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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 personôs perception about a certain software influence 

their decision to use it? 
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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 being whether a personôs perception about a certain software 

can be changed, and if so, which steps are to be followed to change a personôs perception 

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, 

Illinois (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. 
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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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Figure 1.1: Main Focus of Chapters and Addressing Study Objectives 

 

STUDY OVERVIEW 

¶ Research problem and questions 

¶ Research aim and objectives 

¶ Study motivation 

¶ Study contributions 

¶ Review of literature: 
V FOSSGIS 
V Technology acceptance models 
V Related studies in the field 

 

Addresses Objective 1 

¶ Data collection procedures 

¶ Study analysis process 

¶ Adaptation and modification of UTAUT2 
model 

 

Addresses Objectives 2 and 3 

Chapter 1: Introduction and 

Problem Statement 

Chapter 3: Research Methodology 

¶ Interpretation and discussion of 
descriptive results 

 

Addresses Objective 3 

Chapter 2: Literature Study 

Chapter 4: Descriptive Analyses 
and Questionnaire 

¶ Analysis and interpretation of reliability 
and validity analysis 

 
Addresses Objective 2 and 3 

Chapter 5: Reliability and Validity 
Analysis 

¶ Model analysis 

¶ Results of the moderation 
 

Addresses Objectives 2 and 3 

Chapter 6: Model Analysis 

¶ Results of qualitative analysis 
(interviews) 

¶ Summary of results 
 

Addresses Objectives 2 and 3 

Chapter 8: Conclusion and 

Recommendations 

Chapter 7: Qualitative Analysis 

¶ Research conclusion 

¶ Recommendations for future studies 
 

Addresses Objectives 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 

(IS) 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). 

b. The literature review also provides a review of FOSSGIS, contributing to the 

FOSSGIS body of knowledge (Chapter 2, section 2.2). 

c. 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). 

d. 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). 

e. The study proposes an effective measurement of QGIS perceptions amongst 

geospatial practitioners in South Africa. The results of applying the adapted UTAUT2 

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. This is crucial, given South Africaôs policy on 

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 UTAUT2 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. 
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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: 

¶ 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. 

¶ Appendix B is the instrument that was used for questioning participants during the 

semi-structured interviews. 

¶ Appendix C is the consent form used during the semi-structured interviews 

(qualitative phase). 

¶ 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. 

¶ 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. 

¶ 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. 

¶ Appendix I is the moderation results that was obtained for the moderator: 

Educational level. 

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

registration. 
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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 researcherôs 

Masters dissertation (Henrico, 2017)1. 

 

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 distribute a certain softwareôs source code. According to 

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 
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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 main aim of Stallmanôs work was to protect the intellectual work of 

computer software legislatively. This was done to prevent work from being preserved as 

individual property. The term copyleft2 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 

ñfreely used, modified and sharedò. 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 

licensed under ôidentical termsô (Creative 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), ñtime, cost and effort, 

software evolution, freedom of use, quality of software and advantages to companies and 

programmersò are 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). 

 

                                            

2 The mirrored revered ñCò logo is being used as the copyright symbol. However, unlike the original copyright 

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): 

¶ The user can make specific needs-based modifications. 

¶ Users can switch between software vendors. 

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

¶ 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. 

Forking 
Interoperability factors, since open 
source software is written by diverse 
groupings.  

Self-resolving with the development 
of self-managed bodies for 
standardisation. 

Sunk costs 
Existing investments made in 
proprietary software. 

Contemplating open source in areas 
without proprietary software. 

Comparing maintenance costs 
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 newcomersô understanding 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 newcomersô 

orientation, newcomersô characteristics, reception issues, cultural differences, 

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

 

2.2.2 FOSSGIS 

 

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

Software for Geospatial)3, 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: 

¶ The ñCò programming language tribe. This is seen as the most matured tribe in 

the field of FOSSGIS. They include, among others, GRASS, QGIS, PostGIS and 

GDAL/OGR. 

¶ The Java tribe. GeoTools, Geoserve and OpenMap are some of the open source 

GIS found in this particular tribe. 

¶ 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 

organization4. OSGeo has the following goals (OSGeo, 2019a): 

¶ ñprovide resources for foundation projects; 

¶ foster the use of open source geospatial software; 

¶ encourage interoperability with open and community standards; 

¶ ensure interoperability between the foundation projects; 

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

¶ 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.ò 

 

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

association.ò 

https://en.wikipedia.org/wiki/501(c)_organization#501.28c.29.284.29
https://en.wikipedia.org/wiki/Homeowner_association
https://en.wikipedia.org/wiki/Homeowner_association
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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 (Ilie et al., 2019). When Coetzee et al. (2020, 

p. 18) asked key role players in the international geospatial community, ñHow Will Open 

Source Geospatial Software Evolve into the Future?ò, 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) 

 

 

2.3 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 óofficial project of the Open Source 

Geospatial Foundation (OSGeo)ô. 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 ï 

Bucureĸti (see Figure 2.2). 

Figure 2.2: QGIS version 3.12 (Bucureĸti) 

 

 

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 Río 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 that the target populationôs features must be understood. Rogers 

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: 

¶ Innovators: This category of people are very interested in new ideas and likes to take 

risks. They also like to develop new ideas themselves. 

¶ 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. 

¶ 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. 

¶ 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. 

¶ 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 

 

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 forecast peopleôs behaviour based on their established 

behavioural intentions and attitudes (see Figure 2.4). TRA therefore states that the 

ultimate predictor of actual behaviour is that personôs intention to perform a certain 

behaviour (Fishbein and Ajzen, 1975). 

Figure 2.4: TRA 

 

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 means of influencing a personôs attitude or 

subjective norms. Sheppard et al (1988) performed an in-depth study of this theoryôs 

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 

(1977). 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 

 

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 

Job-fit 
"The extent to which an individual believes that using a technology 
can enhance the performance of his or her job." 

Complexity 
"The degree to which an innovation is perceived as relatively difficult 
to understand and use." 

Long-term consequences ñOutcomes that have a pay-off in the future." 

Affect towards use 
"Feelings of joy, elation, or pleasure, or depression, disgust, 
displeasure, or hate associated by an individual with a particular act." 

Social Factors 
"Individual's internalization of the reference group's subjective culture, 
and specific interpersonal agreements that the individual has made 
with others, in specific social situations." 
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Personal Factors 

Facilitating Conditions 
ñProvision of support for users of PCs may be one type of facilitating 
condition that can influence system utilization." 

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 assessing a personôs ability to use 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 

 

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 ñthe action to encourage an individual to 

achieve specific goalsò (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 

effect on internal motivation and usersô behavioural intention, while negative moods have 

a substantial short and long-term effect on both internal motivation and usersô behavioural 

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 óperceived controlô. 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 

 

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 

ignoring a personôs needs prior 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 

information about peopleôs perceptions about a certain technology. The TAM model states 

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: 

¶ Perceived usefulness (PU) ï This construct was defined by Fred Davis as ñthe 

degree to which a person believes that using a particular system would enhance his 

or her job performanceò (Davis et al., 1989, p. 985). 

¶ Perceived ease-of-use (PEOU) ï Davis et al. (1989, p. 985) defined this as ñthe 

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

effort.ò 

Figure 2.8: TAM 

 

Source: Lai (2017); (Davis et al., 1989) 
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A personôs intention to use a computer system is therefore influenced by his attitude 

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. 

 

2.4.8 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 

 

Source: Lai (2017) 
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2.4.9 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 

 

Source: Lai (2017) 
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According to Rondan-Cataluña 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-Cataluña 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 

for Davisô article (Rondan-Cataluña et 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 

 

Source: Taylor and Todd (1995) 
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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 
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Voluntariness Voluntariness  

Social Cognitive Theory (SCT) 

Outcome expectations Performance Expectancy 

Self-efficacy 
With no significant influence on 
Behavioural Intention 

Affect Behavioural Intention 

Anxiety 
With no significant influence on 
Behavioural Intention 

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 ñthe degree to which an individual 

believes that using the system will help him or her to attain gains in job performanceò 

(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 captures the ñthe degree of ease associated with 

the use of the systemò (Venkatesh et al., 2003, p. 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 ñthe degree to which an individual perceives 

that important others believe he or she should use the new systemò (Venkatesh et al., 

2003, p. 451). This construct was formed by using image from the DOI theory, social 

factors from MPCU, subjective norm from TPB, TAM/TAM2 and TRA. 

Facilitating conditions: This determinant explains ñthe degree to which an individual 

believes that an organizational and technical infrastructure exists to support use of the 

systemò (Venkatesh 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 

 

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. In a longitudinal study of employeesô acceptance of technology the UTAUT 

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 

 

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: Items used When Estimating UTAUT 

Performance expectancy 

U6 

RA1 

RA5 

0E7 

I would find the system useful in my job. 

Using the system enables me to accomplish tasks more quickly. 

Using the system increases my productivity. 

If I use the system, I will increase my chances of getting a raise. 

Effort expectancy 

E0U3 

E0U5 

E0U6 

EU4 

My interaction with the system would be clear and understandable. 

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

I would find the system easy to use. 

Learning to operate the system is easy for me. 

Attitude toward using technology 

AI 

AF1 

AF2 

Affect1 

Using the system is a bad/good idea. 

The system makes work more interesting. 

Working with the system is fun. 

I like working with the system. 

Social influence 

SN1 

SN2 

People who influence my behaviour think that I should use the system. 

People who are important to me think that I should use the system. 
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SF2 

SF4 

The senior management of this business has been helpful in the use of the system. 

In general, the organization has supported the use of the system. 

Facilitating conditions 

PBC2 

PBC3 

PBC5 

FC3 

I have the resources necessary to use the system. 

I have the knowledge necessary to use the system. 

The system is not compatible with other systems I use. 

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

Self-efficacy 

 

SE1 

SE4 

SE6 

SE7 

I could complete a job or task using the system: 

If there was no one around to tell me what to do as I go. 

If I could call someone for help if I got stuck. 

If 1 had a lot of time to complete the job for which the software was provided. 

If I had just the built-in help facility for assistance. 

Anxiety 

ANX1 

ANX2 

 

ANX3 

ANX4 

I feel apprehensive about using the system. 

It scares me to think that I could lose a lot of information using the system by hitting the 
wrong key. 

I hesitate to use the system for fear of making mistakes I cannot correct. 

The system is somewhat intimidating to me. 

Behavioural intention to use the system 

BI1 

BI2 

BI3 

I intend to use the system in the next <n> months. 

I predict I would use the system in the next <n> months. 

I 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 ñthe extent to which people tend to perform behaviours automatically because 

of learningò (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 

 

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. 

 

 

 

 

Performance 
Expectancy1 

Effort 
Expectancy2 

Behavioural 
Intention 

Social 
Influence3 

Use 
Behaviour 

Facilitating 
Conditions4 

Age Gender 

Hedonic 
Motivation 

Price Value 

Habit 

Experience 

Notes: 

1. Moderated by age and gender. 

2. Moderated by age, gender, and 

experience. 

3. Moderated by age, gender, and 

experience. 

4. Effect on use behaviour is 

moderated by age and experience. 

