett's Test (SS)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.633
Approx. Chi-Square 62.811
Bartlett's Test of
Sphericity Df s
Sig. 0.000

The component matrix for SS is described below in Table 5.37.

Table 5.37: Component Matrix2 (SS)

Component (1)

SS1 0.711
SS3 0.776
SS5 0.751

Extraction Method: Principal Component Analysis.
a1 Component Extracted.

5.3.1.9 Explanatory Factor Analysis (EFA) for Behavioural Intention (BI)

The KMO value for Bl was statistically significant at 0.662 (see Table 5.38) . Bartlett o
of Sphericity was also statistically significant; the values for Chi-Square was 175.239 and

the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further analysis

of the data.

Table 5.38: Explanatory Factor Analysis (EFA) for Behavioural Intention (BI)

KMO and Bartlett's Test (BI)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.662
Approx. Chi-Square 175.239
Bartlett's Test of
Sphericity Df 3
Sig. 0.000
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The component matrix for Bl is described below in Table 5.39.

Table 5.39: Component Matrix2 (BI)

Component (1)

BIl 0.749
BI2 0.858
BI3 0.872

Extraction Method: Principal Component Analysis.
&1 Component Extracted.

5.3.1.10 Explanatory Factor Analysis (EFA) for Facilitating Conditions (FC)

The KMO value for FC was statistically significant at 0.757 (see Table 5.40) . Bartl et
Test of Sphericity was also statistically significant; the values for Chi-Square was 486.432
and the p-value (Sig.) of 0.000 (p < 0.05). Therefore, factor analysis supports further

analysis of the data.

Table 5.40: Explanatory Factor Analysis (EFA) for Facilitating Conditions (FC)

KMO and Bartlett's Test (FC)

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.757
Approx. Chi-Square 486.432
Bartlett's Test of
Sphericity Df 10
Sig. 0.000

The component matrix for FC is indicated below in Table 5.41.

Table 5.41: Component Matrix@ (FC)

Component (1)

FC1 0.761
FC2 0.718
FC3 0.842
FC4 0.835
FC5 0.763

Extraction Method: Principal Component Analysis.

a1 Component Extracted.
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5.3.2 Confirmatory Factor Analysis (CFA)

In this study, CFA provided a specific metric value to the latent variables and is the obvious
next step during validity analysis to confirm the structure of the dataset or the model. CFA
is performed to test and confirm the relationship between the observed variables and the
latent variables (see Chapter 3, section 3.8.3) and consists of convergent validity (see
section 5.3.2.1) and discriminant validity (see section 5.3.2.2). The measurement model
was analysed using the Amos version 21 structural equation modelling (SEM) software.
The standardized regression weights, factor loadings are shown in Table 5.42.

Table 5.42: Standardized Regression Weights i Factor Loadings

Iltems Estimate
PE1 <--- Performance_Expectancy 0.775
PE2 <--- Performance_Expectancy 0.902
PES3 <--- Performance_Expectancy 0.904
PE4 <--- Performance_Expectancy 0.860
EE1 <--- Effort_Expectancy 0.528
EE3 <--- Effort_Expectancy 0.653
EE4 <--- Effort_Expectancy 0.710
EES5 <--- Effort_Expectancy 0.806
EE6 <--- Effort_Expectancy 0.678
Si1 <--- Social_Influence 0.877
SI2 <--- Social_Influence 0.970
HM1 <--- Hedonic_Motivation 0.846
HM2 <--- Hedonic_Motivation 0.756
HM3 <--- Hedonic_Motivation 0.827
PV1 <-e- Price_Value 0.717
PV2 <--- Price_Value 0.667
PV3 <--- Price_Value 0.839
H1 <--- Habit 0.704
H2 <--- Habit 0.662
H3 <--- Habit 0.582
H4 <--- Habit 0.527
H5 <--- Habit 0.854
H6 <--- Habit 0.901
H7 <--- Habit 0.895
SC2 <--- Source_Code 0.897
SC3 <--- Source_Code 0.901
Sc4 <--- Source_Code 0.764
SC5 <oe- Source_Code 0.440
SS1 <--- Software_Support 0.483
SS3 <--- Software_Support 0.509
SS5 <--- Software_Support 0.721
FC1 <--- Facilitating_Conditions 0.673
FC2 <--- Facilitating_Conditions 0.623
FC3 <--- Facilitating_Conditions 0.803
FC4 <--- Facilitating_Conditions 0.803
FC5 <--- Facilitating_Conditions 0.713
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5321

Estimate

Iltems
BI1 <--- Behavioural_Intention
BI2 <--- Behavioural_Intention
BI3 <--- Behavioural_Intention

0.500
0.829
0.824

Convergent Validity

The SEM_Stat tool developed in Microsoft Excel by Michaél Korchia was used to calculate

the AVE and construct reliability scores, and applied the formula developed by Fornell and

Larcker (1981). This tool was used, because neither SPSS nor AMOS has the functionality

to calculate these scores. The SEM_Stat tool uses factor loadings (see Table 5.42) to

calculate the AVE and construct reliability score. Table 5.43 below indicates the AVE and

the construct reliability values for all the constructs in this research. All constructs, except

software support, had appropriate scores above the 0.5 threshold for AVE and above the

0.7 threshold for construct reliability, and are in fact related. The SS construct was

removed from further SEM analysis. Furthermore, the item SC5 (see Table 5.42) had a

factor loading below the 0.5 threshold and was also excluded from further SEM analysis.

5.3.2.2

Table 5.43: Convergent Validity for all Constructs

Construct AVE Construct Reliability
PE 0.743 0.920
EE 0.526 0.815
Sl 0.858 0.923
HM 0.663 0.855
PV 0.559 0.790
H 0.553 0.893
SC 0.598 0.849
SS 0.337 0.596
FC 0.523 0.845
Bl 0.537 0.769

Discriminant Validity

The diagonal cell values (in bold on Table 5.44) are the square root values of the average

variance extracted (AVE). The rest of the values are the correlations between the

constructs. As seen in the Table 5.44 below, all the diagonal cell values were higher than

109



the correlations between the constructs. Therefore, discriminant validity was confirmed. It

means that all the constructs were in fact unrelated to one another.

Table 5.44: Discriminant Validity for all Constructs

Correlation Matrix

PE EE Sl HM PV H SC FC Bl
PE 0.865
EE 0.256 | 0.725
Sl 0.258 | -0.026 | 0.926

HM 0.386 | 0.485 | 0.267 | 0.811
Correlation |PV 0.219 | 0.424 | 0.061 | 0.353 | 0.747
H 0.657 | 0.290 | 0.362 | 0.511 | 0.203 | 0.745
SC 0.247 | 0.023 | 0.214 | 0.076 | -0.145 | 0.397 | 0.773
FC 0.168 | 0.321 | -0.018 | 0.217 | 0.249 | 0.119 | -0.143 | 0.733
Bl 0.422 | 0.145 | 0.369 | 0.317 | 0.270 | 0.555 | 0.132 | 0.215 | 0.732

5.4 CHAPTER SUMMARY

In this chapter, the reliability and validity of the constructs were tested and analysed. In
the first part of this chapter the results of the reliability analysis were discussed and in the
latter part, validity analysis. In terms of the validity of constructs, both Explanatory Factor
Analysis (EFA) and Confirmatory Factor Analysis (CFA) were analysed and discussed. In
the next chapter, structural equation modelling (SEM) analysis as well as the effect of the
moderators will be explained.
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CHAPTER 6: MODEL ANALYSIS

6.1 INTRODUCTION

The previous section provided an analysis of which variables were reliable and valid in
order to continue with the Structural Equation Modelling (SEM) analysis process. In the
first part of this chapter, an in-depth analysis of the (SEM) process is presented. This
analysis allows for an opportunity to evaluate the relationships between constructs in the
adapted UTAUT2 model. During SEM analysis, path coefficients are established. It can
therefore be used as a means of hypothesis testing (Mitchell, 1992). In the latter part of

this chapter, the effects of moderation are analysed and explained.

6.2 THE SEM ANALYSIS PROCESS

The SEM process comprises several steps. The aim of this process is to test the structural
model and hypothesis and to test the paths between all constructs in the model. According
to Gefen et al. (2000), the measurement model (that represents the theory) specifies the
factor loadings or measurements (see Table 6.1) of the constructs (latent variables). In
the measurement model, the distinction between the independent variables (PE, EE, SI,
HM, PV, H, SC and FC) and the dependant variable (BI) is not yet made. The structural
model indicates the relationship (and the magnitude thereof) between the independent
constructs (PE, EE, SI, HM, PV, H, SC and FC) and the dependant construct (BI).

6.3 THE MEASUREMENT MODEL

In this section of the SEM analysis, a preliminary measurement model as well as an

improved measurement model are discussed.

6.3.1 Preliminary Measurement Model

The results of the preliminary measurement model were evaluated by means of the
goodness of fit indices specified in Chapter 3 (see Chapter 3, section 3.8.4). These indices
are used in conjunction with factor loadings to determine good model fit. Their related

thresholds are discussed in this section. In order to achieve unidimensionality of a
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measurement model, any item with a low factor loading should be deleted (Awang, 2015).

Awang (2015) further asserted that for established items, factor loadings of 0.6 and higher

are the threshold. In other literature, the minimum threshold for factor loadings is specified

as 0.50 (Hair et al., 2006). As discussed in the previous chapter, the item SC5 was

consequently deleted for having a factor loading of 0.440 (see Chapter 5, Table 5.42). The

following fit indices were used to determine model fit:

T

The relative chi-s q u a r @&f). (Tlee 2elative chi-square is also called the normed
chi-square. This index is less sensitive to sample size. As cited in Moss (27 June
2016), the criterion for acceptance varies across researchers, ranging from less than
2 (Ullman, 2013) to less than 5 (Lomax and Schumacker, 2004). However, G 2
degrees of freedom (df) ratios in the range of less than 3 is acceptable. In AMOS,
the chi-square value is referred to as CMIN.

The Comparative Fit Index (CFl). This measure accepts that all latent variables are
uncorrelated. It therefore compares the sample covariance with the specified null
model (Hooper et al., 2008). The values for this index is between 0.0 and 1.0 with
values closer to 1.0 indicating good fit. The threshold for this index is > 0.90.
Incremental fit index (IFI). Anincremental fit index (referred to as a relative fit index)
is similar to R?. Therefore, zero values indicate the poorest possible model and the
value one indicates the best possible model Kenny (2015). The threshold for this
value is > 0.90 (Hair et al., 2006; Byrne, 1994).

Tucker Lewis index (TLI). The TLI index is an incremental index. This fit index is
not affected by sample size. The threshold for this value is also > 0.90 (Hair et al.,
2006; Byrne, 1994).

The Goodness-of-fit Index (GFI). This index is used for the calculation of
proportions based on estimations of population covariance (Tabachnick et al., 2007).
As stated earlier, this measure has low popularity because of its sensitivity to sample
size. The traditional threshold for this fit index is > 0.90 (Hooper et al., 2008).

The Root Mean Square Error of Approximation (RMSEA). As stated in Chapter 3
(see Chapter 3, section 3.8.4) and cited by Diamantopoulos et al. (2000), RMSEA is
considered to be the most informative index as well as the most popular (Hooper et
al., 2008). For a model to have a good fit, the RMSEA of the model must be equal
or below 0.08 (Sarfaraz, 2017).
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The results for the preliminary measurement model are shown in Figure 6.1 and Table 6.1
respectively. The measurement model was drawn in AMOS version 21. In the
measurement model, one does not yet distinguish between the dependent and
independent variables. All latent variables are indicated by an oval. The model did not
achieve an overall good fit, as described with the following measurements: ¢ 2= 1235.078,
df=52 4, =2857dCGFI=0.845, IFI =0.847, TLI =0.824, GFI = 0.734 and RMSEA =
0.082.

