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Abstract 

Currently, 75% of the world’s estimated land parcels are not registered in land 

administration systems. This indicates that there is an enormous tenure gap 

worldwide. In addition, many existing land administration systems tend to collect a 

limited number of land Rights, Restrictions and Responsibilities (RRRs) in direct 

relation to ownership rights. Information about other RRRs related to land and 

property is not collected, easily accessed or discovered. Therefore, locating and 

capturing the required data to manage current land and property issues within a 

specific country or region remains a challenge.  

There are a number of impediments for collecting and managing land and property 

information including a limited workforce with an insufficient number of 

professionals, limited resources in government bodies, and the high costs of current 

data collection methods. There is a need to develop faster, cheaper and more fit-for-

purpose data collection methods in land administration. Crowdsourcing could be a 

potential approach for collection land and property information in a quick and low-

cost manner. Crowdsourcing can be understood as the process of collecting and 

aggregating data from ordinary individuals, usually by means of web enabled mobile 

devices.  

This research explores the emerging crowdsourcing concept in land administration. 

Given the limited literature and empirical studies in this domain, this research 

employed Delphi study to draw on the knowledge of a group of international experts 

in land administration and crowdsourcing field. The research developed: an 

appropriate term and definition to address citizen contribution to land and property 

data collection; a list of parameters that influence the choice of a data collection 

method in land administration; a set of factors that are crucial for utilising 

crowdsourcing in land administration; and finally, a list of land and property 

information types that could potentially be collected by means of citizen 

contribution.  

These findings were incorporated to formulate a generic and innovative framework, 

which could potentially serve as a basis for the adoption of crowdsourcing in land 
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administration. The developed framework goes beyond the technical aspect of 

crowdsourcing in land administration. It provides a comprehensive view on the 

entire process of using crowdsourcing in land administration by integrating land 

and property characteristics and requirements, institutional, social, and technical 

aspects of crowdsourcing in land administration. It also prompts the awareness and 

understanding of a range of drivers and enablers that could facilitate the use of 

crowdsourcing in land administration. It also helps to think about different 

functions that crowdsourcing can offer to land administration systems ranging from 

collecting land and property information to reporting issues related to land and 

property. It also provides insight into how the legal framework could limit or 

support crowdsourcing for land administration purposes. Furthermore, this work 

helps to clearly understand the opportunities and barriers of adopting 

crowdsourcing in land administration by identifying the aspects that should be 

considered in the process of crowdsourced implementation.  

In addition, a prototype system called MyLand, was developed to examine the 

developed framework for the adoption of crowdsourcing in land administration 

through the conducted pilot study. It also demonstrates how crowdsourced land and 

property data can be collected in real-world situations. The main lesson learned 

from the conducted study was that the crowdsourcing framework in land 

administration is largely successful in its aims by providing explicit and detailed 

explanation on the areas that need consideration and investment within a specific 

context.  
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CHAPTER 1 

INTRODUCTION 

 

‘If you go back a few hundred years, 

 what we take for granted today would seem like magic’ 

 

-ELON MUSK 
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1 Introduction 

 

1.1 Research Background 

Land administration is the domain of dealing with relations of mankind to land. Its 

main concern is the management of rights, responsibilities, and restrictions (RRRs) 

related to land resources, such as property, buildings, and the marine environment 

(ISO19152, 2012; Williamson, Enemark, Wallace, & Rajabifard, 2010). Land 

administration is fundamentally important in society, and it has a critical role in 

economic growth and sustainable development (Williamson et al., 2010). Land 

administration is implemented through a range of functions, involving the 

organisation of land tenure, land value, land use, and land development (Williamson 

et al., 2010). However, there are few land administration systems that are able to 

fully support these functions, and the majority of the world’s population do not have 

access to proper land administration systems for the registration of their land and 

property RRRs (Enemark, Bell, Lemmen, & McLaren, 2016).  

It is estimated that there are around 6 billion land parcels or ownership units in the 

world, but only 1.5 billion parcels are formally registered in land administration 

systems (Zimmerman, 2011). The majority of these parcels are in developing 

countries (Enemark et al., 2016). Over 70% of land in many developing countries 

does not have any record in the formal land administration system (UN-HABITAT, 

2015). For example, in Sub-Saharan Africa, more than 90% of the rural population 

are living in unregistered land parcels (UN-HABITAT, 2008). These statistics 

indicate that there is an enormous tenure gap in the world. The literature on this 

topic suggests that current approaches (e.g. cadastral surveying, dominated by land 

professionals) are unable to capture data related to those unregistered parcels well, 

resulting in land disputes and land grabbing (Enemark, Bell, Lemmen, & McLaren, 

2014; McLaren, 2011). Tenure gap also could have negative impacts on the 

environment and economic growth (Williamson et al., 2010). The challenge is, 
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therefore, to develop faster, cheaper, and more appropriate methods for delineating 

boundaries of various rights associated with the land parcels in such countries. 