5. New relationships are shown as 

darker lines. 
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Table 2.5: Estimates of Measurement Model, Cronbachôs alpha, Means, Standard 

Deviation 

Predictor  Item 
Unstandardized 

Estimate 
SE 

Standardized 
Estimate 

Performance 
expectancy 

Ŭ = 0.821 

Mean = 5.172 

SD = 1.234 

I find __ in my daily life. 1.00 0.00 0.75 

Using __ helps me to accomplish 
things more quickly. 

1.10 0.09 0.75 

Using __ increases my productivity. 1.13 0.09 0.84 

Effort 
expectancy 

Ŭ = 0.903 

Mean = 6.092 

SD = 0.788 

Learning to use __ is easy for me. 1.00 0.00 0.88 

It is easy for me to become skilful at 
using __. 

0.92 0.06 0.69 

My interaction with __ is clear and 
understandable. 

0.98 0.04 0.89 

I find __ is easy to use. 1.00 0.04 0.93 

Social 
influence 

Ŭ = 0.925 

Mean = 4.027 

SD = 1.328 

People whose opinions I value 
prefer that I use __. 

1.00 0.00 0.82 

People who are important to me 
think that I should use __. 

1.20 0.06 0.94 

People who influence my behaviour 
think I should use __. 

1.18 0.06 0.93 

Hedonic 
motivations 

Ŭ = 0.898 

Mean = 4.027 

SD = 1.193 

Using __ is fun. 1.00 0.00 0.94 

Using __ is enjoyable. 0.93 0.04 0.90 

Using __ is very entertaining. 0.83 0.05 0.76 

Habit 

Ŭ = 0.825 

Mean = 3.497 

SD = 1.277 

The use of __ has become a habit 
for me. 

1.00 0.00 0.58 

I am addicted to using __. 1.47 0.13 0.91 

I must use __. 1.54 0.14 0.90 

Price value 

Ŭ = 0.875 

Mean = 5.430 

SD = 1.183 

__ is reasonably priced. 1.00 0.00 0.78 

__ is a good value for price. 1.49 0.09 0.85 

At the current price, __ provides a 
good value. 

1.44 0.08 0.94 

Facilitating 
conditions 

Ŭ = 0.878 

Mean = 6.033 

SD = 0.907 

I have the resources necessary to 
use __. 

1.00 0.00 0.86 

I have the knowledge necessary to 
use __. 

1.01 0.07 0.91 

Behavioural 
intention 

Ŭ = 0.945 

Mean = 6.309 

SD = 0.936 

I intend to continue using __ in 
future. 

1.00 0.00 0.84 

I always try to use __ in my daily 
life. 

1.00 0.04 0.98 

I will continue to use __ frequently. 1.00 0.04 0.93 

SD = standard deviation; SE = standard error; Ŭ = Cronbachôs alpha. 

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; El-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 UTAUT2 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) 

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

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

Desktop based 
computer software 

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. 

Adapting the Unified Theory 
of Acceptance and Use of 
Technology (UTAUT) as a 
Tool for Validating User 
Needs on the Implementation 
of e-Trial Software Systems 
(Algharibi and Arvanitis, 
2011) 

E-Trial software systems 

The UTAUT model was used to evaluate 
usersô acceptance and technology adoption of 
specific CTMS modules of the electronic 
Primary Care Research Network (ePCRN) 
Clinical Trial Management Framework System. 
The researchers presented modifications on 
the key constructs of UTAUT, and also 
introduced their own specific moderating 
factors. 
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Preservice Teachersô 
Acceptance of Learning 
Management Software: An 
Application of the UTAUT2 
Model (Algharibi and 
Arvanitis, 2011) 

Moodle 

This research examined relationships between 
the constructs influencing teachersô preservice 
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 that predict usersô 
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 directorsô intention 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 
when analysing consumersô acceptance and 
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 
(UTAUT2). 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 UTAUT2 to investigate user 
acceptance of social recommender systems. 
These systemsô attractiveness improved 
because of content personalization and 
adaptation to user preferences. Researchers 
found that these systems could improve a 
recommendationôs accuracy. In this 
quantitative study, the UTAUT2 model was 
used as a framework. 

It's about time: Revisiting 
UTAUT2 to examine 
consumersô intentions to use 
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 UTAUT2 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. ix) mentions that ñmethodology is the general 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.ò These 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 means ña search for 

knowledgeò and defines research as a ñscientific and systematic search for pertinent 

information on a specific topic.ò Research methodology, therefore, outlines 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 quantitative 

questionnaires, 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, the researcherôs role 

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 

quantifiable (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 

first is direct realism. According to this type of realism, ñwhat you see is what you get: what 

we experience through our senses portrays the world accuratelyò (Saunders et al., 2009, 

p. 147). The second is critical realism. Saunders et al. (2009, p. 147) mentions that 

critical realism ñfocuses on explaining what we see and experience, in terms of the 

underlying structures of reality that shape the observable eventsò. 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 ï associated with the quantitative approach 

(behaviourism), and critical realism ï 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 instrumental when peopleôs perceptions or attitudes must 

be measured. In this study, user perceptions about QGIS and (other related aspects) are 

tested and entail statistics ï 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 

quantitative 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 

quantitative 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 

 

Source: Adapted from Roller and Lavrakas (2015) 

Integrated 

Interpretation 

Explain / Clarify 

Phase 1: Quantitative 

 
Data Collection & Analysis 

Phase 2: Qualitative 
 

Data Collection & Analysis 
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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 

qualitative 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 Kovács 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 

 

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. It is 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 (BI) of the geospatial practitioners to use QGIS. As stated by 

Mardiana et al. (2015), intention to use can be interpreted as a userôs willingness to use 

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 UTAUT2 

model. Hedonic motivation is defined as ñthe fun or pleasure derived from using a 
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technologyò (Venkatesh 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 

et al., 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 is defined as ñconsumersô cognitive trade-off between the perceived benefits of the 

applications and the monetary cost for using themò (Yuan et al., 2015, p. 736). Venkatesh 

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 ñthe extent to which people tend to perform behaviours 

automatically because of learningò (Limayem et al., 2007, p. 705). According 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. In these studies, younger people were therefore seen as both óearly adoptersô and 

óinfluencersô (Mallenius et al., 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. 

In order to establish whether source code had a significant influence on userôs behavioural 

intention, the following items were included in the questionnaire: The fact that the QGIS 

source code is openly shared motivates me to use QGIS, I use the QGIS source code to 

understand how the software works, I use the QGIS source code to customize the product 

for my own purposes, I contribute to QGIS source code to improve the product, and if the 

QGIS source code is no longer available, I 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 

costs involved in the rendering of support services, delivery lead time, vendorôs experience 

in specific products; the vendorôs experience in the relevant area, the vendorôs training 

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 by the Internet in terms of blogs, videoôs and online tutorials 

are the only support to which they have access. The following items were included in the 

questionnaire about software support: The software support for QGIS products is good; 

The software support for QGIS is expensive; I know who to contact when I need software 

support for QGIS; I 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 respondentôs 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) state that, ñfrom 

an educational standpoint most universities in South Africa offer a GIS degree or include 

substantial GIS components within a related degree or diplomaò. GIS education in South 

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 

individualôs knowledge, competency, experience and commitment to professionalism 

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): 

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

next qualified category); 
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¶ Technicians (240 credits); 

¶ Technologists (360 credits); and 

¶ Professional (480 credits). 

 

Assessments are conducted on each memberôs application by Council members and/or 

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: Age will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on 

behavioural intention to use QGIS. 

H11: Gender will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on 

behavioural intention to use QGIS. 

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

on behavioural intention to use QGIS. 

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

SS on behavioural intention to use QGIS. 

H14: 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 

 

Source: Adapted from Venkatesh et al. (2012) 

 

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 

questionnaires 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). 

 



 

59 

 

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 

questionnaires 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 people ñto speak freelyò may often diverge to some extent from the interview 
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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 

questionnaire, 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 researcherôs conclusions 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 intervieweesô experiences. More interviews would therefore only confirm 

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 

qualitative 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 

oneôs data before the start of any multivariate analysis. These are: 

¶ 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 researcherôs 

perspective when interpreting the data results. 

¶ 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). 

 

3.8.1.1 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 

Descriptive 
V Stem-and-leaf plot, (skeletal) 

box plot 
V Histogram 

V Skewness 
V Kurtosis 

Theory-driven V P-P plot 
V Q-Q plot 

V Shapiro-Wilk, Shapiro-Francia test 
V Kolmogorov_smirnov test (Lillefors 

test) 
V Anderson_darling/Cramer-von 

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 ña fact of lifeò where 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). 

¶ 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 óNoô was the answer to the question in Step 2, which was: ñIs the extent of the 

missing data substantial enough to warrant action?ò 

¶ Select the imputation method (Step 4). During Step 4, the question is asked: ñDo 

you want to use only cases with complete data or use all possible valid data?ò Since 

the answer was No, the data application method had to be selected. In this study, 

the ñcomplete case approachò was used, since the missing data that was ignored or 

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 

 
 

The path followed during this study is shaded grey. 

Source: Adapted from Hair et al. (2006) 
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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: 

¶ Age and gender; 

¶ Years of GIS and QGIS experience; 

¶ Educational level; and 

¶ 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 UTAUT2, which has many constructs, the testing of 

the reliability of the constructs is vital (An et al., 2016; Herrero and San Martín, 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 
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study to establish the reliability of the constructs. These are internal consistency and inter-

item correlations. According to Im et al. (2011), Cronbachôs Ŭ is used frequently to test a 

constructôs internal consistency (Im et al., 2011). It measures the consistency 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 

Cronbachôs Ŭ is 0.7. The second 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 

instrumentôs quality. It gives a clear indication 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 dataôs suitability for factor analysis. The second step is factor extraction, 

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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sampling adequacy and also Bartlettôs test of Sphericity (p < 0.05). Bartlettôs test of 

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: 

ñThe rule is that variables should relate more strongly to their own factor than 

to another factorò. 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-square (ɢ2): According 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 ónot-fittingô when the discrepancy 

(expressed as a ɢ2 variate) between implied model covariances 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. 

b. 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). 

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

Fit statistic (GFI) was created by Jöreskog 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. 

d. 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). 

e. 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). CFI is measured in terms of the relative difference 

between fit (model X2) and degrees of freedom for both candidate and baseline 

models. It is important to note that CFI is not affected by sample size. The 

Comparative CFI 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 

 

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: 

Moderator 

X Y 



 

74 

 

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: 

¶ 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. 

¶ 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 participantsô true 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 

qualitative data (see Chapter 7) is highlighted in Figure 3.7 and described below. 

Figure 3.7: Qualitative Data Analysis Process Followed during this Study 

 

 

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 
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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 participantsô quotes which were supported by graphs in the 

findings. 

 

3.10 RESEARCHER EXPERIENCE, POSITIONALITY AND BIASES 

 

In this section the researcherôs experience, positionality and biases that relate to the 

qualitative 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 

participantsô viewpoints 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 

qualitative 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: 

¶ Direct questions were asked according to a set list of pre-determined questions 

(interview guide). 

¶ 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 

questions 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 

questions 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: 

¶ 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. 