Figure 6.1: The Preliminary Measurement Model
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Table 6.1: Results of the Preliminary Measurement Model

Items Estimate | AVE (R:ngztt)mtc; Correlations

PE <--> EE 0.291
PE1 <--- Performance_Expectancy 0.775 PE <--> SI 0.285
PE2 <--- Performance_Expectancy 0.902 PE <--> HM | 0.448
PE3 <-  Performance_Expectancy 0.905 0.743 0-920 PE <-> PV | 0272
PE4 <--- Performance_Expectancy 0.860 PE <->H 0.679
EE1 <---  Effort_Expectancy 0.539 PE <--> SC 0.281
EE3 <---  Effort_Expectancy 0.637 PE <--> FC 0.173
EE4 <--- Effort_Expectancy 0.690 0.526 0.815 PE <--> BI 0.545
EE5 <---  Effort_Expectancy 0.811 EE <--> SI -0.052
EE6 <---  Effort_Expectancy 0.693 EE <--> HM | 0.600
SI1  <---  Social_Influence 0.877 EE <-> PV 0.548
SI2 <  Social_Influence 0.971 0858 0-923 EE <->H 0.311
HM1 <---  Hedonic_Motivation 0.846 EE <--> SC -0.042
HM2 <---  Hedonic_Motivation 0.755 0.663 0.855 EE <-> FC 0.493
HM3 <---  Hedonic_Motivation 0.827 EE <--> BI 0.263
PV1 <--- Price_Value 0.708 SI <> HM 0.288
PV2 <--- Price_Value 0.668 0.559 0.790 Sl <> PV 0.036
PV3 <---  Price_Value 0.847 Sl <->H 0.411
H1 <---  Habit 0.704 SI <-> SC 0.264
H2  <--- Habit 0.662 SI <-> FC -0.092
H3  <-- Habit 0.582 SI <> BI 0.405
H4 <-- Habit 0.527 0.553 0.893 HM <--> PV 0.416
H5 <---  Habit 0.854 HM <--> H 0.575
H6  <--- Habit 0.902 HM <--> SC 0.121
H7  <-- Habit 0.895 HM <--> FC 0.270
SC2 <---  Source_Code 0.898 HM <--> BI 0.419
SC3 <---  Source_Code 0.901 0.598 0.849 PV <-->H 0.199
SC4 <---  Source_Code 0.762 PV <--> SC -0.121
FC1 <--- Facilitating_Conditions 0.666 PV <--> FC 0.437
FC2 <---  Facilitating_Conditions 0.615 PV <--> BI 0.371
FC3 <---  Facilitating_Conditions 0.808 0.523 0.845 <--> SC 0.517
FC4 <---  Facilitating_Conditions 0.808 <--> FC 0.068
FC5 <---  Facilitating_Conditions 0.716 <--> BI 0.699
Bll <---  Behavioural_Intention 0.500 SC <-> FC |-0.213
Bl2 <---  Behavioural_Intention 0.830 0.537 0.769 SC <--> Bl 0.231
BI3 <---  Behavioural Intention 0.823 FC <--> BI 0.303
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6.3.2 The Improved Measurement Model

After intense scrutiny of firstly factor loadings and then the modification indices (Ml)
supplied by AMOS, the following items with low factor loadings and/or high Ml values
(above 15) were deleted one item at a time (as prescribed by literature), starting with the
item that loaded the lowest (Awang, 2015): H4 = 0.527, EE1 = 0.539, H3 = 0.582, FC2 =
0.615, EE3 =0.637, H2 = 0.662, and FC1 = 0.666.

Figure 6.2: The Improved Measurement Model
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After the deletion of every item, a new measurement model was run. The constructs EE
and H had sufficient items, which reinforced the decision to delete these items. Awang
(2015) stated that item deletion should not exceed 20% of items in a model. In this study,
this criterion was met. The improved measurement model (see Figure 6.2) displayed an
overallgoodfitc 2 = 572. 846, df = 314, c2/ df =
0.914, GFI =0.838 and RMSEA = 0.064. All factor loadings for individual items were above
the 0.50 threshold. Therefore, unidimensionality was achieved for the measurement
model (see Table 6.2). This means that all items relate to the specific concept tested in
this research.

Table 6.2: Results of the Factor Loading

Performance Expectancy

| find QGIS useful in my daily life. 0.775
Using QGIS helps me to accomplish GIS tasks more quickly. 0.902
Using QGIS increases my productivity. 0.905
Using QG_I_S increases my performance, because | have access to more advanced 0.860
functionalities.
Effort Expectancy
Training material for QGIS is easy to find. 0.690
It is easy for me to become skilful at using QGIS. 0.811
Overall, | find QGIS easy to use. 0.693
Social Influence
People whose opinions | value prefer that | use QGIS. 0.877
People that are important to me think that | should use QGIS. 0.971
Hedonic Motivation
Using QGIS is fun. 0.846
QGIS is a user-friendly product. 0.755
Using QGIS is very entertaining. 0.827
Price Value
QGIS is good value considering that it is free. 0.708
| use QGIS because it is free. 0.668
QGIS is good value despite the fact that it is free. 0.847
Habit
The use of QGIS has become a habit for me. 0.704
The use of QGIS when viewing data has become a habit to me. 0.854
The use of QGIS when digitising has become a habit to me. 0.902
The use of QGIS to do analysis tasks has become a habit to me. 0.895
Source Code
I use the QGIS source code to understand how the software works. 0.898
| use the QGIS source code to customize the product for my own purposes. 0.901
| contribute to QGIS source code to improve the product. 0.762
Facilitating Conditions

QGIS is compatible with other geospatial technologies | use. 0.808
QGIS is compatible with all the data | use. 0.808
QGIS is compatible with the geospatial databases | use. 0.716
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Behavioural Intention

| intend to start using QGIS in the future. 0.500
| always try to use QGIS in my daily work. 0.830
| intend to continue to use QGIS in the future. 0.823

6.4 THE STRUCTURAL MODEL

The next step in the SEM analysis process is analysing the structural model. This model
is typically done in order to test the hypothesis and the relationships between its constructs
(Alshehri, 2012). Therefore, the goal of the structural model is to determine which
independent variables (performance expectancy, effort expectancy, social influence,
hedonic motivation, price value, habit, source code, and facilitating conditions) had a
meaningful impact on the description of the dependant variable (behavioural intention).
The model fit indices used during the assessment of the model fit of the measurement
model will still be used (see section 6.3.1). However, in the testing of the structural model,
the focus will also be on assessing the various hypotheses made. Therefore, when testing
the structural model, the measurement of both the measurement model, latent variables
and their related paths and covariances are confirmed (Garson, 2014). The criteria for
testing the hypothesis is as follows: p < 0.05 and t > 1.96, when p < 0.001 then t > 2.33 to

be found significant.

The structural model (see Figure 6.3) displayed a good level offitc 2 = 572. 846, df
c2/df = 1.824, CFI = 0.928, |l FI = 0.930, TLI
The fitted model therefore consists of a specific set of parameters that can define

behavioural intention of users more accurately.
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Figure 6.3: The Structural Model
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According to the analysis of the results, four of the eight hypotheses were significant (see
Table 6.3). The results indicated that performance expectancy did not have a significant
effecton GISSAmemb er s d i nt e GIS(0MB6, pt>d.05), therefd@e H1 was not
supported. Effort expectancy also did not positively predict behavioural intention to use
FOSSGIS (-0.179, p > 0.05). Social influence did have a significant positive effect on
behavioural intention (0.181, p < 0.05). Thus, H3 was supported. Hedonic motivation did
not significantly affect behavioural intention (-0.83, p > 0.05). Therefore, H4 was not
supported. Hypothesis 5 (H5), the relationship between price value and behavioural

intention was supported (0.270, p < 0.05). H6, the hypothesized relationship between
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habit and behavioural intention, was highly significant (0.651, p < 0.001). The relationship
between facilitating conditions and behavioural intention was also significant (0.231, p <
0.05). H7 was therefore supported. The hypothesized relationship between source code
and behavioural intention (H8) was not found significant (-0.099, p > 0.05). R? was 0.62,
which means that 62% of the variance in behavioural intention can be explained by the
structural model. This suggests that this adapted UTAUT2 model is capable of explaining

a high proportion of variance of behavioural intention to use and accept QGIS.

Table 6.3: Results of the Structural Model

Hypothesis Effect Séig?f?cr?;ﬁfsd p value t-value Results
H1 PE Y BI 0.056 0.531 0.627 Not supported
H2 EE Y BI -0.179 0.146 -1.453 Not supported
H3 Sl Y BI 0.181 0.015 2.444 Supported
H4 HM Y BI -0.830 0.432 -0.785 Not supported
H5 PV Y BI 0.270 0.004 2.90 Supported
H6 H Y BI 0.651 0.001 5.337 Supported
H7 FC Y BI 0.231 0.002 3.136 Supported
H8 SC Y BI -0.099 0.207 -1.263 Not supported

6.5 MODERATION

In order to know whether there is a moderator effect, one needs to look at measuring the
change in R? (Aguinis, 2004). The moderation results are attached at the back of this
thesis (see Appendices C i G). The change R? is used to determine the statistical
significance of the interaction term, therefore, whether it moderates the effect of an
independent variable (PE, EE, SI, HM, PV, H, FC and SC) on the dependant variable (BI).
The change in R Square further indicates the increase in variation explained. One can
therefore report whether the change was statistically significant when the interaction term
was introduced (Aguinis, 2004).

6.5.1 The Effect of Age
In this section, the analysis of the effect of age on PE, EE, SI, HM, PV, H, FC, SC and SS
on behavioural intention to use QGIS (H10) is discussed. Variables were inspected to see

whether critical ratios for the differences in parameters exceed the t > 1.96 threshold and
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whether p < 0.05 (see Appendix F). The analysis of the effect of age on the different
variables are summarised in Table 6.4. For the moderation analysis of the age variable,
the respondents were divided into two groups: younger users and older users.
Respondents that were 30 years and younger were divided into the younger group, while
respondents that were more than 30 years, were divided into the older group. The results
of the analysis of the MMR indicate that the change from the baseline model to the

constrained model in SPSS was not significant. Therefore:

H10, A Age wi | | moderate the effect of PE,
behaviour al i nt ewasnobsignificamt. use QGI So,

Table 6.4: Simultaneous Analysis of Age

t - value
Parameter Result
Younger Users Older Users
PE \4 BI 1.817 1.262 Not significant
EE Y BI -0.568 -0.925 Not significant
Sl Y BI 1.321 0.895 Not significant
HM Y BI 0.522 0.684 Not significant
PV Y BI 0.115 0.012 Not significant
H Y BI -0.596 -0.754 Not significant
FC Y BI 0.050 -0.001 Not significant
scC Y BI 0.050 -0.001 Not significant

6.5.2 The Effect of Gender

In this section, the analysis of the effect of gender on PE, EE, SI, HM, PV, H, FC, SC and
SS on behavioural intention to use QGIS (H11) is discussed. Variables were inspected to
see whether critical ratios for the differences in parameters exceed the t > 1.96 threshold
and whether p < 0.05 (see Appendix G). The analysis of the effect of gender on the
different variables is summarised in Table 6.5. For the moderation analysis of the gender
variable, the respondents were divided into two groups: male and female. The results of
the analysis of the MMR indicate that the change from the baseline model to the

constrained model in SPSS was not significant. Therefore;

H11, AGender will moderate the effect of PE, EE, Sl, HM, PV, H, FC, SC and SS on
behavioural intention to use QGISg was not significant.
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Table 6.5: Simultaneous Analysis of Gender

t - value
Parameter Result
Gender
PE Y BI -1.210 Not significant
EE \4 BI 0.557 Not significant
Sl \4 BI 1.949 Not significant
HM Y BI -0.334 Not significant
PV \4 BI -0.595 Not significant
H \4 BI 1.026 Not significant
FC \4 BI -1.000 Not significant
sC Y BI 0.308 Not significant

6.5.3 The Effect of GIS Experience

In this section, the analysis of the effect of GIS experience on PE, EE, SI, HM, PV, H, FC,
SC and SS on behavioural intention to use QGIS (H12) is discussed. Variables were
inspected (see Appendix H) to see whether critical ratios for the differences in parameters
exceed the t > 1.96 threshold and also whether p < 0.05. The analysis of the effect of GIS
experience on the different variables are summarised in Table 6.6. For the moderation
analysis of the GIS experience variable, the respondents were divided into four groups:
between 01 5 years, between 51 10 years, between 101 15 years and between 1571 20

years. The hypothesis was as follows:

H12: GIS experience will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS

on behavioural intention to use QGIS.

The analysis of the MMR results (see Table 6.6), indicated that the change from the

baseline model to the constrained model was not significant for the following variables:

PE, EE, HM, PV, H, and SC.
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Table 6.6: Simultaneous Analysis of GIS Experience

t - value
Parameter Result
07 5Years 57 10 Years | 10-15Years | 157 20 Years

PE Y BI 0.154 1.377 -0.668 -0.610 Not significant
EE Y BI -0.332 1.220 0.943 0.825 Not significant
Sl Y BI 1.120 2.257 1.334 0.205 Significant
HM Y BI -1.399 -0.454 0.524 -0.432 Not significant
PV Y BI -1.812 -0.763 0.570 -0.366 Not significant
H Y BI -1.607 0.511 -0.978 -1.025 Not significant
FC Y Bl 1.098 1.955 2.114 -0.079 Significant
sC Y BI -0.657 -0.315 -0.128 -1.879 Not significant

However, GIS experience did significantly influence (moderate) the effect of social
influence on behavioural intention. Therefore, the analysis of the MMR results indicated
that the change from the baseline model to the constrained model was significant. The
change in R?is 2.4%. This is the percentage increase in the variance explained by the
addition of the interaction term. This increase is statistically significant (t = 2.257, p = 0.025
and therefore, p < 0.05). It is further important to note that the relationship between social
influence and behavioural intention varied significantly between GIS experience groups
(see Table 6.6). This relationship (between social influence and behavioural intention) was
only statistically significant and notably much stronger for the between 5 i 10 years

experience group.

GIS experience did also significantly influence (moderate) the effect of facilitating
conditions on behavioural intention. Therefore, analysis of the MMR results indicated that
the change from the baseline model to the constrained model was significant. The change
in R?is 3.5%. This is the percentage increase in the variance explained by the addition of
the interaction term. This increase is statistically significant (t = 2.114, p = 0.036 and
therefore, p < 0.05). It is further important to note that the relationship between social
influence and behavioural intention varied significantly between GIS experience groups.
This relationship (between social influence and behavioural intention) was only statistically

significant and notably much stronger for the between 10 7 15 years experience group.
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6.5.4 The Effect of Educational Level

In this section, the analysis of the effect of educational level on PE, EE, SI, HM, PV, H,
FC, SC and SS on behavioural intention to use QGIS (H13) is discussed. Variables were
inspected (see Appendix ) to see whether critical ratios for the differences in parameters
exceed the t > 1.96 threshold and also whether p < 0.05. The analysis of the effect of the
educational level on the different variables are summarised in Table 6.7. For the
moderation analysis of the educational level variable, the respondents were divided into

two groups: undergraduate and postgraduate. The hypothesis was stated as:

H13: Educational level will moderate the effect of PE, EE, Sl, HM, PV, H, FC, SC and SS

on behavioural intention to use QGIS.