Nevertheless, many existing land administration systems do collect a limited 

portion of land RRRs. Most of these RRRs relate to ownership rights, such as 

ownership boundaries, easements, and mortgages. They are mainly based on a 

narrow land administration paradigm centred on land and property registration. 

Information about other RRRs related to land and property (e.g. native vegetation, 

national park boundaries, and noise levels) are either not captured or not easily 

accessible or discoverable. It is important to note that there is an increasing number 

of new types of RRRs that are being created by means of legislation (Bennett, 

Wallace, & Williamson, 2008; Steudler, 2014). For example, a study conducted by 

Bennett (2008) shows that more than 60% of legislation in the state of Victoria was 

enacted to create RRRs, and in New South Wales, this figure stands at more than 

50%.  

The importance of collecting and managing all types of RRRs has been highlighted 

in much literature and it is a growing focus of organisations such as the World Bank 

and the International Federation of Surveyors (Enemark et al., 2014). Nowadays, 

land administration systems are not limited to the management of land and 

property RRRs related to ownership. Although the collection of such types of RRRs 

is the main goal of any land administration system, management of other types of 

RRRs could lead to the delivery of more comprehensive and multipurpose land 

administration systems. Multipurpose land administration systems not only 

contribute to the management of land tenure and land taxation but also support the 

important activities of land use planning and land development (Kain & Baigent, 

1992). By the late twentieth century, the multipurpose land administration system 

was considered the most appropriate model for the management of land and 

property RRRs (Kaufmann & Steudler, 1998; Steudler & Williamson, 2002). 

Recently, New Zealand and Australia’s governments have outlined a vision for 

cadastral systems, Cadastre 2034, to support the identification of all RRRs in future-

oriented national cadastre strategies (ICSM 2014; Land Information New Zealand, 

2014).  
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Different jurisdictions might need different types of land and property RRRs. For 

example, in a country with limited records of land rights, collecting ownership 

boundaries might be a priority. In another country with well-established tenure 

systems, however, collecting other RRRs that are not always integrated with the 

cadastre, such as fire and flood zones or native vegetation areas, might be needed. 

This means that a wide range of RRRs needs to be collected for each jurisdiction. 

It is important to note that although each jurisdiction requires different types of 

RRRs, the obstacles preventing their collection arise from the same causes, such as 

insufficient resources and the high costs of current spatial data capture methods 

(Hackman-Antwi, Bennett, de Vries, Lemmen, & Meijer, 2013; McLaren, 2012b; UN-

HABITAT, 2008; Williamson et al., 2010). Previous studies have highlighted that the 

approach to the determination of the spatial extent of land and property RRRs that 

is currently preferred, which is mostly based on accurate mapping processes, is not 

affordable for many countries. It has been argued that rather than simply following 

the traditional field surveying methods in all jurisdictions, the data collection 

approaches used in land administration should be fit for the purpose of managing 

current and future land issues within a specific region or country. Therefore, it is 

necessary to apply a more affordable and speedy approach (Bennett & Alemie, 2015; 

Enemark, 2013; McLaren, 2011; Potsiou & Basiouka, 2012; Roberts, Davis-Raiss, 

Lofberg, & Goodman, 2013).  

The need for the quicker and cheaper collection of land and property information 

and recent enhancements in crowdsourcing have sparked interest in its application 

to land administration. Crowdsourcing is a phenomenon whereby groups of 

geographically dispersed people can work together to produce a beneficial product. 

In 2007, Goodchild coined the term Volunteered Geographical Information (VGI) to 

refer to crowdsourcing in the spatial domain. VGI involves people voluntarily 

collecting, organising, and disseminating geographic information and data in such a 

manner that the information can be used by others (Tulloch, 2008). The terms VGI, 

crowdsourcing, user-generated content, neo-geography, and similar terms tend to 

describe the new phenomenon of involving citizens in the process of spatial data 

collection.  
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Over the past decade, most research has recommended the use of crowdsourcing in 

land administration to facilitate the data collection process (McLaren, 2010, 2011), 

and it is a growing focus of organisations such as the World Bank, Global Land Tools 

Network (GLTN), and the International Federation of Surveyors (FIG). 