¶ 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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questions were therefore used when interviewing participants. As is good practice, 

all questions were also reviewed by mentors, in this case, the researcherôs 

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 

University of Pretoriaôs Research Ethics Committee (see Appendix 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 be interesting to see results of the study in a few yearsô 

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 

qualitative data collection and analysis was done (semi-structured interviews). The 

research model (an adapted UTAUT2 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 about the researcherôs 

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 as ñthe 

elementary transformation of data in a way that describes the basic characteristics such 

as central tendency, distribution, and variabilityò. Demographic questions, as well as 

questions 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 

questions 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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distributionôs peakedness relative 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 SI HM PV SC SS PE H 

N 
Valid 205 205 205 205 205 205 205 205 205 205 

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 

Std Error of 
Skewness 

0.170 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 

Std. Error of 
Kurtosis 

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 

questionnaires 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 ï 30 years included 48 responses, which accounts for 

23.4%. Only 8 respondents (3.9%) were between 61 ï 80 years. As reported in Table 4.2 

and illustrated in Figure 4.1, most GISSA members surveyed were in the age group 31 ï 

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 18 ï 30 yrs 48 23.4 

Between 31 ï 60 yrs 149 72.7 

Between 61 ï 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 

 

 

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 0 ï 5 years of experience with GIS, followed by the grouping 5 ï 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 0 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 18.5 

Total 205 100.0 

 

Figure 4.3: Years of Experience with GIS 

 

 

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 3 ï 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 3 ï 5 Years 46 22.4 

Between 5 ï 10 Years 17 8.3 

More than 10 years 7 3.4 

Total 205 100.0 

 

Figure 4.4: Years of Experience with QGIS 

 

 

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 



 

87 

 

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 

qualification, of whom 47.8% (n = 98) have a qualification higher than a three-year 

Bachelorôs degree and 21.9% (n = 45) hold a Masters of PhD. 

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 

 

 

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 

 

 

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 3.4 

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 

 

 

4.5 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 

to analyse respondentsô demographic 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 31 ï 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.



 

90 

 

 

 

 



 

91 

 

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 refers to ñthe ability of the measure to produce 

the same results under the same conditions.ò Alshehri (2012) states that reliability is also 

concerned with a measurementôs stability and consistency. In order to determine the 

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 alphaôs (Im et al., 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 low Cronbach alphaôs. In such a case, the inter-item correlations can be 

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 ï 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) Ŭ0.599. 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 Ŭ 

Performance Expectancy (PE) Ŭ0.917 

Effort Expectancy (EE) Ŭ0.800 

Social Influence (SI) Ŭ0.919 

Hedonic Motivation (HM) Ŭ0.848 

Price Value (PV) Ŭ0.774 

Habit (H) Ŭ0.892 

Source Code (SC) Ŭ0.778 

Software Support (SS) Ŭ0.599 

Facilitating Conditions (FC) Ŭ0.842 

Behavioural Intention (BI) Ŭ0.769 

 

5.2.1.1 Performance Expectancy (PE) Cronbachôs alpha 

 

Performance expectancy (PE) consisted of four items (see Appendix A), and an excellent 

reliability result was achieved: Ŭ0.917. Therefore, no items were excluded from this 

variable (see Table 5.2). 

Table 5.2: Performance Expectancy (PE) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.917 0.918 4 
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5.2.1.2 Effort Expectancy (EE) Cronbachôs alpha 

 

Effort expectancy (EE) originally consisted of six items (see Appendix A), and the initial 

result for Cronbach alpha was Ŭ0.615. However, when item 2 is deleted, the reliability 

greatly improves to Ŭ0.800. 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) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.800 0.801 5 

 

5.2.1.3 Social Influence (SI) Cronbachôs alpha 

 

Social influence (SI) originally consisted of four items (see Appendix A), and the initial 

result for Cronbach alpha was Ŭ0.674. However, when items 3 and 4 are deleted, the 

reliability greatly improves to Ŭ0.919. A decision was therefore taken to remove items 3 

and 4 as is normal practice (Pallant, 2013). See Table 5.4. 

 

ñA factor with 2 variables is only considered reliable when the variables are highly 

correlated with each another (r > 0.70), but fairly uncorrelated with other variablesò (Yong 

and Pearce, 2013, p. 80), such as in the case of the SI variable. 

Table 5.4: Social Influence (SI) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.919 0.919 2 

 

5.2.1.4 Hedonic Motivation (HM) Cronbachôs alpha 

 

Hedonic motivation (HM) consisted of three items (see Appendix A) and a high reliability 

result was achieved: Ŭ0.848. Therefore, no items were excluded from this variable (see 

Table 5.5). 
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Table 5.5: Hedonic Motivation (HM) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.848 0.849 3 

 

5.2.1.5 Price Value (PV) Cronbachôs alpha 

 

Price value (PV) consisted of three items (see Appendix A) and a high reliability result was 

achieved: Ŭ0.774. Therefore, no items were excluded from this variable (see Table 5.6). 

Table 5.6: Price Value (PV) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.774 0.781 3 

 

5.2.1.6 Habit (H) Cronbachôs alpha 

 

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

achieved: Ŭ0.892. Therefore, no items were excluded from this variable (see Table 5.7). 

Table 5.7: Habit (H) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.892 0.893 7 

 

5.2.1.7 Source Code (SC) Cronbachôs alpha 

 

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

achieved: Ŭ0.778 (see Table 5.8). Therefore, no items were excluded from this variable. 
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Table 5.8: Source Code (SC) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.778 0.790 5 

 

5.2.1.8 Software Support (SS) Cronbachôs alpha 

 

Software support (SS) originally consisted of five items (see Appendix A), and the initial 

result for Cronbach alpha was Ŭ0.502. However, when item 2 and item 4 is deleted, the 

reliability greatly improves to Ŭ0.599. A decision was therefore taken to remove items 2 

and 4 (Pallant, 2013). This value (Ŭ0.599) is not desirable, but acceptable (see Table 5.9) 

(Taber, 2018). 

Table 5.9: Software Support (SS) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.599 0.602 3 

 

5.2.1.9 Behavioural Intention (BI) Cronbachôs alpha 

 

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

result was achieved: Ŭ0.769. Therefore, no items were excluded from this variable (see 

Table 5.10). 

Table 5.10: Behavioural Intention (BI) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.769 0.768 3 
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5.2.1.10 Facilitating Conditions (FC) Cronbachôs alpha 

 

Facilitating conditions (FC) consisted of five items (see Appendix A) and a high reliability 

result was achieved: Ŭ0.842. Therefore, no items were excluded from this variable (see 

Table 5.11). 

Table 5.11: Facilitating Conditions (FC) Cronbachôs alpha 

Reliability Statistics 

Cronbach's alpha 

Cronbach's alpha 
Based on 

Standardized 
Items 

N of Items 

0.842 0.843 5 

 

5.2.2 Inter-Item 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-Item 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 Item-Total correlation 

matrix indicates high values above the 0.3 scale. 

Table 5.12: Performance Expectancy (PE) ï Inter-Item 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) ï Inter-Item Correlation 

Corrected Item - Total Correlation (EE) 

EE1 0.419 

EE3 0.600 

EE4 0.631 

EE5 0.711 

EE6 0.570 

 

5.2.2.3 Social Influence (SI) 

 

When examining the Cronbachôs alphaôs of SI, it became evident that Item 3 and 4 must 

be deleted since this yielded a must higher Cronbach alpha. From Table 5.14 below, it is 

indicated that the variable SI is reliable, as its Corrected Item-Total correlation matrix 

indicates high values above the 0.3 scale. 

Table 5.14: Social Influence (SI) ï Inter-Item 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) ï Inter-Item 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) ï Inter-Item 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) ï Inter-Item 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 Item-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) ï Inter-Item 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 Item-Total correlation matrix indicates values above the 0.3 scale. 

Table 5.19: Software Support (SS) ï Inter-Item 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) ï Inter-Item 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 BI is reliable, as its Corrected Item-Total correlation 

matrix indicates high values above the 0.3 scale. 

Table 5.21: Behavioural Intention (BI) ï Inter-Item Correlation 

Corrected Item - Total Correlation (BI) 

BI1 0.501 

BI2 0.643 

BI3 0.671 

 

5.3 VALIDITY 

 

Validity is defined as ñthe accuracy of an assessment, whether or not it measures what it 

is supposed to measureò (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-Item 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). Bartlettôs Test of Sphericity was also statistically 
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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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 611.231 

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 Matrixa (PE) 

 Component (1) 

PE1 0.847 

PE2 0.922 

PE3 0.922 

PE4 0.894 

Extraction Method: Principal Component Analysis. 

a 1 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 353.888 

df 6 

Sig. 0.000 

 

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

Table 5.25: Component Matrixa (EE) 

 Component (1) 

EE1 0.596 

EE3 0.761 

EE4 0.789 

EE5 0.845 

EE6 0.735 

Extraction Method: Principal Component Analysis. 

a 1 Component Extracted. 

 

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

 

The KMO value for SI was statistically significant at 0.5 (see Table 5.26). Bartlettôs Test 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 260.756 

df 1 

Sig. 0.000 
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The component matrix for SI is described below in Table 5.27. 

Table 5.27: Component Matrixa (SI) 

 Component (1) 

SI1 0.962 

SI2 0.962 

Extraction Method: Principal Component Analysis. 

a 1 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 265.565 

Df 3 

Sig. 0.000 

 

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

Table 5.29: Component Matrixa (HM) 

 Component (1) 

HM1 0.894 

HM2 0.845 

HM3 0.889 

Extraction Method: Principal Component Analysis. 

a 1 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 176.568 

Df 3 

Sig. 0.000 

 

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

Table 5.31: Component Matrixa (PV) 

 Component (1) 

PV1 0.824 

PV2 0.804 

PV3 0.874 

Extraction Method: Principal Component Analysis. 

a 1 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). Bartlettôs Test 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 920.922 

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 Matrixa (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. 

a 1 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 434.555 

Df 10 

Sig. 0.000 

 

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

Table 5.35: Component Matrixa (SC) 

 Component (1) 

SC2 0.901 

SC3 0.904 

SC4 0.849 

SC5 0.599 

Extraction Method: Principal Component Analysis. 

a 1 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 62.811 

Df 3 

Sig. 0.000 

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

Table 5.37: Component Matrixa (SS) 

 Component (1) 

SS1 0.711 

SS3 0.776 

SS5 0.751 

Extraction Method: Principal Component Analysis. 

a 1 Component Extracted. 

 

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

 

The KMO value for BI was statistically significant at 0.662 (see Table 5.38). Bartlettôs Test 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 175.239 

Df 3 

Sig. 0.000 
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The component matrix for BI is described below in Table 5.39. 

Table 5.39: Component Matrixa (BI) 

 Component (1) 

BI1 0.749 

BI2 0.858 

BI3 0.872 

Extraction Method: Principal Component Analysis. 

a 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). Bartlettôs 

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 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 486.432 

Df 10 

Sig. 0.000 

 

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

Table 5.41: Component Matrixa (FC) 

 Component (1) 

FC1 0.761 

FC2 0.718 

FC3 0.842 

FC4 0.835 

FC5 0.763 

Extraction Method: Principal Component Analysis. 

a 1 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 ï Factor Loadings 

Items Estimate 

 PE1 <--- Performance_Expectancy 0.775 

 PE2 <--- Performance_Expectancy 0.902 

 PE3 <--- Performance_Expectancy 0.904 

 PE4 <--- Performance_Expectancy 0.860 

 EE1 <--- Effort_Expectancy 0.528 

 EE3 <--- Effort_Expectancy 0.653 

 EE4 <--- Effort_Expectancy 0.710 

 EE5 <--- 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 <--- 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 <--- 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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Items Estimate 

 BI1 <--- Behavioural_Intention 0.500 

 BI2 <--- Behavioural_Intention 0.829 

 BI3 <--- Behavioural_Intention 0.824 

 

5.3.2.1 Convergent Validity 

 

The SEM_Stat tool developed in Microsoft Excel by Michaël 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. 