The analysis of the MMR results (see Table 6.7) indicated that the change from the
baseline model to the constrained model was not significant for the following variables:
PE, EE, SI, HM, H, FC and SC.

Table 6.7: Simultaneous Analysis of Educational Level

t - value
Parameter Educational Level Result

PE Y BI 0.921 Not significant
EE Y BI 1.3309. Not significant
Sl Y BI 1.517 Not significant
HM Y BI 0.200 Not significant
PV Y BI 2.728 Significant
H Y BI 0.402 Not significant
FC Y BI 0.316 Not significant
sC Y BI 0.543 Not significant

However, the educational level did significantly influence (moderate) the effect of price
value on behavioural intention. Therefore, the analysis of the MMR results indicated that
the change from the baseline model to the constrained model was significant. The change
in R?is 3.2%. This is the percentage increase in the variance explained by the addition of
the interaction term. This increase is statistically significant (t = 2.728, p = 0.007 and
therefore, p < 0.05).
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It is further important to note that the relationship between price value and behavioural
intention was statistically significant between all educational levels, but in different
directions. If the t value is positive (for the postgraduate level), then it indicates that the
effect of price value on behavioural intention increases as the level of education increases.
If the t value is negative (for the undergraduate level), then it indicates that the effect of

price value on behavioural intention decreases as the educational level drops.

6.5.5 The Effect of SAGC Registration

In this section, the analysis of the effect of SAGC registration on PE, EE, SI, HM, PV, H,
FC, SC and SS on behavioural intention to use QGIS (H14) is discussed. Variables were
inspected (see Appendix J) to see whether critical ratios for the differences in parameters
exceed the t > 1.96 threshold and p < 0.05. The analysis of the effect of SAGC registration
on the different variables are summarised in Table 6.8. For the moderation analysis of the
SAGC registration variable, the respondents were divided into two groups: registered and

not registered. The hypothesis was as follows:

H14: SAGC registration will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and

SS on behavioural intention to use QGIS.

The analysis of the MMR results (see Table 6.8), indicated that the change from the
baseline model to the constrained model was not significant for the following variables:
PE, EE, HM, H, FC and SC.

Table 6.8: Simultaneous Analysis of SAGC Registration

t - value
Parameter Result
Registration

PE Y BI 0.886 Not significant
EE Y BI 0.537 Not significant
Sl Y BI -2.144 Significant
HM Y BI 1.271 Not significant
PV Y BI 2.115 Significant
H Y BI -1.459 Not significant
FC Y BI -1.593 Not significant
sC Y BI -0.642 Not significant
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SAGC registration did significantly influence (moderate) the effect of social influence on
behavioural intention. Therefore, the analysis of the MMR results indicated that the
change from the baseline model to the constrained model was significant. The change in
RZis 1.9%. This is the percentage increase in the variance explained by the addition of
the interaction term. This increase is statistically significant (t = -2.144, p = 0.033 and

therefore, p < 0.05).

Furthermore, SAGC did also significantly influence (moderate) the effect of price value on
behavioural intention. Therefore, the analysis of the MMR results indicated that the
change from the baseline model to the constrained model was significant. The change in
R?is 2%. This is the percentage increase in the variance explained by the addition of the
interaction term. This increase is statistically significant (t =2.115, p =0.036 and therefore,
p < 0.05).

6.6 SUMMARY OF MODERATION RESULTS

The moderation effects of age, gender, GIS experience, educational level and SAGC
registration on the variables were tested and analysed. Results indicated that age and
gender had no moderation effect on any of the variables. However, GIS experience
moderated the effect of social influence and facilitating conditions on behavioural
intention. Also, the educational level moderated the effect of price value on behavioural
intention. Registration at the SAGC moderated the effect of both social influence and price

value on behavioural intention.

6.7 CHAPTER SUMMARY

In the first part of this chapter, the procedures and analysis of the model assessment were
discussed. This included the SEM analysis process which included the measurement
model, the structural model as well as the final model. In the latter part of the chapter, the
effect of moderation was analysed and explained. Chapter 7 will offer qualitative data

analysis.
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CHAPTER 7: QUALITATIVE ANALYSIS

7.1 INTRODUCTION

In the previous chapter, the analysis of the model was discussed. In this chapter, the
results of the qualitative analysis process followed during this study is discussed (see
Chapter 3, Figure 3.7). Twelve interviews were conducted with geospatial practitioners
from a wide variety of state departments, private industry and the educational sector.
These interviews were done in order to gain a better, richer understanding of the

guantitative results obtained by the SEM analysis of the adapted UTAUT2 model.
7.2 RESULTS OF QUALITATIVE ANALYSIS OF THE VARIOUS CONSTRUCTS

In this section, the qualitative analysis results obtained from the interviews are discussed.
The interviews were transcribed using the Otter mobile application software and were then
coded and analysed using the ATLAS.ti.8 qualitative data analysis software. The
constructs of the adapted UTAUT2 model (see Chapter 2, section 2.4.12 & Chapter 3,
section 3.4.1.1 for definitions) were group-coded, and the related interview questions (see
Appendix B) were used as the codes that were created through ATLAS.1i.8 software. The
results of each of these will therefore be discussed in relation to the constructs of the
adapted UTAUT2 model. These discussions will further be visually supported through
charts and graphs, an acceptable way to display data analysed during qualitative analysis
(Sekaran and Bougie, 2016; Verdinelli and Scagnoli, 2013). Furthermore, the results and
conclusions made will be supported and validated by reporting some of the direct quotes

from participants recorded during the initial interview process.
7.2.1 Performance Expectancy

During the interviews, participants were asked the following questions that relate to
performance expectancy:

1 Do you find QGIS useful in your daily life?

1 Does QGIS help you to accomplish tasks more quickly?

1 Does QGIS increase your productivity?
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1 Do you feel that QGIS increases your performance because you have access to

more advanced functionalities?

Most of the participants indicated that QGIS was not useful in their daily lives (see verbatim
guotes below, Figure 7.1). Summarised, a prominent reason for this response is that
certain corporate GIS software is prescribed by the employer and that participants
therefore feel that they are compelled to use products the company had bought. Some
also felt that their familiarity with such corporate software meant they would not be very

proficient at using alternative software such as QGIS.

Figure 7.1: QGIS is Useful in Daily Life: Par t i Rasgoasesd s 0

/ Positive Responses \

“Yes, | actually can't work without QGIS."

e

“... QGIS is the only one | use.”

e

“... whenever | need to do anything GIS my
default would be to go to QGIS.”

/ Negative Responses \

“... not very big on using QGIS.”

=

“| don't really use QGIS in my everyday life.”

—

“| don't use it in my daily life, because we
use GeoMedia.”

= /

Yes: 33%

However, participants 1, 4, 11 and 12 felt that QGIS is useful in their daily lives. Participant
1 indicated that it was difficult to work without QGIS and that it was essential, since it was
the only GIS software used by the participant. Participant 4 felt that it was useful because
it is open source and you can therefore take it everywhere. Participant 11 felt that it was
useful because it allowed him/her to have access to all the advanced tools for free and
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that they did not have to acquire different licence levels. Participant 12 mentioned that
they did not have access to other GIS software and that QGIS was therefore used as the

default software.

Most of the participants also felt that QGIS did not help them to achieve their GIS tasks
more quickly (see quotations below, Figure 7.2). Possible reasons included the fact that
they did not use it on a daily basis and therefore felt that their skill level was not of such a
nature that they could accomplish GIS tasks more quickly than with another GIS software.
Participant 1 said that it was his/her only tool and therefore could not say whether it was
quicker than others. Participant 4 felt that it was more complicated and difficult to use,

especially if you did not get training on it.

Figure 7.2: QGISHel ps t o Accomplish GI'S Tasks
Responses

/ Positive Responses \

“Well, it help me to accomplish tasks, stop.”

—_

“Yes, with the stuff | can’t get done in Esri
because of license stuff.”

/ Negative Responses \

‘I wouldn't say it's more quickly.”

e

“No, because | don't use it. | don't use it on
a daily basis.”

e

“Not really. Because Quantum GIS, | think
is more complicated to use.”

S — /

Yes: 25%

Participant 11 said that it was quicker to do some projects in QGIS since licensing

restrictions prevented the person from doing certain tasks with proprietary software.
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Participants mostly agreed that QGIS can increase your productivity if users became
familiar with the software (see quotations below, Figure 7.3). Participant 4 elaborated on
this by saying that it would increase productivity if you used it regularly (&very dayd and

not only for a certain project.

Figure 7.3: QGISI| ncreases Productivity: Particip:

/ Positive Responses \

“... it does increase my productivity.”

e

“Yes, it does. If you use it every day.”

=

“Absolutely, absolutely. So | wouldn't be
able to work essentially.”

/ Negative Responses \

“I'm not very well versed in it.”

e

“I will say, no.”

“... if you just use it for a certain project. |
don't recommend it.”

N _/

Yes: 50%

Most participants said that QGIS did not necessarily increase their performance (see
guotations below, Figure 7.4). Participant 3 said that, when compared to other GIS
software, QGIS was not user-friendly. Participant 5 said that the software they were using
already have advanced functionalities and that they only use QGIS to view data. However,
participants 11 and 12 said that QGIS did increase performance because of all the add-

on tools you can get from the library.
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Figure 7.4: QGISI ncr eases

Perfor mance:

Yes: 42%

Part

/ Positive Responses

!

“Yes, the fact that you can go into your
Python library and install different other
sets of tools ..."

—

“Yes, | think it definitely, it will be able to

couple of nice features that | found quite
useful.”

increase your performance because it has a

/ Negative Responses

“No, | don'tthink so ..."

=

“| will say, no.”

_/
<

“... no it doesn't because we don't fully
implement it in the enterprise ..."

=

J

In conclusion, most participants said that QGIS did not help them to achieve their tasks

more quickly, nor did it increase their performance and that it was not useful in their daily

lives. Overall, there was a neutral feeling about QGIS increasing productivity (see Figure

7.5).
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Figure 7.5: Performance Expectancy -Summary of Participantsao

No Yes No Yes No Yes No Yes

QGIS is Useful in Your Daily Life QGIS Helps You to Accomplish Task QGIS Increases Your Productivity QGIS Increases Your Performance
More Quickly

7.2.2 Effort Expectancy

During the interviews, participants were asked the following questions that relate to effort
expectancy:

1 Is it easy to find training material for QGIS?

1 Is it easy to become skilful at using QGIS?

1 Overall, do you find QGIS easy to use?

According to most of the participants, it is easy to find training material for QGIS (see
guotations below, Figure 7.6). They added that they use the internet to get whatever they
need and that possible reasons are that is open source and that there are associated
forums. Participant 3 and 4 said that there was not enough training material for QGIS.
Participant 10 did not know, because no search was ever performed for any training
material about QGIS.
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Figure 7.6: Easy to Find TrainingMat er i al f or QGIR&pongearti ci p:

/ Positive Responses \

Its way easier to get material for QGIS ...” |

v

‘The training material is quite easy to find.” |

|

“Yes, you go on to the QGIS website and
there's the cookbook and all the stuff.”

Negative Responses \

\

Yes: 75%

4

“With regards to training material, | don't
think there is enough training materials.”

—

“I never looked for actual material for QGIS.”

\— Y

All participants except participant 3 felt that it is easy to become skilful at using QGIS (see
guotations below, Figure 7.7). Participant 2 said that the reason is that you have access
to QGIS all the time (on your tablet or laptop) since it is free. Others reported the online
videos and forums as reasons for it being easy to become skilful at using QGIS. Participant
10 felt that the fact that there are so many functionalities that you can access which cannot
be accessed on other software makes it easy to become skilful at using QGIS.
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Figure 7.7: Easy to Become SkilfulatUs i ng QGI S: PResponsesi pant s 6

/ Positive Responses \

“Yes, | think so it's also MOOCs ...”

=

‘I would think so.”

“| think it is because there are quite some
videos that you can watch with regards to
QGIs.”

Yes: 83%

/
\

/ Negative Responses

“l don't think QGIS is easy, | don't find it easy.”

—_

“| tried to use it but | could not get a lot of the
functions that you get in other software ...”

=

Most of the participants said that QGIS is easy to use, especially if you are a GIS operator
(see guotations below, Figure 7.8). Participant 11 said that although QGIS is easy to use,
the Python environment in QGIS was on such a high level that a normal GIS operator
would not understand it. Participant 3 and 4 said that they struggled to get all the functions

and features needed to do a task.
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Figure 7.8: QGISisEasytoUs e: Par t Respopsesit s 6

/ Positive Responses \

“Yes, itis a simple product.”

=z

“..it is easy to use QGIS if you are a GIS
operator ...”

—

“... overall | would say it's an easy platform
to use straightforward ...”

— /
\

/ Negative Responses

Yes: 67%

“| think it's not very useful or easy to use.”

—_—

“| don't think QGIS is easy, | don't find it easy.”

—

| think it's quite complicated ...

_J

With regards to effort expectancy, most of the participants agreed that it was easy to find
training material for QGIS and that QGIS is easy to use. They also agreed that it is easy

to become skilled at using QGIS (see Figure 7.9).
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Figure 7.9: Effort Expectancy -Summary of Partici pantso

No Yes No Yes No Yes
Easy to Become Skilful at Using QGIS Easy to Find Training Material for QGIS Find QGIS Easy to Use

7.2.3 Social Influence

During the interviews, participants were asked the following questions that relate to social
influence:
1 Do people whose opinions you value prefer that you use QGIS?