Crowdsourcing in land administration can provide a temporary solution in areas in 

which there are few or no records of land and property information (Basiouka & 

Potsiou, 2012; McLaren, 2012a). Furthermore, crowdsourced land and property 

information might also provide opportunities for developed countries to enhance 

their current land administration systems. It also can enable these systems to 

operate more effectively by collecting data related to land and property information 

(e.g. native vegetation) that is not normally captured in current land administration 

systems (Clouston, 2015; Rahmatizadeh, Rajabifard, & Kalantari, 2016). In addition 

to two-dimensional collection of land and property information, crowdsourcing 

might be economically feasible for three-dimensional collection thereof. Some first 

promising results were achieved in past studies (Ellula, Almeidab, & Romanob, 

2016; Gkeli, Potsiou, & Ioannidis, 2019; Vucic et al., 2015) and this field might be a 

field for further research in land administration and crowdsourcing.  

The advantages and disadvantages of applying crowdsourcing in land 

administration have been discussed in literature (McLaren and Kingdom, 2010; 

McLaren, 2011; Adlington, 2011; de Vries et al., 2014; Laarakker and de Vries, 2011; 

McLaren, 2011; Williamson et al., 2012). Furthermore, preliminary analyses on the 

accuracy and assurance of crowdsourced data in land administration have also been 

made (Basiouka & Potsiou, 2012; Kalantari & La, 2015; Roberts et al., 2013). In 

recent research, more attention has been given to other issues associated with 

utilising crowdsourcing in land administration rather than data quality. For 

example, Keenja et al. (2012) explored the perceptions of land professionals 

regarding crowdsourcing in land administration. In another study, Basiouka and 

Potsiou (2013) investigated the incentives and motivations of citizens for their 

participation in VGI cadastral mapping. These studies investigated crowdsourcing 

from different perspectives and examined some important aspects thereof it in the 

context of land administration. However, these studies do not provide a thorough 
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explanation of how and when crowdsourcing can be implemented in land 

administration. 

Apart from these studies, some examples of local community collaborations for land 

and property data collection have been reported in a range of jurisdictions: Greece 

(Basiouka & Potsiou, 2012); Kyrgyzstan, Russia, and Georgia (Adlington, 2011); 

Cambodia and Azerbaijan (McLaren, 2011); and the Congo (Enemark et al., 2016). 

In these examples, a degree of collaboration between local community and 

authorities was implemented in order to collect land and property data.  

Most of crowdsourcing practices in the land administration domain are probably 

learning by doing it, perhaps because the high-speed of technological development. 

The underpinning framework for the implementation of crowdsourcing in the 

process of land and property data collection have not been given much attention in 

prior study and its requirements for land and property information have not been 

clearly identified. More rigorous and detailed guiding mechanisms for the adoption 

of crowdsourcing in land administration are needed. 

Crowdsourced land and property information could be used in future land 

administration systems in order to make a new generation of land and property 

information. The new paradigm of crowdsourcing in land administration must go 

beyond simply promoting crowdsourcing due to its advantage as a quick and low-

cost approach. Utilising crowdsourcing in land administration is not a simple task. 

It is complex and multi-dimensional. Establishing a guiding framework could 

facilitate the process of utilising crowdsourcing in land administration. As Miles and 

Huberman (1994) argued, a framework sets out the key factors, concepts, or 

variables of a project and presents the relationships between them, either 

graphically or in narrative form, to solve or address complex issues. Consequently, 

a framework for the adoption of crowdsourcing in land administration is needed. It 

should present, in simple terms, a picture of how and when crowdsourcing can work 

in land administration. 

 

 

 



10 

 

1.2 Research Problem 

The research problem that is central to this thesis can be expressed as:  

Crowdsourcing is a potential approach for collecting land and property data. 

However, utilising crowdsourcing in land administration is a complex issue. Little is 

known about when and in what circumstances crowdsourcing can be used for 

collecting land and property information, how this approach can be adopted, and 

what considerations should be made in the process of its adoption. 

1.3 Research Aim 

The aim of this research is to develop a framework that can act as a guiding 

mechanism to determine when, in what circumstances, and how crowdsourcing can 

be used in land and property data collection and what considerations should be 

made in the process of its adoption.  