Table 5.43: Convergent Validity for all Constructs 

Construct AVE Construct Reliability 

PE 0.743 0.920 

EE 0.526 0.815 

SI 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 

BI 0.537 0.769 

 

5.3.2.2 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 
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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 SI HM PV H SC FC BI 

Correlation 

PE 0.865         

EE 0.256 0.725        

SI 0.258 -0.026 0.926       

HM 0.386 0.485 0.267 0.811      

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  

BI 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: 

¶ The relative chi-square (ɢ2/df). The relative 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, ɢ2 to 

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 (CFI). 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). An incremental fit index (referred to as a relative fit index) 

is similar to R2. 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). 

 



 

113 

 

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: ɢ2 = 1235.078, 

df = 524, ɢ2/df = 2.357, CFI = 0.845, IFI = 0.847, TLI = 0.824, GFI = 0.734 and RMSEA = 

0.082. 

Figure 6.1: The Preliminary Measurement Model 

 



 

114 

 

Table 6.1: Results of the Preliminary Measurement Model 

Items Estimate AVE 
Construct 
Reliability 

 Correlations 

 PE <--> EE 0.291 

PE1 <--- Performance_Expectancy 0.775 

0.743 0.920 

 PE <--> SI 0.285 

PE2 <--- Performance_Expectancy 0.902  PE <--> HM 0.448 

PE3 <--- Performance_Expectancy 0.905  PE <--> PV 0.272 

PE4 <--- Performance_Expectancy 0.860  PE <--> H 0.679 

EE1 <--- Effort_Expectancy 0.539 

0.526 0.815 

 PE <--> SC 0.281 

EE3 <--- Effort_Expectancy 0.637  PE <--> FC 0.173 

EE4 <--- Effort_Expectancy 0.690  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 
0.858 0.923 

 EE <--> PV 0.548 

SI2 <--- Social_Influence 0.971  EE <--> H 0.311 

HM1 <--- Hedonic_Motivation 0.846 

0.663 0.855 

 EE <--> SC -0.042 

HM2 <--- Hedonic_Motivation 0.755  EE <--> FC 0.493 

HM3 <--- Hedonic_Motivation 0.827  EE <--> BI 0.263 

PV1 <--- Price_Value 0.708 

0.559 0.790 

 SI <--> HM 0.288 

PV2 <--- Price_Value 0.668  SI <--> PV 0.036 

PV3 <--- Price_Value 0.847  SI <--> H 0.411 

H1 <--- Habit 0.704 

0.553 0.893 

 SI <--> SC 0.264 

H2 <--- Habit 0.662  SI <--> FC -0.092 

H3 <--- Habit 0.582  SI <--> BI 0.405 

H4 <--- Habit 0.527  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 

0.598 0.849 

 HM <--> BI 0.419 

SC3 <--- Source_Code 0.901  PV <--> H 0.199 

SC4 <--- Source_Code 0.762  PV <--> SC -0.121 

FC1 <--- Facilitating_Conditions 0.666 

0.523 0.845 

 PV <--> FC 0.437 

FC2 <--- Facilitating_Conditions 0.615  PV <--> BI 0.371 

FC3 <--- Facilitating_Conditions 0.808  H <--> SC 0.517 

FC4 <--- Facilitating_Conditions 0.808  H <--> FC 0.068 

FC5 <--- Facilitating_Conditions 0.716  H <--> BI 0.699 

BI1 <--- Behavioural_Intention 0.500 

0.537 0.769 

 SC <--> FC -0.213 

BI2 <--- Behavioural_Intention 0.830  SC <--> BI 0.231 

BI3 <--- Behavioural_Intention 0.823  FC <--> BI 0.303 

 



 

115 

 

6.3.2 The Improved Measurement Model 

 

After intense scrutiny of firstly factor loadings and then the modification indices (MI) 

supplied by AMOS, the following items with low factor loadings and/or high MI 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 

overall good fit ɢ2 = 572.846, df = 314, ɢ2/df = 1.824, CFI = 0.928, IFI = 0.930, TLI = 

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 

I 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 QGIS increases my performance, because I have access to more advanced 
functionalities.  

0.860 

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, I find QGIS easy to use.  0.693 

Social Influence 

People whose opinions I value prefer that I use QGIS.  0.877 

People that are important to me think that I 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 

I 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 

I use the QGIS source code to customize the product for my own purposes.  0.901 

I contribute to QGIS source code to improve the product.  0.762 

Facilitating Conditions 

QGIS is compatible with other geospatial technologies I use.  0.808 

QGIS is compatible with all the data I use.  0.808 

QGIS is compatible with the geospatial databases I use.  0.716 
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Behavioural Intention 

I intend to start using QGIS in the future.  0.500 

I always try to use QGIS in my daily work.  0.830 

I 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 of fit ɢ2 = 572.846, df = 314, 

ɢ2/df = 1.824, CFI = 0.928, IFI = 0.930, TLI = 0.914, GFI = 0.838 and RMSEA = 0.064. 

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 

 

 

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 

effect on GISSA membersô intention to use QGIS (0.056, p > 0.05), therefore 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). R2 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 
Standardised 
Coefficients 

p value t-value Results 

H1 PE Ÿ BI 0.056 0.531 0.627 Not supported 

H2 EE Ÿ BI -0.179 0.146 -1.453 Not supported 

H3 SI Ÿ BI 0.181 0.015 2.444 Supported 

H4 HM Ÿ BI -0.830 0.432 -0.785 Not supported 

H5 PV Ÿ BI 0.270 0.004 2.90 Supported 

H6 H Ÿ BI 0.651 0.001 5.337 Supported 

H7 FC Ÿ BI 0.231 0.002 3.136 Supported 

H8 SC Ÿ 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 R2 (Aguinis, 2004). The moderation results are attached at the back of this 

thesis (see Appendices C ï G). The change R2 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, ñAge will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on 

behavioural intention to use QGISò, was not significant. 

Table 6.4: Simultaneous Analysis of Age 

Parameter 
t - value 

Result 
Younger Users Older Users 

PE Ÿ BI 1.817 1.262 Not significant 

EE Ÿ BI -0.568 -0.925 Not significant 

SI Ÿ BI 1.321 0.895 Not significant 

HM Ÿ BI 0.522 0.684 Not significant 

PV Ÿ BI 0.115 0.012 Not significant 

H Ÿ BI -0.596 -0.754 Not significant 

FC Ÿ BI 0.050 -0.001 Not significant 

SC Ÿ 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, ñGender will moderate the effect of PE, EE, SI, HM, PV, H, FC, SC and SS on 

behavioural intention to use QGISò, was not significant. 
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Table 6.5: Simultaneous Analysis of Gender 

Parameter 
t - value 

Result 
Gender 

PE Ÿ BI -1.210 Not significant 

EE Ÿ BI 0.557 Not significant 

SI Ÿ BI 1.949 Not significant 

HM Ÿ BI -0.334 Not significant 

PV Ÿ BI -0.595 Not significant 

H Ÿ BI 1.026 Not significant 

FC Ÿ BI -1.000 Not significant 

SC Ÿ 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 0 ï 5 years, between 5 ï 10 years, between 10 ï 15 years and between 15 ï 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 

Parameter 
t - value 

Result 
0 ï 5 Years 5 ï 10 Years 10 - 15 Years 15 ï 20 Years 

PE Ÿ BI 0.154 1.377 -0.668 -0.610 Not significant 

EE Ÿ BI -0.332 1.220 0.943 0.825 Not significant 

SI Ÿ BI 1.120 2.257 1.334 0.205 Significant 

HM Ÿ BI -1.399 -0.454 0.524 -0.432 Not significant 

PV Ÿ BI -1.812 -0.763 0.570 -0.366 Not significant 

H Ÿ BI -1.607 0.511 -0.978 -1.025 Not significant 

FC Ÿ BI 1.098 1.955 2.114 -0.079 Significant 

SC Ÿ 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 R2 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 ï 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 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 much stronger for the between 10 ï 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 I) 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, SI, 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 

Parameter 
t - value 

Result 
Educational Level 

PE Ÿ BI 0.921 Not significant 

EE Ÿ BI 1.339. Not significant 

SI Ÿ BI 1.517 Not significant 

HM Ÿ BI 0.200 Not significant 

PV Ÿ BI 2.728 Significant 

H Ÿ BI 0.402 Not significant 

FC Ÿ BI 0.316 Not significant 

SC Ÿ 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 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). 
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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 

Parameter 
t - value 

Result 
Registration 

PE Ÿ BI 0.886 Not significant 

EE Ÿ BI 0.537 Not significant 

SI Ÿ BI -2.144 Significant 

HM Ÿ BI 1.271 Not significant 

PV Ÿ BI 2.115 Significant 

H Ÿ BI -1.459 Not significant 

FC Ÿ BI -1.593 Not significant 

SC Ÿ 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 

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). 

 

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 

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). 

 

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 

quantitative 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.ti.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: 

¶ Do you find QGIS useful in your daily life? 

¶ Does QGIS help you to accomplish tasks more quickly? 

¶ Does QGIS increase your productivity? 
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¶ 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 

quotes 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: Participantsô Responses 

 

 

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: QGIS Helps to Accomplish GIS Tasks More Quickly: Participantsô 

Responses 

 

 

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 (óevery dayô) and 

not only for a certain project. 

Figure 7.3: QGIS Increases Productivity: Participantsô Responses 

 

 

Most participants said that QGIS did not necessarily increase their performance (see 

quotations 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: QGIS Increases Performance: Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

7.2.2 Effort Expectancy 

 

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

expectancy: 

¶ Is it easy to find training material for QGIS? 

¶ Is it easy to become skilful at using QGIS? 

¶ Overall, do you find QGIS easy to use? 

 

According to most of the participants, it is easy to find training material for QGIS (see 

quotations 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 Training Material for QGIS: Participantsô Responses 

 

 

All participants except participant 3 felt that it is easy to become skilful at using QGIS (see 

quotations 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 Skilful at Using QGIS: Participantsô Responses 

 

 

Most of the participants said that QGIS is easy to use, especially if you are a GIS operator 

(see quotations 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: QGIS is Easy to Use: Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

7.2.3 Social Influence 

 

During the interviews, participants were asked the following questions that relate to social 

influence: 

¶ Do people whose opinions you value prefer that you use QGIS? 

¶ 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 quotations 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 ñthose 

people referred [him/her] to QGISò. 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: 

Participantsô Responses 

 

 

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: 

Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

7.2.4 Hedonic Motivation 

 

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

hedonic motivation: 

¶ Is using QGIS fun? 

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

¶ 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 QGIS is Fun: Participantsô Responses 

 

 

The majority of participants were of the opinion that QGIS is a user-friendly product (see 

quotations 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 

to get used to all the softwareôs quirks. Participant 3 felt that compared to other GIS 

software, it is not user-friendly. 
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Figure 7.14: QGIS is a User-Friendly Product: Participantsô Responses 

 

 

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 QGIS is Entertaining: Participantsô Responses 

 

 

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 - Summary of Participantsô Responses 

 

 

7.2.5 Price Value 

 

During the interviews, participants were asked the following questions that relate to price 

value: 

¶ Do you think that QGIS is good value considering that it is free? 