1 Do people who are important to you think that you should use QGIS?

Most of the participants said that people whose opinions they value, prefer that they use
QGIS (see guotations below, Figure 7.10). Participant 5 said that his/her managers
probably think it is a good idea to shift to using QGIS, as cost-saving factor, but that there
is reluctance to do so because they do not know if QGIS can meet their software
requirements. Participant 8 said that the main reason for using it was because fthose
people referred [him/her] to QGISa Participant 11 said that it did not matter what others
think, as long as the job gets done. However, participant 2 said that his/her work would
seem less valid and of a poor quality if it were done using QGIS.
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Figure 7.10: People whose Opinion You Value Prefer that You Use QGIS:

Participantsd Responses

/ Positive Responses \

“| think the main reason why | am using
QGIS, is because those people, referred
me to do the package, soyes.”

—

“Probably yes, but | do think, if | can be arro-

gant | probably influenced more people to

use QGIS ...”

/ Negative Responses

“l find that most people find your work, to be
more valid when you use other software's
that are bought, as opposed to the open
source software.”

—_

“l can't say that, that people expect me to
use it.”

N J

@

Yes: 58%

Most of the participants said that people who are important to them think that they should
use QGIS. Participant 6 said that they were taught at Technicon that QGIS is just as good
as any other package. Participant 12 said that they were influencing others to use QGIS.
Participants 1,2,3,4 and 7 said that people that are important to them preferred that they
used proprietary software. Participant 1 said that they had become accustomed to QGIS,

but other people always asked why proprietary software is not used instead.
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Figure 7.11: People who are Important to You Think that You should Use QGIS:

Participantsd Responses

/ Positive Responses \

“... people, referred me to do the package so
yes, on both accounts. “

—

“... he wants us to use it so it was important
for him to have a free and save money. So
yeah.”

/ Negative Responses \

“l can't say that people expect me to use it.”

_

“l would say, no ...”

Z—

“... most of the people that they asked about
QGIS, saidno ...”

— J

Yes: 50%

In general, participants agreed that people whose opinions they value and that are
important to them, thought that they should be using QGIS. In some cases, they said that
the reason for these people recommending QGIS is that it is free (see Figure 7.12).
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Figure 7.12: Social Influence-Summary of Participants?o

No Yes No Yes

People who are Important to You Think that You People whose Opinions You Value Prefer that You
should Use QGIS Use QGIS

7.2.4 Hedonic Motivation

During the interviews, participants were asked the following questions that relate to
hedonic motivation:

1 Is using QGIS fun?

1 Do you think that QGIS is a user-friendly product?

1 Do you think that using QGIS is entertaining?

Fifty percent (50%) of the participants did not think that using QGIS was fun, mainly
because it is used for work purposes (see quotations below, Figure 7.13). Participant 4
and 9 felt that it was not fun to use since it was difficult to use and not user-friendly.
Participants 2,8,10 and 11 considered QGIS fun to use. Participant 5 said that GIS is also
fun to use, not only QGIS.
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Figure 7.13: Using QGISisFun: Par t iRespomsesnt s 0

/ Positive Responses \

“...itis very fun.”

“I would say any GIS software is fun to use.”

_

“I think so, it was fun playing around with ...”

= Y/
\

/ Neqgative Responses

Yes: 50%

“l would not describe it as fun ...”

=

“I don't really think it’s fun because if some-
thing is complicated for you, you won't enjoy
working on it.”

— _

The majority of participants were of the opinion that QGIS is a user-friendly product (see
guotations below, Figure 7.14). Participant 11 said that if you played around in QGIS a
little you would find whatever you were looking for. However, participants 1,3,4,8 and 9
felt that QGIS is not a user-friendly product. Participant 11 felt that it is not a user-friendly
product because of all the add-ons in the GUI. Participant 8 felt that it takes a bit of time
togetusedtoallt he sof t wa Paetidigant § telt that sompared to other GIS

software, it is not user-friendly.

140



Figure 7.14: QGIS is a User-Friendly Pr oduct : P a Rdspoasep ant s o

/ Positive Responses \

“It's quite user-friendly.”

\

“Yes, it is user friendly.”

\

“Yes, | do. Even if you play around a bit,
you'll find whatever you're looking for.”

Yes: 58%

ﬁ

/
<

<

Negative Responses

“No, | don't think its user friendly ...”

V

“l wouldn't necessarily call it user friendly, it's
not un-user friendly ..."

= .

Fifty percent of the participants felt that they cannot describe using QGIS as entertaining
(see quotations below, Figure 7.15). Participant 1 and 7 said that if something is results-
based and used for work purposes, it cannot be entertaining. Participant 9 felt that it was
not entertaining to use because they struggled with the GUI. Participant 5 felt that any GIS
is entertaining because it challenges your mind. Participant 4 said that maybe if they tried

to use it more often, it would become entertaining.
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Figure 7.15: Using QGISisEnt er t ai ni ng: Rdspondes ci pant so

/ Positive Responses \

“| think this is entertaining, it's a nice tool.”

—

“Any GIS is entertaining. It challenges you ...”

—_

“Maybe it can be entertaining if | try and use
it more often ...”

/ Negative Responses \

“l wouldn't see it as an entertaining tool ..."

—_

“NO.”

“Definitely not entertaining because the GUI
is so confusing ..."

— S

Yes: 50%

In conclusion, although most participants felt that QGIS is a user-friendly product, only
half of the participants felt that it is fun and entertaining. Some of the reasons given for it

neither being fun, nor entertaining was that it was being used for work purposes (see

Figure 7.16).
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Figure 7.16: Hedonic Motivation-Su mmary of Partici pantso

No Yes No Yes No Yes
QGIS is a User-Friendly Product Using QGIS is Entertaining Using QGIS is Fun

7.2.5 Price Value

During the interviews, participants were asked the following questions that relate to price
value:

1 Do you think that QGIS is good value considering that it is free?

1 Do you use QGIS because it is free?

1 Do you think that QGIS is good value despite the fact that it is free?

All of the participants agreed that QGIS is good value considering that it is free (see
guotations below, Figure 7.17). The participants were extremely positive about the fact
that such a good GIS software tool with all its plugins is available for free. Participant 4

felt that it is good value, provided you are not working on big projects.
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Figure 7.17: QGIS is Good Value Considering thatitisFr ee: Parti ci pant

Responses

/ Positive Responses \

“Yes, I'm sure it's good value ..."

“l do | honestly feel like it is a very good
4 \ software for a free software.”

/ \
/ \
/ \ =
\

[ \ “Yes, | would have to say yes 'musing it
| because it is free ...”

Yes: 100% Z”"/

“I'm using QGIS, because it's free, but at the

Negative Responses

No negative responses from participants.

—

Most of the participants stated that they were using QGIS because it is free (see
guotations below, Figure 7.18). Some participants included other reasons for using it.
Participant 11 said that they were using it because it is free, easy to obtain and not
complicated to set up. Participant 3 also said that you could use it without subscribing.
Participant 7 said that it is free and compatible with other software. Participant 12 said that

even they had to buy the software, they would still use QGIS.
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Figure 7.18: You Use QGIS becauseitis Fr e e : Par tResponpes nt s 6

Yes: 75%

/ Positive Responses \

“Yes, | would have to say yes ..."

=

“Seeing that it is free and that's precisely the
reason why luseit...”

=

“Yes, | would have to say yes I'm using it

/ Negative Responses

“If | don't have a license to use something
else I'luse QGIS ...”

—_

“l don't use QGIS, because it is free ..."

\ = Y,

All participants agreed that QGIS is good quality even though it is free (see quotations

below, Figure 7.19). Participant 8 said that it was one of the best free software they have

ever used; that there are no usage restrictions on any of the features and functionalities.
Participant 11 felt that the support for QGIS is getting bigger all over the world and that
there are many developments within the QGIS platform. Participant 5 said that, although

it is definitely good value, they must still use their enterprise software in the workplace.
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Figure 7.19: QGIS is Good Value despite the Fact thatitisFr ee: Part

Responses

/ Positive Responses \

Yes: 100%

“It is good value despite it being free ..."

=

“ think in terms of free software that is, it is
pretty much one of the better packages ..."

=

“I'm using QGIS, because it's free, but at the
same time it's a very good product ..."

—

“Yes. | use it because it is free and | can in-

Kstall it on my laptop, use it everywhere | D

Negative Responses

No negative responses from participants.

—

The participants agreed that QGIS was good value considering that it is free and despite

the fact that it is free. Most of the participants also agreed that they use QGIS because it

is free (see Figure 7.20).
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Figure 7.20: Price Value-Summary of Participantsdé Res

No Yes No Yes No Yes
QGIS is Good Value Considering that itis Free  QGIS is Good Value Despite the Fact that it is Use QGIS because itis Free
Free
7.2.6 Habit

During the interviews, participants were asked the following questions that relate to habit:
1 Has using QGIS become a habit for you?

1 Has using QGIS when viewing data become a habit for you?

1 Has using QGIS when digitising become a habit for you?
1

Has using QGIS to do analytical tasks become a habit for you?

Responses of participants are split in half about the feeling that QGIS has become a habit
for them (see quotations below, Figure 7.21). Participant 1 said that they use very little
other tools. Participant 7 said that it has become a habit since it is the GIS software being
used at home once they leave the office. Participant 8 said that it is difficult to say if it has
become a habit, but that they would definitely use it again. Participant 2, however, said
that it is not a habit because they use ArcGIS. Participant 3 said that it was too difficult to
use and therefore it did not become a habit. Participant 5 said that it is not a habit, because

software prescribed by the department is used.
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Figure 7.21: QGIS has become aHabitforYou: Par t iRespopsesnt s 0

/ Positive Responses \

“Yes, | mean | use very little other tools ...”

—

“Yes, itis the product | use ...”

\

“| definitely use QGIS above the other
software packages ...”

/ Negative Responses

“No, it didn't become a habit for me.”

Yes: 50%

ﬂ

/
<

\

“Not forme ..."

“Definitely no to all these questions, | prefer
to use ArcGIS.”

— S

The majority of participants felt that QGIS has become a habit to them when viewing data.
Some agreed that they only use it for this purpose and not for digitizing and analysing (see
guotations below, Figure 7.22). Participant 11 said that they use it for viewing data since
it can handle different data formats better. Participant 5 said that although they do not use
QGIS often, their sales section uses it frequently to view data. Participants 2, 3, 4 and 9
said that viewing data with QGIS has not become a habit for them.
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Figure 7.22: Using QGIS when Viewing Data has become a Habit for You:
Par t i c iRpspanses 0

/ Positive Responses \

‘| use QGIS for visualizing data, yes.”

=

“Yes, because it's sometimes just easier ...”

—_

“Yes, it is the product | use and | use it for
viewing data a lot.”

= /
<

/ Negative Responses

Yes: 58%

“l only used it once, then it was complicated,
then | did not use it again.”

P

“Definitely no to all these questions, | prefer
to use ArcGIS.”

N Y

The majority of participants indicated that the use of QGIS when digitizing has not become
a habit for them (see quotations below, Figure 7.23). Participant 1, 5 and 11 said that
although they use QGIS for visualising data, they are not using it for digitising. Participant
5 did, however, also say that some of the contractors working for their company did use it
for data capturing. Participant 6 said that digitising with QGIS has definitely become a
habit. Participant 7 reported using QGIS for digitizing when out of the office.
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Figure 7.23: Using QGIS when Digitising has become a HabitforYou: Parti ci pa
Responses

f / Positive Responses \
“... definitely has become a habit to use ...”

_

“Definitely has become a habit ... “
“l can use the very same data to view and
analyse data from my home using QGIS.”
Yes: 25% \Z// /
/ Negative Responses \

‘| can't really say that it has.”

e

“On all four of these questions, no ...”

=

“Unfortunately, | haven't really digitised in
QGIs.”

e

“Definitely no to all these questions, | prefer

Most of the participants agreed that they were not using QGIS for analytical tasks
habitually (see quotations below, Figure 7.24). Participant 6 added that they tend to do
the analytical tasks elsewhere because of the way they were taught. Participant 2 said
that they used the proprietary software for analytical tasks. However, participant 11 said

that they would rather perform analytical procedure in QGIS because it is sometimes

easier to set up and carries no additional licensing expenses.
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Figure 7.24: Using QGIS to do Analytical Tasks has become a Habit for You:
Par t i c iRpspanses 0

/ Positive Responses \

“I think to do analytical tasks, definitely.”

_

“Yes, certain stuff | would rather do in QGIS
because of licenses.”

=

/ Negative Responses \

“l only used it once, then it was complicated,
then | did not use it again.”

e

“| tend to do a little bit more of the analytical
stuff elsewhere ...”

e

“ ... with regards to this habit. All the answers
is no.”

= /

Half of the participants felt that using QGIS is a habit for them. However, most of the

Yes: 33%

participants agreed that using QGIS only for viewing data has become a habit for them.