1.4 Research Objectives 

In order to achieve the research aim and address the research problem, the research 

has the following objectives: 

• To investigate and understand land administration systems in terms of land 
and property data collection as well as the approaches to citizen contributions 
to spatial data collection, particularly in land and property data collection (e.g. 
crowdsourcing and VGI projects);  

• To set the domain and define the scope of citizen contributions to the process 
of spatial data collection in land administration domain; 

• To identify the parameters that could affect the choice of a spatial data 
collection method in land administration; 

• To identify the factors that could affect the involvement of citizens in the 
process of data collection in land administration; 

• To identify the potential land and property information that can be collected 
by citizens; 

• To develop a framework for utilising crowdsourcing in land and property 
information collection; and 

• To examine the application of the framework to a real-world case of 
crowdsourcing in land and property data collection. 
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1.5 Research Approach 

This thesis employs a mixed method approach analysis, integrating qualitative and 

quantitative approaches, of the expert opinions on crowdsourcing and land 

administration and develops a framework for utilising crowdsourcing in land and 

property information. This research adopts the Delphi study method as its primary 

methodology in order to achieve consensus among the group of international 

experts. The Delphi study method is highly recommended for issues involving 

complex and emerging topics of interest, particularly when the topic is in its early 

stages of development and theoretical models and frameworks are barely available 

(Clayton, 1997; Hasson, Keeney, & McKenna, 2000; Rowe & Wright, 1999). After 

developing the framework based on this consensus, it is applied to a real-world case 

of crowdsourcing in land and property data collection. 

The Delphi study is a proven method for collecting group intelligence and 

establishing a consensus. This method was developed in 1969 by Dalkey, and it 

generally involves the following steps (see Figure 1-1): 

• Determining the research elements (research problems, aims, and objectives); 

• Selecting panel members; 

• Designing the first round of the questionnaire; 

• Running the pilot study; 

• Modifying the first round of the questionnaire; 

• Initiating the first round of the Delphi study by sending the first round of 
questionnaire to the panellists; 

• Analysing the panellists’ responses to the first-round questionnaire and 
preparing a control feedback report;  

• Designing the second round of the questionnaire;  

• Initiating the second round of the study by sending the second round of the 
questionnaire with the control feedback report to the panellists;  

• Analysing the panellists’ responses to the second-round questionnaire and 
preparing a control feedback report; 

• Designing the third round of the questionnaire; 

• Initiating the third round of the study by sending the third round of 
questionnaire with the control feedback report to the panellists; and  

• Analysing the panellists’ responses to the third-round questionnaire and 
developing a final report. 
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Figure 1-1: The Delphi Study 

The research design for this thesis involves four main phases that lead to the 

development of a framework that demonstrates how and when crowdsourcing can 

be adopted in land administration. It also involves the development of a prototype 

system for land and property data collection by means of crowdsourcing and a case 

study to show its application in real-world case. Figure 1-2 details the adopted 

research approach for this study.  
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Figure 1-2: Research Approach 
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1.5.1 Foundation Phase 

In this phase, an extensive literature review was undertaken on two main areas: (1) 

land administration and (2) crowdsourcing and VGI approaches. The first step 

involved mapping the spectrum of multidisciplinary literature and publications 

regarding crowdsourcing and land administration. The literature search used a wide 

range of online academic databases, including Web of Science, Scopus, Engineering 

Village, and Google Scholar. The results of the search show that crowdsourcing in 

land administration is an emerging topic of research interest and most of the 

existing papers on this topic are published in conference proceedings. Therefore, 

other available resources, such as books, journal articles, conference proceedings, 

and web pages, as well as current crowdsourcing and VGI platforms and tools were 

used to collate a range of information for review. Collecting and reviewing the 

information about the available resources was only the beginning of the research 

process. The following tasks were also undertaken: 

• Systematically and qualitatively analysing the identified resources with the 
aim of understanding how crowdsourcing approaches can be used in land 
administration. In brief, this phase involved mapping the spectrum of the 
multidisciplinary literature and publications regarding crowdsourcing and 
land administration; 

• Identifying, organising, and categorising the concepts used or discussed in 
prior studies; and 

• Integrating the identified concepts and relationships to prepare an initial 
framework for utilising crowdsourcing in land administration. 

The findings of this phase set the scene for the next step of the research process by 

identifying the research gaps in this domain, as illustrated in Table 1-1. 

Table 1-1: The Identified Gaps in the Research on Land Administration Data Collection 

First 

Research 

Gap 

Several terms are used interchangeably to refer to the process of land 

and property data collection using citizen contributions. This 

indicates that there is no agreement on the relevant terminology or 

definitions among scholars and practitioners in this field. 