¶ Do you use QGIS because it is free? 

¶ 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 

quotations 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 that it is Free: Participantsô 

Responses 

 

 

Most of the participants stated that they were using QGIS because it is free (see 

quotations 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 because it is Free: Participantsô Responses 

 

 

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 that it is Free: Participantsô 

Responses 

 

 

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 Participantsô Responses 

 

 

7.2.6 Habit 

 

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

¶ Has using QGIS become a habit for you? 

¶ 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? 

 

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 a Habit for You: Participantsô Responses 

 

 

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 

quotations 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: 

Participantsô Responses 

 

 

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 Habit for You: Participantsô 

Responses 

 

 

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: 

Participantsô Responses 

 

 

Half of the participants felt that using QGIS is a habit for them. However, most of the 

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 Participantsô Responses 

 

 

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: 

¶ 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? 

 

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 

Works: Participantsô Responses 

 

 

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 

Own Purposes: Participantsô Responses 

 

 

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: 

Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

7.2.8 Behavioural Intention 

 

Behavioural intention is defined as a personôs intention to perform a certain behaviour 

(Fishbein & Ajzen, 1975). During the interviews, participants were asked the following 

questions that relate to behavioural intention: 

¶ Do you intend to start using QGIS in the future? 

¶ Do you always try to use QGIS in your daily work? 

¶ 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. 

 



 

157 

 

Figure 7.30: You Intend to Start Using QGIS in the Future: Participantsô 

Responses 

 

 

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 Work: Participantsô 

Responses 

 

 

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 QGIS in the Future: Participantsô 

Responses 

 

 

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). 
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Figure 7.33: Behavioural Intention - Summary of Participantsô Responses 

 

 

7.2.9 Facilitating Conditions 

 

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

facilitating conditions: 

¶ Is QGIS compatible with other geospatial technologies you use? 

¶ Is QGIS compatible with all the data you use? 

¶ 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: 

Participantsô Responses 

 

 

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 Use: Participantsô 

Responses 

 

 

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: 

Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

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: 

¶ 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? 

 

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 
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never looked for QGIS support. Participant 11 felt that ñthey should add a bit more writing 

novices to better understand the libraries usedò. 

Figure 7.38: Software Support for QGIS Products is Good: Participantsô 

Responses 

 

 

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: Participantsô Responses 

 

 

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 

QGIS: Participantsô Responses 

 

 

Only two participants said that they needed face-to-face support for their GIS work 

projects. Others felt that you must ñfigure it out on your ownò and 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: Participantsô Responses 

 

 

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: 

Participantsô Responses 

 

 

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 Participantsô Responses 

 

 

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 
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and qualitative analysis are combined in order to provide feedback on the research 

objectives discussed in Chapter 1. 
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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 environment were provided. The modelôs adaptation to test FOSSGIS (QGIS) 

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 

questions 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. Ideas 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 participantsô beliefs about the technologyôs ability to improve their 

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 participantsô 

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. 

 

Effort expectancy (individualsô beliefs about the ease of effort associated with the 

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, as a userôs 

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 means that ñthe extent to which people tend to 

perform behaviours automatically because of learningò (see Chapter 3, section 3.4.1.1) 

affects GIS usersô intention to use QGIS most. Therefore, education is the sector where 

one will have to start should one wish to change peopleôs perceptions about QGIS. 

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 GIS usersô perception about a certain software when 

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 

qualitative analysis it was found that it was the participantsô habit to use QGIS for only a 

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 óit is freeô. 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, SI, 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 0 ï 5 years, between 5 ï 

10 years, between 10 ï 15 years and between 15 ï 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 

5 ï 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 ï 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, SI, 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 personôs 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 ñthe individual willingness to use and continue to use a 

technology, and the factor that determines the usage of a technologyò (Miladinovic and 

Hong, 2016, p. 11). Mardiana et al. (2015) further noted that óintention to useô can be 

interpreted as a ñuserôs willingness to use a specific technologyò, in this case, QGIS. 

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 

strongest significant influence on GISSA membersô behavioural intention (and therefore 

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 

 

Source: Duhigg (2012) 

 

https://learningcenter.unc.edu/files/2019/02/changinghabits.png
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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. To repeat 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 GISSA membersô intention to use 

QGIS, followed by facilitating conditions (FC), price value (PV) and social influence (SI). 

Performance expectancy (PE), effort expectancy (EE), hedonic motivation (HM) and 

source code (SC) played no significant role in affecting GIS usersô behavioural intention 

to use QGIS. The semi-structured interviews provided valuable additional insight into each 

of these factorsô role in behavioural intention. 

 

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. 

 

 

 



 

188 

 

REFERENCES 

 

ABDELLAH, Z., AMINEARRAHMANE, A. & FATIMA, J. Factors affecting adoption of 
FLOSS ERP system by SMEs f directors and managers in developing countries using 
UTAUT2, SEM and R.  Information Science and Technology (CiSt), 2016 4th IEEE 
International Colloquium on, 2016. IEEE, 25-30. 

ABDULWAHAB, L., DAHALIN, Z. & GALADIMA, M. 2011. Data screening and preliminary 
analysis of the determinants of user acceptance of telecentre. Journal of Information 
Systems: New Paradigms, 1, 11-23. 

ABU-SHANAB, E.A. Education level as a technology adoption moderator.  2011 3rd 
International Conference on Computer Research and Development, 2011. IEEE, 324-
328. 

AGUINIS, H. 2004. Regression analysis for categorical moderators, Guilford Press. 

AJZEN, I. 1985. From intentions to actions: A theory of planned behavior. Action control. 
Springer. 

AJZEN, I. 2002. Perceived behavioral control, selfȤefficacy, locus of control, and the theory 
of planned behavior 1. Journal of applied social psychology, 32, 665-683. 

AL MANSOORI, K.A. 2017. Use of a modified UTAUT model to investigate Emirati 
Citizensô adoption of e-Government in Abu Dhabi. Doctor of Business Administration 
thesis, University of Wollongong. 

ALALWAN, A.A., DWIVEDI, Y.K., RANA, N.P., LAL, B. & WILLIAMS, M.D. 2015. 
Consumer adoption of Internet banking in Jordan: Examining the role of hedonic 
motivation, habit, self-efficacy and trust. Journal of Financial Services Marketing, 20, 
145-157. 

ALGHARIBI, A.J. & ARVANITIS, T.N. Adapting the Unified Theory of Acceptance and Use 
of Technology (UTAUT) as a tool for validating user needs on the implementation of 
e-Trial software systems.  Proceedings of the 25th BCS Conference on Human-
Computer Interaction, 2011. British Computer Society, 526-530. 

ALSHEHRI, M.A. 2012. Using the UTAUT Model to Determine Factors Affecting 
Acceptance and Use of E-government Services in the Kingdom of Saudi Arabia. 
School of Information ans Communication Technology Science, Enviroment, 
Enginieering, and Technolgy Group Griffith University, 34-37. 

ALZIGHAIBI, A., MOHAMMADIAN, M. & TALUKDER, M. 2016. Factors Affecting the 
Adoption of GIS Systems in the Public Sector in Saudi Arabia and Their Impact on 
Organizational Performance. Journal of Geographic Information System, 8, 396-411. 



 

189 

 

AMADE, N., PAINHO, M. & OLIVEIRA, T. 2018. Geographic information technology 
usage in developing countriesïA case study in Mozambique. Geo-spatial Information 
Science, 21, 331-345. 

AN, L., HAN, Y. & TONG, L. Study on the Factors of Online Shopping Intention for Fresh 
Agricultural Products Based on UTAUT2.  2nd Information Technology and 
Mechatronics Engineering Conference (ITOEC 2016), 2016. 

AREZO, M., MUJICA, G., UCHIUMI, L., SANTILLÁN, G., HERRERO, E., LABANCHI, J.L., 
ARAYA, D., SALVITTI, J.C., CABRERA, M. & GRIZMADO, C. 2020. Identification of 
potential'hot spots' of cystic echinococcosis transmission in the province of Río Negro, 
Argentina. Acta Tropica, 105341. 

ARY, D., JACOBS, L.C., IRVINE, C.K.S. & WALKER, D. 2018. Introduction to research in 
education, Cengage Learning. 

AWANG, Z. 2015. SEM made simple: A gentle approach to learning Structural Equation 
Modeling, MPWS Rich Publication. 

BADGAIYAN, A. 2016. Discriminant Validity through Variance Extracted (Factor 
Analysis)? [Online]. Available: https://www.researchgate.net/post/Discriminant_ 
Validity_through_Variance_Extracted_Factor_Analysis2 [Accessed 12 October 
2018]. 

BAJPAI, N. 2011. Business research methods, Pearson Education India. 

BALLARDINI, R.M. 2012. Proprietary Software vs FOSS. IPR University Center, 1-38. 

BANDURA, A. 1988. Organisational applications of social cognitive theory. Australian 
Journal of management, 13, 275-302. 

BARRETT, P. 2007. Structural equation modelling: Adjudging model fit. Personality and 
Individual differences, 42, 815-824. 

BARUCH, Y. & HOLTOM, B.C. 2008. Survey response rate levels and trends in 
organizational research. Human relations, 61, 1139-1160. 

BELLAZZI, R., GUGLIELMANN, R. & IRONI, L. Qualitative and Fuzzy Reasoning for 
identifying non-linear physiological systems: an application to intracellular thiamine 
kinetics.  5 th International Workshop on Intelligent Data Analysis in Medicine and 
Pharmacology, 1998. 

BERGMAN, M.M. 2008. Advances in mixed methods research: Theories and applications, 
Sage. 

BHATI, M. 2018. Your Guide to Qualitative and Quantitative Data Analysis Methods 
[Online]. Humans of Data. Available: https://humansofdata.atlan.com/2018/09/ 
qualitative-quantitative-data-analysis-methods/ [Accessed 21 December 2019]. 



 

190 

 

BINYAMIN, S.S., RUTTER, M.J. & SMITH, S. The Moderating Effect of Education and 
Experience on the Use of Learning Management Systems.  Proceedings of the 2019 
8th International Conference on Educational and Information Technology, 2019. 293-
300. 

BLOOMBERG, L.D. & VOLPE, M. 2018. Completing your qualitative dissertation: A road 
map from beginning to end, Sage Publications. 

BOOMSMA, A. & HOOGLAND, J.J. 2001. The robustness of LISREL modeling revisited. 
Structural equation models: Present and future. A Festschrift in honor of Karl 
Jöreskog, 2, 139-168. 

BREETZKE, G., EKSTEEN, S. & PRETORIUS, E. 2011. based GIS: A practical answer 
to the implementation of GIS education into resource-poor schools in South Africa. 
Journal of Geography, 110, 148-157. 

BYRNE, B.M. 1994. Structural equation modeling with EQS and EQS/Windows: Basic 
concepts, applications, and programming, Sage. 

CALAMITO, A. 2017. A History of Open Source GIS, from Humble Beginnings to World-
Changing Applications [Online]. Available: https://thenewstack.io/humble-beginnings-
world-changing-applications-history-open-source-gis/ [Accessed 3 March 2020]. 

CATHEDRAL, R. 2001. the Bazaar Raymond ES The Cathedral and the Bazaar: Musings 
on Linux and Open Source by an Accidental Revolutionary. O'Reilly Cambridge. 