This was not the case for digitising and analytical tasks (see Figure 7.25).
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Figure 7.25: Habit - Summary of Par t i c i Resporisasd

No Yes No Yes No Yes No Yes

Using QGIS is a Habit for You  Using QGIS to do Analytical Tasks is  Using QGIS when Digitising isa  Using QGIS when Viewing Data is a
a Habit for You Habit for You Habit for You

7.2.7 Source Code

Source code is the set of programming commands that construct a software programme.
Free and Open Source software (FOSS) gives developers and users the ability to use,
share, develop and contribute to the functioning of the software. During the interviews,
participants were asked the following questions that relate to source code:

1 Do you use the QGIS source code to understand how the software works?

1 Do you use the QGIS source code to customize the product for your own purposes?

1 Do you contribute to the QGIS source code to improve the product?

Most of the participants agreed that they are not using source code to understand how
the software works. Participant 5 was the only person that said that it was used in his/her
company to help with orthophoto mapping. The rest of the participants said that they
usually do not go into the programming side of GIS.
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Figure 7.26: You Use the QGIS Source Code to Understand how the Software
Wor ks: Par taesmponggant sdé R

A\

Positive Responses

“We did try one or two. So we got people to
actually use the source code ...”

e

/ Negative Responses \

“‘No, | don't use source code and | don't
contribute to programming ...”

—

“‘No. Never. Never contributed or, | don't
know that side ...”

=

“No, | haven't done anything on that part.”

=

‘I don’'t mess around in the source code.”

S

All the participants agreed that they do not use the QGIS source code to customize the
product for their own needs. Participant 8 felt that there was no need to customize the
product. Participant 11 said that they would love to but was just more comfortable with
doing that in the Esri environment. Participant 12 said that they do not mess around with
the source code.
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Figure 7.27: You Use the QGIS Source Code to Customize the Product for Your

OwnPur poses: P aRespomsesp ant s 6

Positive Responses

No positive responses from participants.

—_—

/ Negative Responses \

“No, never done that before.”

=

‘| don't contribute to this code at all. | use it
asitis.”

—

“| think the source code is Python. So, I've
got a little bit of background on Python, but
I've never played with this before ...”

—

“Okay, so no, on all three questions no. |
didn't have any reason to go and look at the
source code ...”

= /

All participants indicated that they do not contribute to the QGIS source code to improve
the product. Participant 11 wanted to, but was struggling to do so. Participant 8 said that
he/she was not contributing yet, but might do so in future. Participant 1 said that they are
not using it for the source code and do not contribute in return.
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Figure 7.28: You Contribute to the QGIS Source Code to Improve the Product:
Partici p a nRespoénses

Positive Responses

No positive responses from participants.

—

/ Negative Responses \

::N 0-::

L

“No, | don't use for source code and | don't
contribute to programming.”

—

“| am sure those people in the office doing
those does contribute back. Personally
myself, no.”

=

“Not yet, but you never know what the future
holds, so it might be something that I'll look
into.”

= /

Participants are not using QGIS for its source code and most indicated that they did not

understand that aspect of GIS and therefore also did not customize or contribute to the

product (see Figure 7.29).
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Figure 7.29: Source Code - Summary of Par t i c i Resporisesso

[ ]

No Yes No Yes No Yes
Use the QGIS Source Code to Understand how Use the QGIS Source Code to Customize the  Contribute to the QGIS Source Code to Improve
the Software Works Product for Own Purposes the Product

7.2.8 Behavioural Intention

Behaviour al i ntention is defined as a person
(Fishbein & Ajzen, 1975). During the interviews, participants were asked the following

guestions that relate to behavioural intention:

1 Do you intend to start using QGIS in the future?

1 Do you always try to use QGIS in your daily work?

1 Do you intend to continue to use QGIS in the future?

Most participants stated that they intend to start using QGIS in future. Participants 1, 4, 6,
8, 11 and 12 explained that they are already using QGIS and plan to use it in future.
Participant 5 explained that as soon as they went on pension and did not have access to
proprietary software anymore, they were going to start using QGIS. Participant 9 felt that
because of certain project commitments at work, QGIS will never be used. Participant 10
said that in future QGIS will in fact be used, yet only to teach people GIS skills, not for
daily tasks. Participant 11 also explained that QGIS is useful in their daily lives since it
provides access to all advanced GIS functionalities.
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Figure 7.30: You Intend to Start Using QGISintheFut ur e : Part.i

Responses

K Positive Responses \

“... definitely using it in the future.”

=

“I'm definitely going to use QGIS again in
future work.”

e

“I'm going to keep on using it in future ...”

Yes: 83% f Negative Responses \

“| am not seeing in the future that | will be
using QGIS ...”

—

“| prefer using QGIS in future, but not for me.
Helping other people that doesn’t have any
GIS software ...”

— Y

The majority of participants said that they are not using QGIS in their daily work.
Participant 2 said that it is not part of daily map drawing routines currently, but that the
intention exists to use QGIS in the future. Participant 3 preferred other proprietary GIS
software for daily work purposes. Participant 4 said that they are not using it for daily work
since they are using ArcGIS for that purpose. Participant 9 said that although they are not
using it in their daily work, some of their sales personnel are currently using it on a daily
basis. Participant 12 said that QGIS is the only software they use, since they do not have

access to expensive licences.
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Figure 7.31: You Always Try to Use QGIS in Your Daily Wor k: Parti ci pant
Responses

/ Positive Responses \

“| will stick with QGIS.”

e

“Yes, I'm an ad hoc GIS user, which means |
don't have access to license expensive soft-
ware. So whenever | need to do anything
GIS, my default would be to go to QGIS.”

/ Negative Responses \

“No, at work we don't use the QGIS ...”

=

“No. | prefer to use the recent ones like
ERDAS and ArcGIS.”

=

“1 don't use it in my daily life, because we
use GeoMedia.”

S Wy

Yes: 33%

Most of the participants said that they did intend to continue to use QGIS in future.
Participant 4 said that they would definitely use it in the future since it is free. Participant
5 said that as soon as they did not have access to proprietary software, they would use it.
Participant 11 plans to use it more in the future. Participant 9 and 10 said that they would

not be using QGIS in future.
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Figure 7.32: You Intend to Continue to Use QGISintheFut ur e: Partici pa

Responses

/ Positive Responses \

“| will definitely continue to use it.”

=

“I'm definitely going to use QGIS again in
future work.”

—_

“I'm going to keep on using it in future ...”

N /
<

Yes: 83% /
Negative Responses

“l am not seeing in the future that | will be
using QGIS.”

=

“I prefer to use the recent ones like ERDAS
and ArcGIS.”

= Yy

Although most participants indicated that they are not currently using QGIS for their daily

work, they did plan to use it in future (see Figure 7.33).

159



Figure 7.33: Behavioural Intention - Summary of Par t i c i Resporisas6

No Yes No Yes No Yes
Intend to Start Using QGIS in the Future Always try to Use QGIS in Daily Work Intend to Continue to Use QGIS in the Future

7.2.9 Facilitating Conditions

During the interviews, participants were asked the following questions that relate to
facilitating conditions:

1 Is QGIS compatible with other geospatial technologies you use?

1 Is QGIS compatible with all the data you use?

1 Is QGIS compatible with the geospatial databases you use?

The majority of the participants responded that they thought QGIS is compatible with all
the geospatial technologies that they use. Participant 5 thought that QGIS is compatible,
but that he/she is not an expert in using QGIS. Participant 11 said that all the available
plugins within QGIS also assisted with making it compatible and that it gives greater
analytical opportunities to the user. Participants 1, 4 and 8 said that they did not use any
other geospatial technologies and therefore they were not sure.
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Figure 7.34: QGIS is Compatible with Other Geospatial Technologies You Use:
Par t i c iRpspanses 0

/ Positive Responses \

“Yes, it is compatible, because the kind of
data that | use for ArcGIS and ERDAS can
also be used on QGIS. So it is compatible.”

e

“I think it is definitely compatible.”

=

“Yes it is compatible with other spatial

geospatial technologies ... | use GPS data
and it is compatible with that.”

Yes: 75% 7 /
\

/ Negative Responses

“l don't really use other geospatial
technologies.”

=

“l don't use any geospatial technologies or
databases, so difficult to say.”

\ = Y

All participants agreed that QGIS is compatible with all the data that they use. Participant
5 said that it is compatible, because a lot of their clients use their data within QGIS.
Participant 11 said that if certain data would not open with proprietary software, QGIS is

always used, and if data did not open in QGIS, then something was wrong with the data.
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Figure 7.35: QGIS is Compatible with All the Data You Us e :

Parti

Responses

f Positive Responses \

;’///

(.

Yes: 100%

“Yes, it is compatible for my data.”

=

“Yes, it is compatible because a lot of people
that are using our data use QGIS.”

—

‘I have to say yes to all ... it seemed to be
compatible with everything ..."

—

“I think it is definitely compatible, | assume all

\the data can be opened in QGIS “ /

Negative Responses
No negative responses from participants.

—_—

Most participants also agreed that QGIS is compatible with the geospatial databases that
they use. Participant 7 said that QGIS is used outside of the office and it is compatible
with whatever tasks were performed at the office. Participant 9 said that even the
databases from ArcGIS can be opened in QGIS. Participant 4 and 8 never tried to use

any databases in QGIS and therefore did not know whether it is compatible.
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Figure 7.36: QGIS is Compatible with the Geospatial Databases You Use:

Partic i p a Resgodses

/ Positive Responses \

“Yes, with my PostgreSQL.”

e

“I'm a big believer of storing my data in a
database or not in some project format and it
is compatible with both Sequel and Oracle
so I'm comfortable with that.”

e

“Yes, it is compatible, because the kind of
Yes: 83% data that | use for ArcGIS and ERDAS can
also be used on QGIS. So itis compatible.”

Negative Responses

“| don't use any geospatial technologies or
databases so it's difficult to say.”

—

The participants generally agreed that QGIS is compatible with all geospatial

technologies, data and geospatial databases that they use (see Figure 7.37).
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Figure 7.37: Facilitating Conditions - Summary of Par t i c i Resporisast

No Yes No Yes MNo Yes

QGIS is Compatible with other Geospatial QGIS is Compatible with All the Data YouUse  QGIS is Compatible with the Geospatial
Technologies You Use Databases You Use

7.2.10 Software Support

Software support is explained in terms of the availability of resources for the software from
both the supplying vendor and the employer, and whether there will be technical and
software assistance for the acquired system. During the interviews, participants were
asked the following questions that relate to software support:

1 Is the software support for QGIS products good?

1 Is the software support for QGIS expensive?

i Do you know who to contact when you need software support for QGIS?

i Do constantly need face-to-face software support for your GIS work projects?

1 Is software support that the internet offers (blogs, on-line manuals, videos and

tutorials etc.) in terms of QGIS more than enough for you?

More than half the participants felt that software support for QGIS products was good.
Participants 1, 7 and 9 said that, whenever they needed support for QGIS, they used the
internet. Participant 5 did not know what support is like, because they did not use QGIS

for production purposes. Participant 10 said that QGIS was not used and he/she therefore

164



never looked for QGIS support. Participant 11 felt that fthey should add a bit more writing

novices to better understand the libraries useda

Figure 7.38: Software Support for QGIS ProductsisGood: Par

Responses

Yes: 58%

ti

/ Positive Responses \

“Itis good support.”

to use them.”

“... there's a lot of manuals available in order

—_

“Yes, because so many people contribute .

\ /
<

/ Negative Responses

“| never looked for software support, QGIS
support.”

—

“... would think they should add a bit more
writing novices to better understand the
libraries and stuff they use.”

\ =

J

Ci

More than half of the participants did not feel that the support for QGIS is expensive

because it is free software. This indicated that the participants might not have fully

understood the question since support for QGIS may be bought from private companies.

Participants 5, 8, 9, 10 and 11 indicated that they did not know the answer to this question

since they never needed software support for QGIS.
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Figure 7.39: Software Support for QGIS is Expensive: Participa n t Re$ponses

/ Positive Responses \

“Yeah, so | don't know, | can’t say.”

e

“Is it expensive? | really can't answer that |
have no idea.”

—_
\- y
/ Negative Responses \

“It's not expensive.”

“No, it's not expensive as it's a free open
source ...”

—_

“‘No, it's free.”

N J

Most participants did not know who to contact when they needed software support for
QGIS. They mostly agreed that they only knew about online video support offered by the
internet in terms of QGIS. Only participants 5, 11 and 12 did know who to contact for

support.
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Figure 7.40: You Know Who to Contact when You Need Software Support for
QGI S: Par tResponpesnt s 6

/ Positive Responses \

“l know who to contact, yes.”

=

“Yes, like | said, Kartoza or | think there's also
online community probably with the develop-
ers and stuff on the QGIS website.”

/ Negative Responses \

“... | don't know who to contact.”

=

“| don't know who to contact when QGIS fails
me or | failed QGIS.”

—

“1 don't really know who to contact but | think
| would be able to find that online.”

N y

Yes: 33%

Only two participants said that they needed face-to-face support for their GIS work
projects. Others felt that you must ffigure it out on your ownoand that they use the internet
for support. Participant 5 said that they use software support for the enterprise software

that they use.
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Figure 7.41: Constantly Need Face-to-Face Software Support for Your GIS Work
Projects: Pd&espanges pant so

4 N

Positive Responses

“Yes, | actually did ask one of my colleagues
a couple of questions ..."

=

\_ /
/ Negative Responses \

“| don't need face to face support ..."

=

“No. So you figure this stuff out yourself and
you go to the Internet and Google.”

_

“Whenever | get stuck | just go on Google
and search whatever | am stuck on. | don't
need face to face help ...”

=

‘I never had a need for face to face software
support of QGIS.”

= /

Yes: 17%

The participants agreed that the software support that the internet offers (blogs, on-line
manuals, videos and tutorials, etc.) was sufficient for them. They agreed that there was a
magnitude of information on the internet on how to use QGIS. Participant 4 felt that even
though Internet support might not be sufficient, there would be something that you could

use to solve your problem.
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Figure 7.42: Software Support that the Internet Offers (Blogs, On-Line Manuals,
Videos and Tutorials, etc.) in terms of QGIS is more than enough for You:

Part i c iRpspanses 0

K Positive Responses \

“It's enough.”