15 

 

Furthermore, the Delphi iteration documents (e.g. ethics approval applications, the 

first-round questionnaire, and the plain language statement) were prepared in this 

Second 

Research 

Gap 

The majority of the world’s population do not have access to formal 

land administration systems for the registration of their land and 

property information. Researchers in this field have concluded that 

this problem is strongly related to the data collection process, 

wherein the use of highly accurate, expensive, and time-consuming 

spatial data collection methods, such as field surveying, are 

overemphasised. To overcome this problem, innovative spatial data 

collection methods have been employed in many jurisdictions (e.g. 

using GPS for low-cost boundary surveys and using citizen 

contributions in the process of data collection). However, little is 

known about the parameters that affect the choice of an appropriate 

spatial data collection method. 

Third 

Research 

Gap 

Crowdsourcing can be used for collecting land and property 

information. The literature review outlines the challenges and/or 

opportunities in its application to land administration. It also reveals 

that utilising crowdsourcing in land administration is complex. 

However, there is no comprehensive outline of the factors that could 

impact the use of crowdsourcing in land administration and the ways 

in which crowdsourcing can be implemented in land administration. 

Arguably, identifying these factors is one of the most significant tasks 

in determining when and in what circumstances crowdsourcing can 

be used in land administration and what considerations should be 

made for the implementation of crowdsourcing in land 

administration. 

Fourth 

Research 

Gap 

The literature review reveals that there is limited knowledge about 

the potential land and property information that can be collected 

from citizens.  
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phase. The panel selection process was conducted in this phase, and by the end of 

this phase, the Delphi panel was established.  

1.5.2 Exploratory Phase 

The Delphi iteration starts with an exploratory phase, also known as Round 1. The 

first round of the questionnaire is distributed to the Delphi panel in this phase. This 

questionnaire has five open-ended questions. The aim thereof is to generate and 

include as many thoughts as possible on the following areas: 

• The definition and scope of crowdsourcing in the context of land 
administration; 

• The parameters that could influence the choice of a data collection method in 
land administration; 

• The factors that could affect the use of crowdsourcing in land administration; 
and 

• The potential land and property data that could be collected using the 
crowdsourcing approach. 

The panellists’ responses in this round were gathered and analysed by means of 

qualitative analysis, as detailed in Chapters 5 herein. The results of these analyses 

are summarised in the form of a ‘control feedback report’. Furthermore, the next 

round questionnaire was designed according to the results of this round (see 

Appendix 4 for the Round 2 Questionnaire). These documents were used as inputs 

for the next phase. In addition, in this phase, a preliminary framework for utilising 

crowdsourcing in land and property data collection was designed by logical 

integration and connection of the findings and synthesis of the knowledge acquired 

during this phase. 

1.5.3 Evaluation Phase 

The evaluation phase of this study started with the second Delphi iteration (also 

known as Round 2) and it continued to the third iteration (also known as Round 3). 

Rounds 2 and 3 of this study employed a structured questionnaire consisting of five 

sections, corresponding to the five sets of questions in the first round. The panellists’ 

responses in these rounds were analysed using quantitative methods. In this phase, 

the panellists had the opportunity to evaluate the results of the analysis of the 
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responses from the previous round in order to validate the findings thereof. 

Furthermore, they were able to revise, reassess, or refine their opinions or ideas 

with reference to the consolidated results achieved by the Delphi panel. They were 

also able to add any further comments to any of the generated items. The 

preliminary framework developed in the previous phase was revised according to 

the panellists’ input in this phase. 

1.5.4 Implementation Phase 

In this final phase, a prototype system was implemented based on the framework 

developed in the previous phase. Although the Delphi study does not require 

demonstration of the results in the form of a prototype, a prototype system was 

designed and implemented in order to answer the questions of the feasibility of its 

realisation and to demonstrate how the solution could be used in real-life situations. 

In order to carry out this implementation, the conceptual design for constructing the 

prototype was first developed. Thereafter, the architecture for the system was 

outlined. Subsequently, a prototype was implemented for collecting land and 

property information by means of citizen contributions. The implemented system 

consists of a mobile application for collecting land and property data and a server-

side application for data management processes. Finally, much land and property 

information were collected due to the efforts of a group of volunteers. 

1.6 Thesis Structure 

This thesis is composed of four main parts: introduction; background; research; and 

synthesis. Figure 1-3 demonstrates the structure of the thesis and how each chapter 

contributes to the overall thesis. 
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Figure 1-3: Thesis Structure 

In part one of this thesis, Chapter 1, the introduction, includes a declaration of the 

research problem, aims, objectives, and questions. Furthermore, the research 

approach and research phases undertaken are briefly described and justified in this 

chapter. In addition, the thesis’ structure and scope are detailed. 