CATHERINE, N., GEOFREY, K.M., MOYA, M.B. & ABALLO, G. 2018. Effort Expectancy, 
Performance Expectancy, Social Influence and Facilitating Conditions as Predictors 
of Behavioural Intentions to Use ATMs with Fingerprint Authentication in Ugandan 
Banks. Global Journal of Computer Science and Technology. 

CHANG, A. 2012. UTAUT and UTAUT 2: A Review and Agenda for Future Research. The 
Winners, 13, 10-114. 

CHEN, C.-C. 2013. The exploration on network behaviors by using the models of Theory 
of planned behaviors (TPB), Technology acceptance model (TAM) and C-TAM-TPB. 
African Journal of Business Management, 7, 2976-2984. 

CHIDOORI, C. & VAN BELLE, J.-P. Attitudes towards the uptake of open source software 
by small and medium enterprises in the Western Cape, South Africa.  Information 
Communications Technology and Society (ICTAS), 2018 Conference on, 2018. IEEE, 
1-6. 

CLASSROOM ASSESSMENT. 2018. Reliability and Validity [Online]. Available: 
https://fcit.usf.edu/assessment/basic/basicc.html [Accessed 13 February 2019]. 



 

191 

 

COETZEE, S., EKSTEEN, S. & ROOS, A. 2014. Results from a survey of the South 
African GISc community show who they are and what they do. South African Journal 
of Geomatics, 3, 224-245. 

COETZEE, S., IVÁNOVÁ, I., MITASOVA, H. & BROVELLI, M.A. 2020. Open Geospatial 
Software and Data: A Review of the Current State and A Perspective into the Future. 
ISPRS International Journal of Geo-Information, 9, 90. 

COETZEE, S., SMIT, J. & RAUTENBACH, V. Perceived supply and demand for GISc 
knowledge and skills in South Africa.  Proceedings of the AfricaGEO 2018 
Conference, 17-19 September 2018 2018 Emperors' Palace. pp 180-191. 

COHEN, D. & CRABTREE, B. July 2006. Qualitative Research Guidelines Project: Semi-
structured Interviews [Online]. Available: http://www.qualres.org/HomeSemi-
3629.html [Accessed 27 December 2019]. 

COLLINS, H. 2017. Creative research: the theory and practice of research for the creative 
industries, Bloomsbury Publishing. 

COMPEAU, D.R. & HIGGINS, C.A. 1995. Computer self-efficacy: Development of a 
measure and initial test. MIS quarterly, 189-211. 

COOPER, A.K. 1993. Standards for exchanging digital geo-referenced information. 
Universiteit van Pretoria (dissertation). 

CREATIVE COMMONS. 2017. About the licenses [Online]. Available: 
https://creativecommons.org/licenses/ [Accessed 22 March 2020]. 

CRESWELL, J.W. & CLARK, V.L.P. 2017. Designing and conducting mixed methods 
research, Sage publications. 

CRESWELL, J.W. & CRESWELL, J.D. 2017. Research design: Qualitative, quantitative, 
and mixed methods approaches, Sage publications. 

CRESWELL, J.W. & POTH, C.N. 2016. Qualitative inquiry and research design: Choosing 
among five approaches, Sage publications. 

CROSSMAN, A. 2019. Pilot Study in Research [Online]. ThoughtCo. Available: 
https://www.thoughtco.com/pilot-study-3026449 [Accessed 17 December 2019]. 

CROWTHER, D. & LANCASTER, G. 2012. Research methods, Routledge. 

DANTZKER, M.L., HUNTER, R.D. & QUINN, S.T. 2016. Research methods for 
criminology and criminal justice, Jones & Bartlett Learning. 



 

192 

 

DAVIS, F.D., BAGOZZI, R.P. & WARSHAW, P.R. 1989. User acceptance of computer 
technology: a comparison of two theoretical models. Management science, 35, 982-
1003. 

DE VOS, A.S., STRYDOM, H., FOUCHÉ, C.B. & DELPORT, C.S. 2005. Research at 
grass roots: For the social sciences and human service professions, van Schaik 
Pretoria. 

DEMPSEY, C. 2016. Open Source GIS and Freeware GIS Applications. Available: 
https://www.gislounge.com/open-source-gis-applications/ [Accessed 24 April 2018]. 

DIAMANTOPOULOS, A., SIGUAW, J.A. & CADOGAN, J.W. Export peformance: The 
impact of cross-country export market orientation.  American Marketing Association. 
Conference Proceedings, 2000. American Marketing Association, 177. 

DICTIONARY, O.E. 1989. Oxford english dictionary. Simpson, JA & Weiner, ESC. 

DILLON, A. & MORRIS, M.G. 1996. User acceptance of new information technology: 
theories and models. Annual review of information science and technology. Medford, 
NJ: Information Today. 

DONNELLY, F.P. 2010. Evaluating open source GIS for libraries. Library Hi Tech. 

DUDOVSKIY, J. 2016. The Ultimate Guide to Writing a Dissertation in Business Studies: 
A Step-by-Step Assistance. Pittsburgh, USA. 

DUHIGG, C. 2012. The power of habit: Why we do what we do in life and business, 
Random House. 

DWIVEDI, Y.K., RANA, N.P., JEYARAJ, A., CLEMENT, M. & WILLIAMS, M.D. 2017. Re-
examining the unified theory of acceptance and use of technology (UTAUT): Towards 
a revised theoretical model. Information Systems Frontiers, 1-16. 

EL-MASRI, M. & TARHINI, A. 2017. Factors affecting the adoption of e-learning systems 
in Qatar and USA: Extending the Unified Theory of Acceptance and Use of 
Technology 2 (UTAUT2). Educational Technology Research and Development, 65, 
743-763. 

ELDRANDALY, K. 2007. GIS software selection: a multicriteria decision making approach. 
Applied GIS, 3, 1-17. 

EXPLORABLE.COM. Nov 15, 2009. Research Population [Online]. Available: 
https://explorable.com/research-population [Accessed 07 September 2019]. 

FADZIL, F. 2017. A Study on Factors Affecting the Behavioral Intention to Use Mobile 
Apps in Malaysia. Available at SSRN 3090753. 



 

193 

 

FANG, Z., JIANG, G., XU, C. & WANG, S. 2019. A tectonic geodesy mapping software 
based on QGIS. Geodesy and Geodynamics. 

FASTEEN, D.J. 2016. Factors That Influence The Adoption Of Geographic Information 
Systems In A Professional Work Environment: A Study Of The Property Assessment 
Profession. 

FEARNLEY, C.J. 2020. The Nature and Importance of Source Code and Learning 
Programming with Python. [Online]. Managing FOSS for Business Results. Available: 
https://blog.linuxforce.net/2010/02/25/the-nature-and-importance-of-source-code-
and-learning-programming-with-python [Accessed 8 August 2020]. 

FIELD, A. 2013. Discovering statistics using IBM SPSS statistics, sage. 

FISHBEIN, M. & AJZEN, I. 1975. Belief, attitude, intention and behavior: An introduction 
to theory and research. 

FORNELL, C. & LARCKER, D.F. 1981. Evaluating structural equation models with 
unobservable variables and measurement error. Journal of marketing research, 18, 
39-50. 

FORNELL, C. & LARKER, D. 1981. Structural equation modeling and regression: 
guidelines for research practice. Journal of Marketing Research, 18, 39-50. 

GALLEGO, M.D. & BUENO, S. 2010a. Exploring user acceptance of foss: The role of the 
age of the users. Innovations in Computing Sciences and Software Engineering. 
Springer. 

GALLEGO, M.D. & BUENO, S. 2010b. The role of user experience on FOSS acceptance. 
Innovations and Advances in Computer Sciences and Engineering. Springer. 

GARSON, G.D. 2014. Structural equation modeling, G. David Garson and Statistical 
Publishing Associates. 

GEFEN, D., STRAUB, D. & BOUDREAU, M.-C. 2000. Structural equation modeling and 
regression: Guidelines for research practice. Communications of the association for 
information systems, 4, 7. 

GEORGE, D. 2011. SPSS for windows step by step: A simple study guide and reference, 
17.0 update, 10/e, Pearson Education India. 

GIANNOULIS, C. 2019. Confirmatory Factor Analysis: How To Measure Something We 
Cannot Observe or Measure Directly [Online]. Available: https://www.theanalysis-
factor.com/confirmatory-factor-analysis-measure-something-we-cannot-observe/ 
[Accessed 3 June 2019]. 

GLEN, S. 2018. Statistics How To [Online]. Available: https://www.statisticshowto.data 
sciencecentral.com/primary-data-secondary/ [Accessed 29 Oct 2018 2018]. 



 

194 

 

GRAVETTER, F. & WALLNAU, L. 2005. Essentials of statistics for the behavioral 
sciences. Belmont. CA: Wadsworth. 

GUPTA, A. & DOGRA, N. 2017. Tourist adoption of mapping apps: a UTAUT2 perspective 
of smart travellers. Tourism and hospitality management, 23, 145-161. 

HAIR, J.F., BLACK, W.C., BABIN, B.J., ANDERSON, R.E. & TATHAM, R.L. 2006. 
Multivariate data analysis (Vol. 6). Upper Saddle River, NJ: Pearson Prentice Hall. 

HALL, G.B. & LEAHY, M.G. 2008. Open source approaches in spatial data handling, 
Springer. 

HALLQUIST, M. 12 October 2017. SEM Fit and Modification [Online]. Available: 
https://psu-psychology.github.io/psy-597-SEM/08_fit/sem_fit_modification.html#cfi 
[Accessed 19 August 2019]. 

HANNEBAUER, C. 2016. Contribution Barriers to Open Source Projects. 

HASSANALY, M. & RAMAN, V. Computational tools for data-poor problems in turbulent 
combustion.  AIAA Scitech 2019 Forum, 2019. 0998. 

HENRICO, S.J. 2017. Analysing the practical feasibility of using free and open source 
software for geographical information systems (FOSSGIS) in military operations. 
Masters, University of Pretoria. 

HERBERT, T.T. 1976. Dimension  of  Organizational  Behaviour, New York, Collier  
Macmillian. 

HERRERO, Á. & SAN MARTÍN, H. 2017. Explaining the adoption of social networks sites 
for sharing user-generated content: A revision of the UTAUT2. Computers in Human 
Behavior, 71, 209-217. 

HOAGLIN, D.C. & IGLEWICZ, B. 1987. Fine-tuning some resistant rules for outlier 
labeling. Journal of the American Statistical Association, 82, 1147-1149. 

HOOPER, D., COUGHLAN, J. & MULLEN, M. 2008. Structural equation modelling: 
Guidelines for determining model fit. Articles, 2. 

HOWELL, K.E. 2012. An introduction to the philosophy of methodology, Sage. 

IBM KNOWLEDGE CENTER. 2019a. KMO and Bartlett's Test [Online]. Available: 
https://www.ibm.com/support/knowledgecenter/SSLVMB_26.0.0/statistics_casestudi
es_project_ddita/spss/tutorials/fac_telco_kmo_01.html [Accessed 16 May 2019]. 

 

 



 

195 

 

IBM KNOWLEDGE CENTER. 2019b. Operator Distribution [Online]. Available: 
https://www.ibm.com/support/knowledgecenter/SSCRJU_4.3.0/com.ibm.streams.tk2
0190528.doc/toolkits/dita/tk$com.ibm.streams.timeseries/op$com.ibm.streams.times
eries.analysis$Distribution.html [Accessed 17 March 2019]. 