“For most of the things that | wanted to do, |
could find answers online.”

—

“Yes, | think so there's more than enough to
give you a good start.”

_

Yes: 92% \?bsolutety.” /

/ Negative Responses

“| think when it comes to the videos and
tutorials online manuals, | think even though
it's not enough but there is something that
can be very helpful for you.”

— Yy

In terms of software support for QGIS products, participants agreed that it was good,
inexpensive, that the support that the internet was offering them was enough, and that
they therefore did not need face-to-face support for GIS projects. However, participants

did not know who to contact when they in fact needed support for QGIS (see Figure 7.43).
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Figure 7.43: Software Support - Summary of Parti ¢ i p e&Respanées

No Yes No Yes No Yes No Yes No Yes
Software Support for QGIS Software Support for QGISis  You Know who to Contactwhen Constantly need Face-to-Face Software Suppert for QGIS that
Products is Good Expensive You need Software Support for  Software Support for your GIS  the Internet Offers is more than
QaGls Work Projects Enough for You

7.3 SUMMARY OF QUALITATIVE ANALYSIS RESULTS

In terms of performance expectancy, most participants felt that QGIS did not help them to
achieve their tasks more quickly, nor that it increased their performance, and that it was
not useful in their daily lives. There was a neutral opinion about QGIS increasing

productivity.

With regards to effort expectancy, most of the participants agreed that it was easy to find
training material for QGIS, and that QGIS was easy to use. The participants also reported

that it was easy to become skilled at using QGIS.

In general, in terms of social influence, participants agreed that people whose opinions
they value and that are important to them, thought that they should be using QGIS. In
some cases, they indicated that the reason for their influential people recommending
QGIS was that it is free software.

When looking at hedonic motivation, although most participants felt that QGIS is a user-
friendly product, only half of the participants felt that it was fun and entertaining to use.
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Some of the reasons given for it being neither fun nor entertaining was that it was being

used for work purposes.

In terms of price value, the participants agreed that QGIS was good value considering that
it is free, but also good value per se, despite the fact that it is free. Most of the participants

also agreed that they use QGIS primarily because it is free.

In terms of habit, half of the participants felt that using QGIS was done in habit. However,
most participants agreed that using QGIS only for viewing data had become a habit for

them. Using QGIS for digitising and analytical tasks was not considered a habit.

With regards to source code, the participants were not using QGIS for its source code and
most felt that they did not understand that aspect of GIS and therefore also did not

customize or contribute to the product.

In terms of behavioural intention, although most of the participants indicated that they
were not currently using QGIS for their daily work, they did plan to use it in future.

In terms of facilitating conditions, the participants indicated that QGIS was compatible with

all geospatial technologies, data and geospatial databases that they used.

In terms of software support for QGIS products, participants agreed that it was good,
inexpensive and that the support that the internet was offering them was sufficient.
Participants mostly felt that software support for QGIS had to be inexpensive since it was
a FOSS product. However, offering software support for FOSSGIS products is how many
companies make a living. They also felt that they did not need face-to-face support for
their GIS projects. However, most participants did not know who to contact when they

needed support for QGIS.

7.4 CHAPTER SUMMARY

The responses of the participants provided valuable insight into understanding the result

of the quantitative SEM analysis. In the next chapter, the results of both the quantitative

171



and qualitative analysis are combined in order to provide feedback on the research

objectives discussed in Chapter 1.

172



CHAPTER 8: CONCLUSION AND RECOMMENDATIONS

8.1 INTRODUCTION

In the previous chapter, the analysis of the qualitative semi-structured interviews was
reported. In the first part of the current chapter an overview of all chapters and their relation
to the achievement of the study aim and objectives is provided. In the second part of this
chapter, the results of both the quantitative and qualitative analysis are integrated and
discussed. Thereafter, recommendations for improving acceptance and use of FOSSGIS,

as well as for further study are presented.

8.2 CHAPTER OVERVIEW AND ACHIEVEMENT OF STUDY AIM AND OBJECTIVES

The aim and the objectives were successfully achieved. The results pertaining to this claim

are discussed in the sections below.

The aim of this study was to understand which factors influence the acceptance and use
of QGIS in South Africa.

In Chapter 1, a background to the research was given and the research problem, research

aim, and research objectives were discussed.

Objective 1 was to determine what factors affect the acceptance and use of technologies
by reviewing possible factors and ways they can be tested. This objective was reached in
Chapter 2. In this chapter a background was given to the terms FOSS and FOSSGIS and
its status in South Africa. Various technology acceptance models and theories were

discussed.

Objective 2 was to determine the significance of these tested factors. Chapters 3, 5, 6
and 7 entailed the testing of these factors. In Chapter 3, the research methodology was
discussed. The research design included a discussion on the research paradigm and the
approach to the research. The UTAUT2 model was chosen as the research model of
choice. The reasons for selecting this model to complete the research was also discussed.

The original constructs of the UTAUT2 model were then explained and practical examples
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in the GIS environmentwerepr ovi ded. The model 6s adaptati ol
amongst GISSA members in a developing country like South Africa was then examined.

The hypotheses were stated by dividing it into two sets: one for the main constructs, and

another set for the moderation. Data collection was explained, and attention was also paid

to the population and the data types used during this study. Setting out the design of the

research questionnaire along with a discussion on the focus group and demographic

guestions followed. The data analysis processes for both the quantitative study (the SEM

analysis) and the qualitative study (the semi-structured interviews) were explained.

Finally, ethical considerations and limitations of the study were discussed.

Chapter 5 focussed on the reliability and validity analysis of the data in this study.
Reliability analysis includes the internal consistency and the inter-item correlations. During
the validity analysis both Explanatory Factor Analysis (EFA) and Confirmatory Factor
Analysis (CFA) were conducted. Convergent and discriminate validity were discussed as

a vital part of the CFA process.

During Chapter 6, the SEM analysis process was conducted and analysed. This included

the measurement model, the structural model and the moderation analysis.

In Chapter 7, the qualitative analysis of the semi-structured interviews was discussed.
These interviews were done in order to gain a better understanding of the quantitative
results obtained by the SEM analysis of the adapted UTAUT2 model.

Objective 3 was to determine what factors affect the acceptance and use of QGIS in
South Africa by analysing and interpreting the research results. This was addressed in
Chapters 3, 4, 5, 6, 7 and 8. The focus of Chapters 3, 5, 6 and 7 were already discussed
above. Chapter 4 covered the descriptive data analysis. As a first part of the analysis
process, the data management and screening process was completed. This entailed the
univariate distribution, and handling of missing data and outliers in the data. In this chapter
(see section 8.3), the results of the quantitative and qualitative analyses and the

integration thereof are explained.

Objective 4 was to determine the implications that these factors have on the acceptance

and use of QGIS in South Africa, by drawing research conclusions and providing
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recommendations for further study. This objective was reached in Chapter 8, where
certain conclusions were drawn and recommendations were presented based on these

results. ldeas for further research were also shared.

8.3 SUMMARY OF QUANTITATIVE AND QUALITATIVE RESULTS

The results pertaining to the research hypotheses made in Chapter 3, in order to satisfy
the research aim and objectives, are discussed in sections 8.3.1 and 8.3.2 below. In the
first part, the first set of hypotheses, relating to the main constructs in the research model
are discussed. In the latter part, the second set of hypotheses, relating to the moderation

are discussed.

8.3.1 Constructs (set 1) Hypothesis Results

H1: Performance expectancy (PE) has a significant impact on behavioural intention to use
QGIS.

The results indicated that performance expectancy did not have a significant effect on
behavioural intention to use QGIS, therefore H1 was not supported (see Chapter 6,
sections 6.3 & 6.4). It was surprising to find that performance expectancy was not a
significant predictor of behavioural intention. In some studies, performance expectancy is
viewed as one of the main predictors of the intention to adopt a certain technology (Palau-
Saumell et al.,, 2019). Catherine et al. (2018) equated this construct to perceived
usefulness from TAM. It is therefore accepted as an essential quality in influencing the
attitudes of individuals towards using a certain system. Since performance expectancy is
essentially about participantsdé beliefs
performance, and the relation between performance expectancy and behavioural intention
was insignificant, it is clear that the enhancement of performance did not affect their
behavioural intention to use QGIS. This might be linked to the high significance that habit
had on behavioural intention, since the correlation between habit and performance
expectancy was high (see correlation matrix in Chapter 5, Table 5.44). Therefore, once it
becomes a habit to regularly use QGIS, performance expectancy might be found
significant. This also means that even if software were to improve their GIS performance

and users were to find it useful, it would still not affect their behavioural intention to use
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the software, since their behavioural intention to use the software was strongest affected
by habit.

The results obtained from the quantitative SEM analysis were confirmed by participantso
responses during the qualitative analysis (semi-structured interviews) of questions about
performance expectancy (see Chapter 7, section 7.2.1). Most of the participants did not
find QGIS useful in their daily lives, since they were mostly required (occupationally
compelled) to be working with GIS software prescribed by their employer. For the same
reason, they felt that it did not increase their performance or productivity and that it did not

help them to attain their tasks more quickly.

H2: Effort expectancy (EE) has a significant impact on behavioural intention to use QGIS.

Ef fort expectancy (individual s6é beliefs aboi
technology) was found to have no significant effect on the behavioural intention to use

QGIS (see Chapter 6, sections 6.3 & 6.4). Effort expectancy has a moderate correlation

with habit, but a very weak correlation with behavioural intention (see correlation matrix in

Chapter 5, Table 5.44).

Although effort expectancy does not have a significant influence on behavioural intention
to use QGIS, interviewees indicated during the semi-structured interviews that it was easy
for them to find training material for QGIS (especially on the internet). Subsequently, it
was easy for them to become skilful at using the software. Overall, participants also found

QGIS easy to use.

H3: Social influence (SI) has a significant impact on behavioural intention to use QGIS.

Social influence had a significant influence on behavioural intention to use QGIS (see
Chapter 6, sections 6.3 & 6.4). This is consistent with a UTAUT study that tested the
acceptance of GIS, which also found that social influence had a significant influence on
behavioural intention (Sun, 2011). Therefore, the more the widespread use of the product
is encouraged by people whom users value most, the more people will adopt the software.
To improve QGIS acceptance and use, GIS users in South Africa should be informed on

various platforms about the uses and benefits of using QGIS. Furthermore, in Chapter 3,
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section 3.4.1.1, it was noted that previous literature indicated that, as experience with a
certain technology increases, so social influence reduces over time. Therefore,asau s er 0 s
experience with QGIS increases, the effect of social influence becomes less significant.
As noted by Venkatesh et al. (2003), if the use of a certain technology is mandated by the
workplace, social influence can have a more significant effect on behavioural intention.
This means that if the use of QGIS is mandated by certain workplaces, the effect of social

influence might increase significantly.

During the semi-structured interviews, it was found that some of the participants felt that
people whose opinions they value and who were important to them were of the belief that
they should use QGIS. When asked about why they though these people would
recommend QGIS, some participants stated that it was because QGIS is cheaper to use
and managers wanted to save money for the institutions that they work for, even though
they did not know how to convert their workflows to QGIS. Some participants felt if they

used QGIS, people would value their work less.

H4: Hedonic motivation (HM) has a significant impact on behavioural intention to use
QGIS.

Hedonic motivation did not significantly affect behavioural intention. Therefore, H4 was
not supported (see Chapter 6, sections 6.3 & 6.4). The fact that hedonic motivation was
found to have an insignificant effect on behavioural intention to use QGIS, shows that
these users do not perceive it as fun and pleasure to use GIS to perform tasks. During the
semi-structured interviews, it was found that participants tend to agree with this statement
since they performed GIS tasks as part of their occupation.

H5: Price value (PV) has a significant impact on behavioural intention to use QGIS.

Hypothesis H5, the relationship between price value and behavioural intention, was
supported. As expected in a developing country like South Africa, in which the cost factor
is likely to be very important, price value (PV) had a significant influence on behavioural
intention to use QGIS (see Chapter 6, sections 6.3 & 6.4). The fact that QGIS is freely
available to users definitely plays a significant role in its acceptance as software of choice.

This was confirmed by the qualitative analysis (semi-structured interviews) of this study.
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Participants agreed that QGIS was good value considering that it is free, yet also despite
the fact that it is free. Most of the participants agreed that they use QGIS because it is

free.

H6: Habit (H) has a significant impact on behavioural intention to use QGIS.

The hypothesized relationship between habit and behavioural intention was highly

significant (see Chapter 6, sections 6.3 & 6.4). The fact that habit was found to be the

greatest predictor of behavioural intention meansthatit he ext ent t o whi ch
perform behaviours aut oma(see Claptdr §, seotierc3diid)e of
affectsGI S user so6 i nGI8 maest Therefarepeducaien isGhe sector where

one will have to start should one wishtoc hange peopl eds ®6IScept i
Students should be taught to think critically and assess software application critically, and

not to engage with or commit to certain GIS software habitually. The data also supports

the fact that it is difficult to change GI S

they have been using that product for a long period of time.

It is further important to note that although 20% of the respondents indicated they were
using GIS for a period between 10 -15 years, only 3.4% were using QGIS longer than 10

years.