In part two, Chapters 2 and 3 provide an overview of the land administration system 

and crowdsourcing. Chapter 2 begins by providing a historical background of land 

administration systems followed by a discussion on land administration functions 

and the role of land and property information on them. Land and property data 

collection and obstacles thereto are also highlighted in this chapter. Chapter 3 

begins by outlining the concepts and applications of crowdsourcing and VGI. The 

implications thereof in the context of land administration are discussed. This 

chapter concludes by identifying the gaps in the research on crowdsourcing in land 

administration.  

In part 3, Chapter 4 details the research design and methods undertaken to address 

the research questions outlined in Chapter 1. Discussions of the most appropriate 

method and the advantages and disadvantages of each are presented. The selected 

research methods are detailed and justified, and the implemented approach is 

explained. Chapter 5 also presents the results of the qualitative and quantitative 

analyses of the Delphi study in the exploratory and evaluation phases in response to 

the five research questions detailed in part 2. This chapter identifies the appropriate 

terms and definitions for addressing citizen contributions in land and property data 

collection; a list of types of potential land and property information for 

crowdsourcing; a comprehensive list of the parameters that could affect the choice 
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of a data collection method in land administration; and the most influential factors 

in the use of crowdsourcing in land administration.  

In part 4, Chapter 6 draws together the results of the five sections of Delphi study 

presented in Chapter 5 in order to develop a framework for the adoption of 

crowdsourcing in land administration. Chapter 7 is a discussion of the process of the 

design and development of a prototype system for land and property data collection 

through crowdsourcing in order to assess the feasibility of such a framework in a 

real-world situation. Chapter 8 concludes the research findings and achievements 

in response to the research aims and objectives. It also presents recommendations 

for future research.  

1.7 Scope of the Research 

This research focuses on the two different disciplines of crowdsourcing and land 

administration to determine when and how crowdsourcing can contribute to land 

administration. This research is not focused on any particular jurisdiction nor any 

specific land and property information. It attempts to provide a general perspective 

on the utilisation of crowdsourcing in land administration and to determine the 

areas that need further investigation in the process of its adoption based on a 

consensus of the views of experts in the field. 

The developed framework is designed primarily for use of decisionmakers in land 

administration. The framework has two main components: the selection of a fit-for-

purpose data collection method, as a philosophy behind of crowdsourcing, and  the 

adoption of crowdsourcing in land administration and the considerations that must 

be made concerning its adoption, which interact to demonstrate the complex 

relationship between crowdsourcing and land administration.  

1.8 Chapter Summary 

The research problem, aim, and objectives were introduced in this chapter. 

Furthermore, the research approach and research phases undertaken were briefly 

described and justified. Additionally, the thesis structure and scope were discussed. 
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The next chapter provides a deeper understanding of the problem by reviewing and 

expanding on the two disciplines of land administration and crowdsourcing and the 

issues relevant to the adoption of crowdsourcing in land administration.  

  



21 

 

 

 

 

PART 2- BACKGROUND 
  



22 

 

 

  



23 

 

 

 

 

 

 

 

CHAPTER 2 

LAND ADMINISTRATION: A NEW 

ERA, A NEW APPROACH TO DATA 

COLLECTION 

 

‘Good, bad or different, if you are not investing in new technology, 

you are going to be left behind.’ 

- PHILIP GREEN  
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2 Land Administration: A New Era, a New 

Approach to Data Collection 

2.1 Introduction 

This chapter reviews and discusses the principles and current status of the research 

on land administration with a special emphasis on land and property information. It 

begins with an overview of land administration, including land administration 

systems and the its components, such as the cadastre and land administration 

functions. Thereafter, the significance and role of land and property information are 

discussed. Fit-for-purpose land administration is explored. Finally, a global issue 

that impacts the collection of land and property information is reviewed to identify 

how crowdsourcing can contribute to the process of land and property data 

collection.  

It is important to mention that during this research, particularly in preparing 

Chapter 2-3, the two broad areas of land administration and crowdsourcing are 

explored. Emphasis is made on the overlap and connections between these two 

areas, as illustrated in Figure 2-1, in order to produce crowdsourced land and 

property information.  

 

Figure 2-1: The Broad Areas Explored in This Thesis 



26 

 

2.2 Land Administration 

Land administration provides an infrastructure for maintaining the relationship 

between land and people to ensure sustainable development (Williamson et al., 

2010). This relationship changes in response to general trends in globalisation, 

urbanisation, societal development, and technology. In the same way, the role of 

land administration systems is also changing over time in response to the people-

land relationship as illustrated in Figure 2-2. The original role of land administration 

was to publicly record ownership rights during the agricultural revolution 

(Williamson & Ting, 2001). This relationship changed during the industrial era, 

when land became recognised as a commodity. Consequently, land administration 

took another focus: supporting the property market. Population growth after World 

War II caused land to be seen as a resource in need of use planning. Over the last few 

decades, land has become increasingly seen as a scarce community resource. 