ILIE, C.M., BROVELLI, M.A. & COETZEE, S. Monitoring SDG 9 with global open data and 
open softwareïA case study from rural Tanzania.  ISPRS Geospatial Week 2019, 
2019. International Society for Photogrammetry and Remote Sensing, 1551-1558. 

IM, I., HONG, S. & KANG, M.S. 2011. An international comparison of technology adoption: 
Testing the UTAUT model. Information & management, 48, 1-8. 

JAKIMOW, B., VAN DER LINDEN, S., THIEL, F., FRANTZ, D. & HOSTERT, P. 2020. 
Visualizing and labeling dense multi-sensor earth observation time series: The EO 
Time Series Viewer. Environmental Modelling & Software, 125, 104631. 

JANG, S.H., KIM, R.H. & LEE, C.W. 2016. Effect of u-healthcare service quality on usage 
intention in a healthcare service. Technological Forecasting and Social Change, 113, 
396-403. 

JEN, W., LU, T. & LIU, P.-T. 2009. An integrated analysis of technology acceptance 
behaviour models: Comparison of three major models. MIS REVIEW: An International 
Journal, 15, 89-121. 

KARTOZA. 2020. Training & Education [Online]. Available: https://kartoza.com/en/ 
solutions/training-courses [Accessed 10 July 2020]. 

KENNY, D.A. 2015. Measuring Model Fit [Online]. Available: http://www.davida-
kenny.net/cm/fit.htm [Accessed 9 March 2019]. 

KENNY, D.A., KASHY, D.A. & BOLGER, N. 1998. Data analysis in social psychology. The 
handbook of social psychology, 1, 233-265. 

KHAN, S. & MOHIUDDIN, K. 2018. Evaluating the parameters of ArcGIS and QGIS for 
GIS Applications. International Journal of Advanced Research in Science and 
Engineering, 7, 582-594. 

KIM, D.Y. 2009. The moderating effect of individual and organizational factors on 
information technology acceptance: The case of US CVBS'internet marketing. Journal 
of Travel & Tourism Marketing, 26, 329-343. 

KIM, D.Y., PARK, J. & MORRISON, A.M. 2008. A model of traveller acceptance of mobile 
technology. International Journal of Tourism Research, 10, 393-407. 

KIM, H., CHAN, H. & GUPTA, S. 2007. Value-based adoption of mobile internet: an 
empirical investigation. Decision support systems, 43, 111-126. 



 

196 

 

KISANJARA, S. & TOSSY, T. 2014. Investigating factors influencing the adoption and use 
of free and open source software (FOSS) in Tanzanian higher learning institutions: 
Towards an individualtechnology-organizational-environmental (ITOE) framework. 
International Journal of Research in Business and Technology, 5, 645-653. 

KIVUNJA, C. & KUYINI, A.B. 2017. Understanding and Applying Research Paradigms in 
Educational Contexts. International Journal of Higher Education, 6, 26-41. 

KOTHARI, C.R. 2004. Research methodology: Methods and techniques, New Age 
International. 

KOVÁCS, G. & SPENS, K.M. 2005. Abductive reasoning in logistics research. 
International Journal of Physical Distribution & Logistics Management, 35, 132-144. 

KUMAR, R. 2019. Research methodology: A step-by-step guide for beginners, Sage 
Publications Limited. 

LA MORTE, W.W. 2016. Diffusion of innovation theory. 

LA MORTE, W.W. 2018. Diffusion of Innovation Theory [Online]. Available: 
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/SB/BehavioralChangeTheories/ 
BehavioralChangeTheories4.html [Accessed 23 June 2019]. 

LAI, P. 2017. The Literature Review of Technology Adoption Models and Theories For 
The Novelty Technology. JISTEM-Journal of Information Systems and Technology 
Management, 14, 21-38. 

LEE, Y., KOZAR, K.A. & LARSEN, K.R. 2003. The technology acceptance model: Past, 
present, and future. Communications of the Association for information systems, 12, 
50. 

LEEDY, P. & ORMROD, J. 2001. Practical research . Upper Saddle River, NJ: Merrill. 
Prentice-Hall. 

LI, J. Blockchain Technology Adoption: Examining the Fundamental Drivers.  Proceedings 
of the 2020 2nd International Conference on Management Science and Industrial 
Engineering, 2020. 253-260. 

LIMAYEM, M., HIRT, S.G. & CHEUNG, C.M. 2007. How habit limits the predictive power 
of intention: The case of information systems continuance. MIS quarterly, 705-737. 

LOMAX, R.G. & SCHUMACKER, R.E. 2004. A beginner's guide to structural equation 
modeling, psychology press. 

MAILLET, É., MATHIEU, L. & SICOTTE, C. 2015. Modeling factors explaining the 
acceptance, actual use and satisfaction of nurses using an Electronic Patient Record 
in acute care settings: An extension of the UTAUT. International journal of medical 
informatics, 84, 36-47. 



 

197 

 

MALIK BADER ALAZZAM, A., SAMAD HASAN BASARI, A.S.S., IBRAHIM, Y.M., RAMLI, 
M.R. & NAIM, M.H. 2016. Trust in stored data in EHRs acceptance of medical staff: 
using UTAUT2. International Journal of Applied Engineering Research, 11, 2737-
2748. 

MALLENIUS, S., ROSSI, M. & TUUNAINEN, V.K. 2007. Factors affecting the adoption 
and use of mobile devices and services by elderly peopleïresults from a pilot study. 
6th Annual Global Mobility Roundtable, 31, 12. 

MARCHEWKA, J.T. & KOSTIWA, K. 2007. An application of the UTAUT model for 
understanding student perceptions using course management software. 
Communications of the IIMA, 7, 10. 

MARDIANA, S., TJAKRAATMADJA, J.H. & APRIANINGSIH, A. 2015. Validating the 
Conceptual Model for Predicting Intention to Use as Part of Information System 
Success Model: The Case of an Indonesian Government Agency. Procedia Computer 
Science, 72, 353-360. 

MATHERS, N., FOX, N. & HUNN, A. 1998. Trent focus for research and development in 
primary health care: Using interviews in a research project. Trent Focus. 

MEINTJIES, N. 2018. Has OSS finally come into its own? [Online]. ITWeb. Available: 
https://www.itweb.co.za/content/WnpNgM2Axz47VrGd [Accessed 02 October 2018]. 

MILADINOVIC, J. & HONG, X. 2016. A study on factors affecting the behavioral intention 
to use mobile shopping fashion apps in Sweden. 

MILLER, R.L. 2015. Rogers' innovation diffusion theory (1962, 1995). Information seeking 
behavior and technology adoption: Theories and trends. IGI Global. 

MITASOVA, H. & NETELER, M. 2004. GRASS as open source free software GIS: 
accomplishments and perspectives. Transactions in GIS, 8, 145-154. 

MITCHELL, R.J. 1992. Testing evolutionary and ecological hypotheses using path 
analysis and structural equation modelling. Functional Ecology, 123-129. 

MOHAMADALI, N.A.K. & GARIBALDI, J.M. A Novel Evaluation Model of user Acceptance 
of Software Technology in Healthcare Sector.  Healthinf, 2010. 392-397. 

MOHAMMED, W. Free and Open Source GIS: An Overview on the Recent Evolution of 
Projects, Standards and Communities.  Proceeding of The 9th National GIS 
Symposium, Saudi Arabia, KSA, 2014. Citeseer, 1-13. 

MOROSAN, C. & DEFRANCO, A. 2016. It's about time: Revisiting UTAUT2 to examine 
consumersô intentions to use NFC mobile payments in hotels. International Journal of 
Hospitality Management, 53, 17-29. 



 

198 

 

MORRIS, M.G. & VENKATESH, V. 2000. Age differences in technology adoption 
decisions: Implications for a changing work force. Personnel psychology, 53, 375-403. 

MORTENSEN, D. 2019. How to Do a Thematic Analysis of User Interviews [Online]. 
Interaction Design Foundation. Available: https://www.interaction-design.org/ 
literature/article/how-to-do-a-thematic-analysis-of-user-interviews [Accessed 21 
December 2019]. 

MOSS, S. 27 June 2016. Fit indices for structural equation modeling [Online]. SICO 
TESTS. Available: https://www.sicotests.com/psyarticle.asp?id=277 [Accessed 19 
August 2019]. 

MUTHÉN, L.K. & MUTHÉN, B.O. 2002. How to use a Monte Carlo study to decide on 
sample size and determine power. Structural equation modeling, 9, 599-620. 

NAGY, D., YASSIN, A.M. & BHATTACHERJEE, A. 2010. Organizational adoption of open 
source software: barriers and remedies. Communications of the ACM, 53, 148-151. 

NEUMAN, W.L. 2003. Survey research. Social Research Methods: Qualitative and 
Quantitative Approaches. 5th edn. USA: Allyn and Bacon, 289-290. 

OECHSLEIN, O., FLEISCHMANN, M. & HESS, T. An application of UTAUT2 on social 
recommender systems: Incorporating social information for performance expectancy.  
System Sciences (HICSS), 2014 47th Hawaii International Conference on, 2014. 
IEEE, 3297-3306. 

OPEN SOURCE INITIATIVE. 2016. Licenses & Standards [Online]. Available: http://open-
source.org/licenses [Accessed 05 June 2018]. 

OPPONG, F.B. & AGBEDRA, S.Y. 2016. Assessing univariate and multivariate normality. 
a guide for non-statisticians. Math. Theory Modeling, 6, 26-33. 

OSGEO. 2019a. About OSGeo [Online]. Available: http://www.osgeo.org/about/ 
[Accessed 30 July 2019]. 

OSGEO. 2019b. Open Source GIS History [Online]. Available: https://wiki.osgeo.org/wiki/ 
Open_Source_GIS_History [Accessed 3 March 2020]. 

OTTER.AI. 2020. AI for everyday conversations [Online]. Available: https://otter.ai/about 
[Accessed 11 March 2020]. 

OYE, N., IAHAD, A. & RAHIM, N.A. 2012. 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, 81-89. 

PALAU-SAUMELL, R., FORGAS-COLL, S., SÁNCHEZ-GARCÍA, J. & ROBRES, E. 2019. 
User acceptance of mobile apps for restaurants: An expanded and extended UTAUT-
2. Sustainability, 11, 1210. 



 

199 

 

PALLANT, J. 2013. SPSS survival manual, McGraw-Hill Education (UK). 

PARK, H.M. 2015. Univariate analysis and normality test using SAS, Stata, and SPSS. 
Author research works. [Online]. Available: https://scholarworks.iu.edu/dspace/ 
handle/2022/19742 [Accessed 23 July 2019]. 

PHUA, P.L., WONG, S.L. & ABU, R. 2012. Factors influencing the behavioural intention 
to use the internet as a teaching-learning tool in home economics. Procedia-Social 
and Behavioral Sciences, 59, 180-187. 

QGIS. 2019. Case Studies [Online]. Available: https://qgis.org/zh_CN/site/about/ 
case_studies/ [Accessed 21 October 2019]. 

QGIS. 2020. About QGIS: Case Studies [Online]. Available: https://www.qgis.org/en/site/ 
about/case_studies/index.html [Accessed 4 March 2002]. 