In terms of the semi-structured interviews, half of the participants agreed that QGIS was
a habit for them. The majority of participants also agreed that using GIS to view spatial
data had become a habit, yet less so using it for digitising or other analytical tasks. In the
gualitative analysis it was fitobwse®GIE toreonlyai t wa

certain part of their GIS tasks (viewing data).

H7: Facilitating conditions (FC) has a significant impact on behavioural intention to use
QGIS.

Facilitating conditions played a significant role in behavioural intention to use QGIS. H7 is

therefore supported (see Chapter 6, sections 6.3 & 6.4). GIS users need to know that they

will have the resources and knowledge available to use a product like QGIS, and that the
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product is compatible with the data and other geospatial technologies that they might use

to perform their GIS tasks before they will intentionally use it.

During the qualitative analysis it was found that participants agreed that QGIS was
compatible with all the geospatial technologies as well as all the data that they were using.
They also agreed that it was compatible with all the geospatial databases that they were

using.

H8: Source code (SC) has a significant impact on behavioural intention to use QGIS.

Although Kisanjara and Tossy (2014) found that source code was an important influencing
factor in the adoption and use of FOSS in general, the hypothesized relationship between
source code (H8) and behavioural intention was not found significant (see Chapter 6,
sections 6.3 & 6.4). This could be mainly due to the fact that only a selected few GIS users

can really use the source code effectively to program and contribute to source code.

The results of the quantitative study were confirmed by the responses of participants
during the semi-structured interviews. Participants agreed that they did not really use the
source code when doing their GIS tasks and therefore they also did not contribute towards

the development of it.

H9: Software support (SS) has a significant impact on behavioural intention to use QGIS

This construct was dropped during the validity stage of the analysis. Therefore, hypothesis
H9 is not supported (see Chapter 5, section 5.3.2.1).

Although the construct was dropped during the quantitative analysis phase of the study, it
was still further investigated during the qualitative part of this study. It was found that
participants agreed that the software support for QGIS was good and that the support that
the internet was offering them was enough. Participants indicated that the software
support for QGIS is not expensive. When enquiring about this, some indicated further that
it is not expensive because dt is freed This, however, is not entirely true, since the software
support for FOSSGIS products can be acquired from certain companies at cost.

Participants did not know who to contact when they needed support for QGIS. Yet, most
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participants did not view this as a problem, since they are of the opinion that they do not

need face-to-face support for GIS projects.

8.3.2 Moderation (set 2) Hypothesis Results

The following set of hypotheses was used to test the effect of the moderators as stated in
Chapter 3.

H10: Age will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on behavioural

intention to use QGIS.

For the moderation analysis of the age variable, the respondents were divided into two
groups; younger users and older users (see Chapter 6, sections 6.5.1 & 6.6).
Respondents that were 30 years and younger were divided into the younger group, while
respondents that were older than 30 years, were divided into the older group. The results
of the analysis of the MMR indicated that the change from the baseline model to the
constrained model in SPSS was not significant and it could therefore be concluded that
age did not moderate the effect on any of the constructs in the model. This is consistent
with a UTAUT study done by Sun (2011) about the factors that influence the diffusion of
GIS in Quingdao.

H11: Gender will moderate the effect of PE, EE, S|, HM, PV, H, FC, SC and SS on

behavioural intention to use QGIS.

For the moderation analysis of the gender variable, the respondents were divided into two
groups; male and female (see Chapter 6, sections 6.5.2 & 6.6). The results of the analysis
of the MMR indicated that the change from the baseline model to the constrained model
in SPSS was not significant. Therefore, gender also had no moderation effect on the
constructs of the model, consistent with the UTAUT study done by Sun (2011).

H12: GIS experience will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS

on behavioural intention to use QGIS.
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For the moderation analysis of the GIS experience variable, the respondents were divided
into four groups (see Chapter 6, sections 6.5.3 & 6.6): between 01 5 years, between 51

10 years, between 1071 15 years and between 157 20 years.

The analysis of the MMR results (see Chapter 6) indicated that the change from the
baseline model to the constrained model was not significant for the following variables:
PE, EE, HM, PV, H, and SC. This is consistent with the FOSS user acceptance study
conducted by Gallego and Bueno (2010b) that found that user experience was an
important demographic consideration.

However, GIS experience did significantly influence (moderate) the effect of social
influence on behavioural intention. Therefore, the analysis of the MMR results indicated
that the change from the baseline model to the constrained model was significant. The
change in R2 was 2.4%. This is the percentage increase in the variance explained by the
addition of the interaction term. This increase is statistically significant (t = 2.257, p = 0.025
and therefore, p < 0.05). It is further important to note that the relationship between social
influence and behavioural intention varied significantly between GIS experience groups
(see Chapter 6). This relationship (between social influence and behavioural intention)
was statistically significant and notably much stronger for the experience group, between
57 10 years. It can therefore be concluded that for persons with less experience with GIS,
the effect of social influence on behavioural intention was more than the effect of social
influence on behavioural intention in groups with more experience with GIS. This is
consistent with a study noted earlier, in section 3.4.1.1, in which Morris and Venkatesh
(2000), also noted that as experience with a technology escalates, the social influence

reduces over time.

GIS experience also moderated the effect that facilitating conditions had on behavioural
intention. Therefore, the analysis of the MMR results indicated that the change from the
baseline model to the constrained model was significant. The change in R2 is 3.5%. This
is the percentage increase in the variance explained by the addition of the interaction term.
This increase is statistically significant (t = 2.114, p = 0.036 and therefore, p < 0.05). It is
further important to note that the relationship between social influence and behavioural
intention varied significantly between GIS experience groups. This relationship (between

social influence and behavioural intention) was only statistically significant and notably
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much stronger for the between 10 7 15 years experience group. Experienced users
acknowledged that social influence affected their behavioural intention and they tended to

trust and value the opinions of GIS professionals with more experience.

H13: Educational level will moderate the effect of PE, EE, Sl, HM, PV, H, FC, SC and SS

on behavioural intention to use QGIS.

For the moderation analysis of the educational level variable, the respondents were
divided into two groups: undergraduate and postgraduate (see Chapter 6, sections 6.5.4
& 6.6). The analysis of the MMR results indicated that the change from the baseline model
to the constrained model was not significant for the following variables: PE, EE, SI, HM,
H, FC and SC.

However, the educational level did significantly influence (moderate) the effect of price
value on behavioural intention. Therefore, the analysis of the MMR results indicated that
the change from the baseline model to the constrained model was significant. The change
in R2 is 3.2%. This is the percentage increase in the variance explained by the addition of
the interaction term. This increase is statistically significant (t = 2.728, p = 0.007 and
therefore, p < 0.05). Education can be seen a catalyst for understanding the value and the
consequences of getting good value for money. Therefore, educational level increases

sensitivity to the monetary costs of GIS software products.

H14: SAGC registration will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and

SS on behavioural intention to use QGIS.

For the moderation analysis of the SAGC registration variable, the respondents were
divided into two groups: registered and not registered (see Chapter 6, sections 6.5.5 &
6.6). The analysis of the MMR results indicated that the change from the baseline model
to the constrained model was not significant for the following variables: PE, EE, HM, H,
FC and SC.

SAGC registration did significantly influence (moderate) the effect of social influence on

behavioural intention. Therefore, the analysis of the MMR results indicated that the

change from the baseline model to the constrained model was significant. The change in
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R2 is 1.9%. This is the percentage increase in the variance explained by the addition of
the interaction term. This increase is statistically significant (t = -2.144, p = 0.033 and
therefore, p < 0.05). The effect of this moderation illustrates the social role that registration
at SAGC plays amongst GISc professionals in South Africa. In South African GIS
workplace setting, this registration is not only a means to improve job opportunities but

can also be seen as an indicator of a skill level in a socio-occupational setting.

Furthermore, SAGC registration did also significantly influence (moderate) the effect of
price value on behavioural intention. The analysis of the MMR results indicated that the
change from the baseline model to the constrained model was significant. The change in
R2 is 2%. This is the percentage increase in the variance explained by the addition of the
interaction term. This increase is statistically significant (t = 2.115, p = 0.036 and therefore,
p < 0.05). SAGC registration level as a GISc professional in South Africa increases when
the person® proven GIS experience, education and knowledge increases. It therefore
correlates with the educational level moderator which also had a moderating effect on
price value. See Figure 8.1 for a visual demonstration of the final results of the tested
model. During moderation it was also found that GIS experience moderated the effect that

social influence had on behavioural intention.

Figure 8.1: Model Depicting Final Results
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8.4 RECOMMENDATIONS FOR IMPROVING ACCEPTANCE AND USE

Behavioural intention is fthe individual willingness to use and continue to use a

technology, and the factor that (Mildnevicmndnes t
Hong, 2016, p. 11). Mardiana et al. (2015) f ur t her noted t hat Oi nt el
interpreted as a Auserds willingness to use

Behavioural intention, therefore, determines actual use and consequently also the
acceptance and use of a system (Phua et al., 2012). In this study, the factors that had a
str ongest significant i nfl uendiatenton (ar@ th&&ake
their willingness) to use QGIS were, in descending order, habit, facilitating conditions,
price value and lastly, social influence. The moderator variables that had an effect on

some of these constructs were GIS experience, educational level and SAGC registration.

For GISc professionals to benefit from the vast number of benefits that FOSSGIS has to
offer, it is clear that a means must be found to change the habit of our GIS users in South
Africa. In order to change the habits of GIS users in South Africa, one must understand
how habits work in the first place. As cited by The Learning Center (2019) in The Power
of Habit (Duhigg, 2012), a neurological pattern that utilises three steps, forms each habit.

This pattern is illustrated by Figure 8.2.

Figure 8.2: The Neurological Pattern of Habits

Routine

Cue Reward

Source: Duhigg (2012)
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https://learningcenter.unc.edu/files/2019/02/changinghabits.png

The first step in this pattern is cue. The brain must receive a signal in order to proceed to
an automatic behaviour or an action. It is during this part of the habit formation that GISc
professionals, educators and other users and developers of FOSSGIS can play a crucial
role in spreading the word about the benefits, uses and new developments of FOSSGIS.
Demonstrations, information sessions and training may be offered at various platforms to
show how the software functions. The second step in this loop is routine, which refers to
the action one takes. During this step, the actual usage of the FOSSGIS software must
be encouraged, so that the reward (step 3), becomes evident. The rewards of using
FOSSGIS are endless, not only for developers, but also for users. The rewards are
immediate and lasting and will contribute to the development of the geospatial community
in South Africa.

Facilitating conditions was another strong indicator of behaviour intention. Education
again plays a crucial role in order to teach GIS users that FOSSGIS meets all the
requirements in terms of facilitating conditions. For example, the software itself is easily
downloadable and it can handle a wide spread of various data types needed when
performing a wide variety of GIS tasks. Also, GIS developers can develop new GIS tools

and contribute this back to the GIS community since the source code is openly shared.

In terms of price value, the opportunities of FOSSGIS in a developing country with limited
resources like South Africa are substantial. GIS users are not restricted to the number of
licences that they can use, and they can use advanced geoprocessing tools without
paying more. The opportunities for research and for business are therefore vast and
significant.

Social influence is another predictor of the intention to use QGIS. Dissemination of positive
suggestions and recommendations of significant others in the GISc field in South Africa is
therefore important. The use of FOSSGIS should be actively encouraged by GISc
professionals in South Africa.

8.5 RECOMMENDATIONS FOR FURTHER RESEARCH

The following topics were identified during the scope of this research as possible future

research topics:
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a. Torepeat all tests using proprietary GIS software in a similar setting in South Africa.
The results of such a study will be meaningful, and can then be compared with the
results obtained from this study. It will be interesting to understand whether similar
or different constructs influence behavioural intention.

b. To conduct a study with other FOSSGIS products to determine if there is a
correlation between the results obtained from this study using QGIS and other
FOSSGIS software.

c. To repeat the study in a developed country. It would be thought-provoking to see
what the results of the repeated model will be in other, more developed countries. It
will also be interesting to note the effect of price value on behavioural intention.

d. To repeat this study in other developing countries and to compare their results to this
study. It will be interesting to see whether the same factors are significant in other
countries with similar economic challenges.

e. To repeat this study in South Africa, after a period has lapsed and people in South
Africa have grown more accustomed to using QGIS. It will be interesting to note
whether performance expectancy will then have a significant influence on
behavioural intention.

f. To repeat the model testing in various government and private institutions that are
using GIS in order to test results within one specific entity/organisation or perhaps at

the various universities in South Africa.