Therefore, the role of land administration has evolved and now serves the need for 

comprehensive information regarding the combination of property rights, valuation 

and taxation, and planning and control of land use.  

 

Figure 2-2: Land Administration Responses to the People-Land Relationship (Ting & 

Williamson, 1999)  

Traditionally, land administration systems record, manage, and disseminate 

information about land ownership and tenure. However, over hundreds of years, 

additional functions, such as land value, use, and development, were included in 

land administration systems in response to community needs. Currently, land 



27 

 

administration is a broad domain whose main concern is collecting, maintaining, 

managing, organising, and disseminating the RRRs related to people, policies, and 

places in support of sustainability (ISO19152, 2012; UN-ECE 1996; Enemark, 2009).  

In 1996, the United Nations Economic Commission for Europe (UNECE) in its Land 

Administration Guidelines defined land administration as ‘the processes of 

determining, recording, and disseminating information about the tenure, value, and 

use of land when implementing land management policies’ (UNECE, 1996, p. 107). 

It is considered to include land registration; cadastral surveying; and mapping, 

fiscal, legal, and multipurpose cadastre and land information systems (Steudler, 

Rajabifard, & Williamson, 2004). However, in many publications, the terms 

‘cadastre’ and ‘land administration’ are used interchangeably. However, this thesis 

uses the abovementioned definition of land administration, considering cadastre as 

a core of any land administration system that provides spatial integrity and unique 

identification of every land parcel. 

Cadastres are large-scale representations of how the land has been occupied and 

used. They provide security of tenure by recording land rights in a land registry. The 

cadastre and land registry were born and devolved separately; later, a combination 

of these dual systems came to be called ‘a cadastral system’ (Silva & Stubkjær, 2002; 

Zevenbergen & Bogaerts, 2000). The spatial integrity within the cadastre is usually 

provided by a cadastral map that is updated by cadastral surveys. The unique parcel 

identification provides the link between the cadastral map and the land registry. It 

also serves as the origin of any land administration system. The cadastre should 

ideally include all land in a jurisdiction: public, private, communal, and open space 

(Henssen, 1995; Larsson & Larsson, 1991; Williamson et al., 2010).  

2.2.1 Land Administration Functions 

Land administration provides the infrastructure for the implementation of land 

policies and land management strategies in support of sustainable development in 

a country by means of four main functions as illustrated in Figure 2-3 (Enemark, 

Williamson, & Wallace, 2005). 



28 

 

 

Figure 2-3: Land Administration System (Enemark et al., 2005) 

2.2.1.1 Land Tenure 

The land tenure function of land administration is focused on securing and 

transferring ownership rights to land and natural resources in a sustainable 

manner. It recognises the relationship between people and land. This is the most 

fundamental function of a land administration system.  

The way land tenure operates varies across countries and even within countries. It 

starts from informal (customary) to formal (statutory) form as illustrated in Figure 

2-4. A wide range of land rights can exist in the context of either formal or informal 

land tenure (UN-HABITAT, 2008). Formal land tenure is administrated by the 

relevant legal system, based on common, civil, or religious law. Informal land tenure 

is administrated by customs or oral traditions. In addition, depending on the 

context, different forms of land tenures are more appropriate and easier to 

administer than others (UN-HABITAT, 2015).  

Regardless of the way in which the land tenure system operates, land and property 

data fuels it. Therefore, the availability of land and property information is 

fundamental for an effective land tenure administration system. Currently, an 

estimated 25% of the world’s land parcels have been registered in land 

administration systems. This would leave 75% of land parcels unregistered, which 

shows an enormous land and property data gap worldwide (McLaren, 2011). Other 
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reports indicate that most developing countries have a cadastral coverage of less 

than 30% of the country (Enemark et al., 2014; UN-HABITAT, 2015). For example, 

in Sub-Saharan Africa, more than 90% of the rural population is living in 

unregistered land parcels (UN-HABITAT, 2008).  