RAJASEKAR, S., PHILOMINATHAN, P. & CHINNATHAMBI, V. 2006. Research 
methodology. arXiv preprint physics/0601009. 

RAMAN, A. & DON, Y. 2013. Preservice teachers' acceptance of learning management 
software: An application of the UTAUT2 model. International Education Studies, 6, 
157-164. 

RAMSEY, P. 2007. The State of Open Source GIS. Available: http://www.refractions.net/ 
expertise/whitepapers/opensourcesurvey/survey-open-source-2007-12.pdf 
[Accessed 25 April 2018]. 

RAVANGARD, R., KAZEMI, Z., ABBASALI, S.Z., SHARIFIAN, R. & MONEM, H. 2017. 
Development of the UTAUT2 model to measure the acceptance of medical laboratory 
portals by patients in shiraz. Electronic physician, 9, 3862. 

ROLLER, M.R. & LAVRAKAS, P.J. 2015. Applied qualitative research design: A total 
quality framework approach, Guilford Publications. 

RONDAN-CATALUÑA, F.J., ARENAS-GAITÁN, J. & RAMÍREZ-CORREA, P.E. 2015. A 
comparison of the different versions of popular technology acceptance models: A non-
linear perspective. Kybernetes, 44, 788-805. 

SAGC. 2020. Regsitration: Geomatics Professional Information (GISc) [Online]. Available: 
https://www.sagc.org.za/4regnotesprof.php [Accessed 12 March 2020]. 

SAMARADIWAKARA, G. & GUNAWARDENA, C. 2014. Comparison of existing 
technology acceptance theories and models to suggest a well improved theory/model. 
International Technical Sciences Journal, 21. 

SARFARAZ, J. 2017. Unified Theory of Acceptance and Use of Technology (UTAUT) 
Model-Mobile Banking. Journal of Internet Banking and Commerce, 22, 1-20. 



 

200 

 

SAUNDERS, M., LEWIS, P. & THORNHILL, A. 2009. Understanding research 
philosophies and approaches. Research methods for business students, 4, 106-135. 

SCACCHI, W., FELLER, J., FITZGERALD, B., HISSAM, S. & LAKHANI, K. 2006. 
Understanding free/open source software development processes. Software Process: 
Improvement and Practice, 11, 95-105. 

SCHERMELLEH-ENGEL, K., MOOSBRUGGER, H. & MÜLLER, H. 2003. Evaluating the 
fit of structural equation models: Tests of significance and descriptive goodness-of-fit 
measures. Methods of psychological research online, 8, 23-74. 

SCHWESTER, R.W. 2015. Teaching research methods in public administration, IGI 
Global. 

SEKARAN, U. & BOUGIE, R. 2016. Research methods for business: A skill building 
approach, John Wiley & Sons. 

SELTMAN, H.J. 11 July 2018. Experimental design and analysis. Department of Statistics 
& Data Science, Carnegie Mellon University. 

SHAH, S. 2019. 7 Biases to avoid in qualitative research. 03 January 2019. Available: 
https://www.editage.com/insights/7-biases-to-avoid-in-qualitative-research 
[Accessed 13 January 2020]. 

SHAO, X. & SIPONEN, M. Consumer acceptance and use of information technology: 
Adding consumption theory to UTAUT2.  Proceedings> Proceedings of SIGSVC 
Workshop. Sprouts: Working Papers on Information Systems, 2011. 11-157. 

SHARMA, A.K. & KUMAR, D. 2012. User acceptance of desktop based computer 
software using UTAUT model and addition of new moderators. International Journal 
Of Computer Science & Engineering Technology, 509-515. 

SHARMA, R. & MISHRA, R. 2014. A review of evolution of theories and models of 
technology adoption. Indore Management Journal, 6, 17-29. 

SHARMA, S., MUKHERJEE, S., KUMAR, A. & DILLON, W.R. 2005. A simulation study to 
investigate the use of cutoff values for assessing model fit in covariance structure 
models. Journal of Business Research, 58, 935-943. 

SHEPPARD, B.H., HARTWICK, J. & WARSHAW, P.R. 1988. The theory of reasoned 
action: A meta-analysis of past research with recommendations for modifications and 
future research. Journal of consumer research, 15, 325-343. 

SHIELDS, L. & TWYCROSS, A. 2003. The difference between quantitative and qualitative 
research: this paper is one of a series of short papers on aspects of research by Linda 
Shields and Alison Twycross. Paediatric Nursing, 15, 24-25. 



 

201 

 

SHUTTLEWORTH, M. 2019. Convergent and Discriminant Validity [Online]. Available: 
https://explorable.com/convergent-validity [Accessed 9 January 2019 2019]. 

SMIT, B. 2002. Atlas. ti for qualitative data analysis. Perspectives in Education, 20, 65-
75. 

SNIEDER, R. & LARNER, K. 2009. The art of being a scientist: A guide for graduate 
students and their mentors, Cambridge University Press. 

SOUTH AFRICA. 2006. Policy on Free and Open Source Software Use for South African 
Government [Online]. Available: www.gov.za/documents/policy-free-and-open-
source-software-use-south-african-government. [Accessed 02 October 2018 ]. 

SOUTH AFRICA. 2017. National e-Government Strategy and Roadmap. Department of 
Telecommunications and Postal Services. [Online]. Available: https://www.gov.za/ 
sites/default/files/41241_gen886.pdf [Accessed 2 October 2018 ]. 

ST AMANT, K., STILL, B. & REED, S. 2007. Handbook of research on open source 
software. Technological, economic, and social perspectives. Hershey, PA. 

STALLMAN, R.M. 2002. What is free software. Free Society: Selected Essays of, 23. 

STEINMACHER, I., CONTE, T.U., TREUDE, C. & GEROSA, M.A. Overcoming open 
source project entry barriers with a portal for newcomers.  Proceedings of the 38th 
International Conference on Software Engineering, 2016. 273-284. 

SUN, H. & ZHANG, P. 2006. The role of moderating factors in user technology 
acceptance. International journal of human-computer studies, 64, 53-78. 

SUN, Y. 2011. Factors influencing the diffusion of the GIS technology by SBD Qingdao: 
an [sic] UTAUT approach: a thesis presented in partial fulfillment of the requirements 
for the degree of Master of Management in Business Information Systems 
Management at Massey University, Manawatu, New Zealand. Massey University. 

TABACHNICK, B.G., FIDELL, L.S. & ULLMAN, J.B. 2007. Using multivariate statistics, 
Pearson Boston, MA. 

TABER, K.S. 2018. The use of Cronbachôs alpha when developing and reporting research 
instruments in science education. Research in Science Education, 48, 1273-1296. 

TAYLOR, S. & TODD, P.A. 1995. Understanding information technology usage: A test of 
competing models. Information systems research, 6, 144-176. 

THE INSTITUTION OF ENGINEERING AND TECHNOLOGY (IET). 2020. What is 
Professional Registration? [Online]. Available: https://www.theiet.org/career/ 
professional-registration/what-is-professional-registration/ [Accessed 12 March 
2020]. 



 

202 

 

THE LEARNING CENTER. 2019. Changing Habits. University of North Caroline at Chapel 
Hill. [Online]. Available: https://learningcenter.unc.edu/tips-and-tools/changing-habits/ 
[Accessed 11 September 2019]. 

THOMPSON, R.L., HIGGINS, C.A. & HOWELL, J.M. 1991. Personal computing: toward 
a conceptual model of utilization. MIS quarterly, 125-143. 

TROCHIM, W. & DONNELLY, J. 2008. The research methods knowledge base 3rd ed. th 
ed. Cincinnati (OH): Atomic Dog Publishing. 

ULLMAN, J.B. 2013. Structural equation modeling. In B.G. Tabachnick and L.S. Fidel. 
Using Multivariate Statistcis. 6th Edition. New Jersey: Pearson. 

ULLMAN, J.B. & BENTLER, P.M. 2012. Structural equation modeling. Handbook of 
Psychology, Second Edition, 2. 

VAN RAAIJ, E.M. & SCHEPERS, J.J. 2008. The acceptance and use of a virtual learning 
environment in China. Computers & Education, 50, 838-852. 

VENKATESH, V. & BALA, H. 2008. Technology acceptance model 3 and a research 
agenda on interventions. Decision sciences, 39, 273-315. 

VENKATESH, V. & DAVIS, F.D. 2000. A theoretical extension of the technology 
acceptance model: Four longitudinal field studies. Management science, 46, 186-204. 

VENKATESH, V., MORRIS, M.G., DAVIS, G.B. & DAVIS, F.D. 2003. User acceptance of 
information technology: Toward a unified view. MIS quarterly, 425-478. 

VENKATESH, V. & SPEIER, C. 1999. Computer technology training in the workplace: A 
longitudinal investigation of the effect of mood. Organizational behavior and human 
decision processes, 79, 1-28. 

VENKATESH, V., THONG, J.Y. & XU, X. 2012. Consumer acceptance and use of 
information technology: extending the unified theory of acceptance and use of 
technology. MIS quarterly, 157-178. 

VENKATESH, V., THONG, J.Y. & XU, X. 2016. Unified theory of acceptance and use of 
technology: A synthesis and the road ahead. 

VERDINELLI, S. & SCAGNOLI, N.I. 2013. Data display in qualitative research. 
International Journal of Qualitative Methods, 12, 359-381. 

WHEELER, D.A. 2003. Why open source software/free software (OSS/FS)? Look at the 
numbers. Retrieved October, 13, 2003. 



 

203 

 

WILLIAMS, M.D., RANA, N.P. & DWIVEDI, Y.K. 2015. The unified theory of acceptance 
and use of technology (UTAUT): a literature review. Journal of Enterprise Information 
Management, 28, 443-488. 

WILLIAMS, M.D., RANA, N.P., DWIVEDI, Y.K. & LAL, B. Is UTAUT really used or just 
cited for the sake of it? a systematic review of citations of UTAUT's originating article.  
ECIS, 2011. 231. 

YONG, A.G. & PEARCE, S. 2013. A beginnerôs guide to factor analysis: Focusing on 
exploratory factor analysis. Tutorials in quantitative methods for psychology, 9, 79-94. 

YUAN, S., MA, W., KANTHAWALA, S. & PENG, W. 2015. Keep using my health apps: 
Discover users' perception of health and fitness apps with the UTAUT2 model. 
Telemedicine and e-Health, 21, 735-741. 

ZIKMUND, W.G., BABIN, B., CARR, J. & GRIFFIN, M. 2003. Business Research 
Methods, 7th Edition'. South-Western: John Wiley and Sons Inc. 

 
 
 



 

204 

APPENDICES 

 

APPENDIX A: STUDY QUESTIONNAIRE 

 

 

 



 

205 

 

 

 

 

 

 



 

206 

 

 

 

 

 

 



 

207 

 

 

 



 

208 

APPENDIX B: INTERVIEW QUESTIONS ï ADAPTED UTAUT2 QUESTIONNAIRE 

 



 

209 

APPENDIX C: CONSENT FORM FOR PERSONAL INTERVIEWS OF GISC 

PRACTITIONERS 

 



 

210 

 

 



 

211 

APPENDIX D: ETHICAL APPROVAL LETTER 

 



 

212 

APPENDIX E: CONSENT FORM FOR QUESTIONNAIRE 

 

 



 

213 

 

 






































