8.6 CHAPTER SUMMARY

In order to understand the factors that influence the acceptance and use of QGIS in South
Africa, an adaptation of the UTAUT2 model as well as semi-structured interviews were
used. Habit (H) had the most significant influence on GISSAmember s 6 i ntenti on
QGIS, followed by facilitating conditions (FC), price value (PV) and social influence (SI).
Performance expectancy (PE), effort expectancy (EE), hedonic motivation (HM) and
sourcecode (SC) played no signi f i cehaviburalrintentien i n af
to use QGIS. The semi-structured interviews provided valuable additional insight into each

of these factorsodé role in behaviour al i ntent i

The moderation effects of age, gender, GIS experience, educational level and SAGC

registration on the variables was tested and analysed. Results indicated that age and
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gender had no moderation effect on any of the variables. However, GIS experience
moderated the effect of both social influence and facilitating conditions on behavioural
intention. Furthermore, educational level moderated the effect of price value on
behavioural intention. Registration at the SAGC moderated the effect of both social

influence and price value on behavioural intention.
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APPENDICES

APPENDIX A: STUDY QUESTIONNAIRE

DEMOGRAPHIC QUESTIONS:

1. Please tick your age

Between 18 — 30 years

Between 31 — 60 years

Between 61 — 80 years

More than 80 years

2. Please indicate your gender

Male
Female

3. Please indicate your years of expenence with GIS?

Between 0 up to 5 years

More than 5 years and up to 10 years

More than 10 years and up to 15 years

More than 15 years and up to 20 years

More than 20 years

4. Please indicate your years of experience with QGIS?

Mo experience with QGIS

1 Year

2 Years

Between 3 — 5 years

Between 5 — 10 years

More than 10 years

5. Please indicate your highest level of education

GIS courses done at varous instiutions

Mational Cenrificate

Mational Diploma

Degree

Honours/4 year degree

Masters
PhD
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6. Are you registered with the SA Geomatics Council?

es

Mo

7. If you are registered at the SA Geomatics Council, in which category are you registered?

Candidate

Technician

Technologist

Professional

UTAUTZ2 questionnaire adapted for testing acceptance and use of QGIS

(tick the appropriate box)

PREDICTOR

ITEM

STRONGLY
AGREE

AGREE

NEUTRAL

DISAGREE

STRONGLY
DISAGREE

Performance
Expectancy

| find QGIS useful in my daily life.

Using QGIS helps me to accomplish
G135 tasks more quickly.

Using QGIS increases my productivity.

Using QGIS increases my performance
because | have access to more
advanced functionalities.

Effort
Expectancy

Learning to use QGIS is easy for me.

Leaming how to use QGIS takes foo
much time from my normal duties.

Training courses for the QGIS are easy
to find.

Training material for QGIS is easy to
find.

It is easy for me to become skilful at
using QGIS.

Overall, | find QGIS easy to use.

Social
Influence

People whose opinions | value prefer
that | use QGIS.

People that are important o me think
that | should use QGIS.

| would only use QGIS if | needed to.

| would only use QGIS if my job
prescribed the software.

Hedonic
Motivation

Using QGIS is fun.

QGIS is a user-friendly product.

Using QGIS is very entertaining.
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QGIS is good value considering that it is
free.
Price Value | use QGIS because it is free.
QGIS is good value despite the fact that
it is free.
The use of QGIS has become a habit for
me.
| am addicted to using QGIS.
| must use QGIS.
| must use QGIS because my work
Habit environment prescribes it.

The use of QGIS when viewing data has
become a habit to me.

The use of QGIS when digitising has
become a habit to me.

The use of QGIS to do analysis tasks
has become a habit to me.

Source Code

The fact that the QGIS source code is
openly shared mofivates me o use
QGls.

| use the QGIS source code fo
understand how the software works.

| use the QGIS source code to
customize the product for my own
purposes.

| contribute to QGIS source code to
improve the product.

If the QGIS source code is no longer
available, | will stop using QGIS.

Software
Support

The software support for QGIS products
is good.

The software support for QGIS is
BXPENSIVE.

| know who to contact when | need
software support for QGIS.

| constantly need face-to-face software
support for my GIS work projects.

Software support that the intemet offers
(blogs, on-line manuals, videos and
tutorials etc.) in terms of QGIS is more
than enough for me.

Behavioural
Intention

| intend to start using QGIS in the future.

| always try to use QGIS in my daily
waork.

| intend to continue to use QGIS in the
future.

206




- 1 L 1w
= =
ol | i | £ |z |2«
| x %] %]
PREDICTOR ITEM o5 & 5 < s
Fg | < w v | Eaw
® = o |ho
| have the resources necessary fo use
Qcls.
| have the knowledge necessary to use
QGls.
Facilitating QGIS is compatible with other
Conditions geospafial technologies | use.

QGIS is compatible with all the data |
use.

QGIS is compatible with the geospatial
databases | use.
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APPENDIX B: INTERVIEW QUESTIONS 1T ADAPTED UTAUT2 QUESTIONNAIRE

&

<

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA - "
YUNIBESITHI YA PRETORIA Faculty of Natural and Agricultural Sciences

&

Interview Questions: Adapted UTAUT2 questionnaire

PREDICTOR

ITEM

Do you find QGIS useful in your daily life?

Does QGIS help you to accomplish GIS tasks more quickly?

Performance Does QGIS increase your productivity?
Expectancy Do you feel that QGIS increases your performance because you have access to more advanced
functionalities?
Is it easy to find training material for QGIS?
Effort Expec- Is it easy to become skilful at using QGIS?
tancy Overall, do you find QGIS easy to use?
Social Influ- Do pecple whose opinions you value prefer that you use QGIS?
ence Do people who are important to you think that you should use QGIS?
. . Is using QGIS fun?
:':t?::'c Moti-  I"57 you think that QGIS is a user-friendly product?
Do you think that using QGIS is entertaining?
Do you think that QGIS is good value considering that it is free?
Price Value Do you use QGIS because it is free?
Do you think that QGIS is good value despite the fact that it is free?
Has using QGIS become a habit for you?
Habit Has using QGIS when viewing data become a habit for you?

Has using QGIS when digitising become a habit for you?

Has using QGIS to do analytical tasks become a habit for you?

Source Code

Do you use the QGIS source code to understand how the software works?

Do you use the QGIS source code to customize the product for your own purposes?

Do you contribute to the QGIS source code to improve the product?

Do you intend to start using QGIS in the future?

Behavioural - -
Intention Do you always try to use QGIS in your daily work?
Do you intend to continue to use QGIS in the future?
Is QGIS compatible with other geospatial technologies you use?
Facilitating Is QGIS compatible with all the dat ?
Conditions s compatible all the data you use?

Is QGIS compatible with the geospatial databases you use?

Software Sup-
port

Is the software support for QGIS products good?

Is the software support for QGIS expensive?

Do you know who to contact when you need software support for QGIS?

Do constantly need face-to-face software support for your GIS work projects?

Is software support that the internet offers (blogs, on-line manuals, videos and tutorials etc.) in
terms of QGIS more than enough for you?
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APPENDIX C: CONSENT FORM FOR PERSONAL INTERVIEWS OF GISC
PRACTITIONERS

-

Q)

UNIVERSITEIT VAN PRETORIA
UNIYERSITY OF PRETORIA
YUMIBESITHI T4 PRETORIA Faculty of Natural and Agricultural Sciences

Consent form for personal interviews of GlSc practitioners

Dear participant,

We invite you to take part in this semi-structured interview to test GIS software users’
perceptions about FOSSGIS. The resulis of this interview will contribute to
understanding the perceptions and acceptance of FOSSGIS. The semistructured
interviews will identify factors that influence GIS users’ perception and adoption of
FOSS3GIS. This information leaflet will help you to decide if you want to parficipate.
Before you agree to take part, you should fully understand what is involved.

This is an anonymous semi-structured interview. Your name will not appear on the
results and the answers you give cannot be linked to your name. There are no risks
and discomforts involved in this study, as you will not be put in harm's way.

Your participation in this study is very important to us. You may, however, choose not
to participate and you may also stop participating at any time without any negative
consequences. Nofe that consent cannot be withdrawn once the inferview is
completed. Please answer the questions in the interview as completely and as
honestly as possible. This should not take more than 45 minutes of your time.

This study has received written approval from Research Ethics Committees of the
Faculty of Natural and Agrcultural Sciences at the University of Pretoria, Tel nr: 012
420 4356.

The results of this survey may be published in the media and/or an academic journal
without identifying any of the participants individually. We will provide you with a
summary of our findings on request.

The data will be used for further research and archived for 15 years.

If you have any questions or comments about the study, please contact Susan Henrico
e-mail address: susan00henrico@agmail.com or my supervisors, Prof Serena Coetzee

email address: serena.coetzee@up.acza or Dr Antony Cooper email address:

Room 3-5, Geograghy Bublding Fakulteit Natuur- en Landbouwetenskappe
Iniversity of Pretora, Private Bag X20 Lefapha la Disaense t5a Tlhago le Temo

Hatfield D028, South Africa

Tel 27 12 420 3523

Mioioiia +27 B2 454 4234

Emall serena coetzea@up.ac. 73
SN D 30 Z300M
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Qo

UHIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUMIBESITHI YA PRETORIA Faculty of Matural and Agricultural 5clences

By taking part in the interview, you agree to the above terms and provide your consent
that your responses may be used for the study.

Thank you

Consent provided:

Participant's Name: ... (Please print)

Participant's signature: ... Date

Investigator's name: ... eeeenoo- | PlEASE prINT)

Investigator's signature: . Dater

Witness'smame: ... [Please print)

Witness's signature: ..o Dater

Fioom 3-5, Geography Bulkding Fakulteit Natuur- en Landbouwetenskappe
Lniversity of Pratona, Privaiz Bag X20 Lefapha la Disaense téa Thhago le Temo
Hatfleld DI28, Soum Africa

Tel 427 12 20 3523

MioDile +27 B2 454 4294

Emall senena. costres fup.ac.za
CICUETRE eF= ke S
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APPENDIX D: ETHICAL APPROVAL LETTER

19 March 2019

Dear Mrs 5J Henrico

Project Title: AN ADAPTED TECHNOLOGY ACCEPTANCE MODEL TO TEST GIS
SOFTWARE USERS' PERCEPTIONS ABOUT FOS5GIS

Researcher: Mr= SJ Henrico

Supervisor: Prof SM Coetzee

Department: External department

Reference number: HUMD18/0119

Degree: Droctoral

I have pleasure in informing you that the above application was approved by the Research Ethics Committee on 19
March 2019. Data collection may therefore commence.

Please note that this approval is based on the assumption that the research will be carried out along the lines laid out
in the proposal. Should the actual research depart significantly from the proposed research, it will be necessary to
apply for a new research approval and ethical clearance.

We wish you success with the project.

Sincerely

I

A > {1izdrn

Prof Maxi Schoeman

Deputy Dean: Postgraduate and Research Ethics
Faculty of Humanities

UNIVERSITY OF PRETORIA

e-mail: PGHumanities@up.ac.za

Fakulteit Geesteswetenikappe
LeTapha la Bomothd

Research Ethics Committes Memibers: Prof MIME Schozmoan [eputy Dean); Prof KL Harriz; M Bizgs; Or L Blaklang; Or K Bogrens; Dr A-W de
Beer; M= A dos Samtos; Dr B Egzmit; M= KT Gaxinder Andress, Bir E bofinson; DrW Kzleher; Mr A Mohamed; Or C Pubtergill; Or © Bgybum Or M
ZFoer: Prof E Taliard: Prof Thebe: Ms B Toebe: Ms D Makalzoa
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APPENDIX E: CONSENT FORM FOR QUESTIONNAIRE

A

e

UNIVERSITEIT YAN PRETORIA
UNIVERSITY OF PRETORIA . :
YUMIBESITHI YA PRETORIK Faculty of Natural and Agricultural Sciences

Consent form for GISSA members

Dear participant,

We invite you to take part in this survey to test GIS software users’ perceptions about
FOSSGIS. The results of this survey will contribute to understanding the perceptions
and acceptance of FOSSGIS by the South African Geo-information Society (GISSA).
The survey will identify factors that influence GIS users’ perception and adoption of
FOSSGIS. This information leaflet will help you to decide if you want to parficipate.
Before you agree fo take part, you should fully understand what is involved.

This is an anonymous survey. Your name will not appear on the questionnaire and the

answers you give cannot be linked fo your name. There are no risks and discomforts
involved in this study, as you will not be put in harm’s way.

Your participation in this study is very important to us. You may, however, choose not
to participate and you may also stop participating at any time without any negative
consequences. Note that consent cannot be withdrawn once the questionnaire is
submitted as there is no way o trace the particular questionnaire once i has been
filed in. Please answer the questions in the questionnaire as completely and as
honestly as possible. This should not take more than 10 minutes of your time.

This study has received written approval from Research Ethics Committees of the
Faculty of Natural and Agricultural Sciences at the University of Pretoria, Tel nr: 012
420 4356.

The results of this survey may be published in the media and/or an academic journal
without identifying any of the participants individually. We will provide you with a
summary of our findings on request.

The data will be used for further research and archived for 15 years.

If you have any guestions or comments about the study, please contact Susan Hennico
e-mail address: susan00henrico@gmail.com or my supervisors, Prof Serena Coetzee
email address: serena.coeizee@up.ac.za or Dr Antony Cooper email address:
acooper@csir.co.za

Foom 35, Geography Buldng Fakulteit Matuur- en Landbouwetenskappe
Wrnilvarsiy of Prefora, Private Bag X20 Lefapha la Disagnse t2a Tihagoe le Temo
Hatfleid 0028, South Africa

Ted +27 12 420 3823

Moblle <27 B2 484 4394

Emall serena coetmeafup ac.za

AN LD S0 2300
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Qe

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA ) .
YUMIBESITHI YA PRETORIA Faculty of Natural and Agricultural Sciences

By completing the questionnaire, you agree fo the above terms and provide your
consent that your responses may be used for the study.

Thank you

Consent provided:

Participant's name: .. (Please pnint)

Participant's signature: ... Datel L

Investigator'sname: ... ... (Please prnt)

Investigator'ssignature: ... Dater

Witness's mame: ... | Ple@se print)

Witness's signature: ... Dates .

Rioom 3-E5, Gaography Buliding Fakulteit Matuur- en Landbouwetenskappe
University of Pretora, Private Bag X320 Lefapha la Disaense t3a Tihago le Temo
Hatfleld 0028, South Afmca

Tel +27 12 420 3823

Mol +27 82 464 4394

Emall 5erana coetzee fhup.ac.za
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