 

Figure 2-4: The Continuum of Tenure Types (UN-HABITAT, 2008) 

2.2.1.2 Land Value 

Land value is the second function of the land administration system. This function 

deals with the valuation and taxation of land and property (Enemark et al., 2005). It 

requires up-to-date and complete land and property information for gathering 

revenue through taxation as well as the management and adjudication of land 

valuation and taxation disputes (Williamson et al., 2010). Land and property data is 

a key strategic asset for this purpose. For example, in Egypt, it is estimated that only 

8% of the land there has the proper documents to generate tax revenue. While this 

figure seems discouraging, it is important to consider that 92% of the land parcels 

are simply waiting to be properly recorded and entered into a land administration 

system to generate the much-needed collateral.  

2.2.1.3 Land Use 

Controlling land use involves implementing planning policies and land use 

regulations from the national level to the local level (Williamson et al., 2010). This 

function also requires much information about land and property to be operational 

in terms of enforcing land use regulations and the management and adjudication of 

land use conflicts. The land use function of a land administration system needs the 
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combination of topographic and land and property mapping for the identification of 

existing land use as well as managing future land development opportunities 

(Enemark, 2013). 

2.2.1.4 Land Development 

The areas on which land development focuses include planning and implementing 

utilities, infrastructure, construction, and schemes for renewal and changes to 

existing land use (Enemark et al., 2005). Land and property information provides a 

foundation for constructing new physical infrastructures. In addition, it supports the 

implementation of construction planning and changes to land use by means of 

planning permission and management of complaints and disputes. Leveraging of 

land and property data is a valuable asset for this process.  

To sum up, land and property information provides the infrastructure for operating 

a land administration system within the four interrelated functions: land tenure, 

land value, land use, and land development. 

2.3 Land and Property Information 

Land and property information includes a wide range of data, including cadastral 

and topographical data as well as data concerning the environment and natural 

resources. The availability of land and property information can result in better land 

policy decisions, fewer disputes, and land use and management (UN-FIG, 1999) as 

demonstrated in Figure 2-5.  

 

Figure 2-5: Better Land Use Can Derive from Good Land Information (UN-FIG, 1999) 

In practice, the level of availability of land and property data/information differs 

widely not only across jurisdictions but even within a jurisdiction. Many places in 

the world do not have complete land and property data to support the land tenure 
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function. In contrast, some places exceed this requirement. They have complete 

coverage of land and property data to support their land administration system. 

However, many of these systems tend to formally register a limited number of land 

and property RRRs in direct relation to ownership rights, such as ownership 

boundaries, mortgages, and easements (Rahmatizadeh et al., 2016). They are mainly 

based on a narrow land administration paradigm centred on the land tenure 

function. Many other land and property RRRs created by means of legislation in 

response to several concerns, including environmental issues (e.g. native 

vegetation, national park boundaries, and noise levels), are either not captured or 

are not easily accessible or discoverable (Bennett et al., 2008).  

For example, in Australia, the cadastral system records key attributes related to land 

rights, such as who owns the land, where the land is located, and what interests are 

created (Steudler, 2014). This system supports Australia’s property market and is a 

good illustration of an appropriate land administration system. Meanwhile, many 

land interests are not well managed or understood in this system, such as the 

alienation of land for use as national parks, the unbundling of water and timber 

rights from private land, the relocation of the land rights of indigenous peoples, 

undermining, and commercial fishing licences (Bennett, 2008). Such RRRs are 

increasing in number and significance as governments implement land policies 

(Bennett et al., 2008; Steudler, 2014), and they are different to traditional ownership 

rights. Figure 2-6 is an illustration of different RRRs associated with a land parcel, 

which often overlap (Williamson & Ting, 2001).  



32 

 

 

Figure 2-6: The Rights, Restrictions, and Responsibilities Associated with a Land Parcel 

(Williamson & Ting, 2001) 

Much legislation has been made to create legal RRRs concerning land and property. 

For example, in Victoria, Australia, over 60% of the legislation was made to create 

RRRs; in New South Wales, Queensland, and Western Australia, this figure stands at 

over 50% (Bennett, 2008; Lyons, Davies, & Cottrell, 2002). Such interests impact a 

landowner’s legal entitlement, and people expect to be able to easily access this 

information and be fully informed about legal interests associated with a particular 

piece of land. Recently, having recognised these problems, the governments of 

Australia and New Zealand are taking action. They have described a vision of future-

oriented national cadastre strategies for 2034 that support the identification of all 

RRRs related to land and property (ICSM, 2015; Land Information New Zealand, 

2014). 

The value of collecting and managing a wide range of land and property RRRs is not 

only limited to Australia but also it is a growing focus for organisations such as the 

World Bank and the International Federation of Surveyors (FIG). At the 
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international level, the publication of Cadastre 2014 in 1998 evidenced global 

awareness of the necessity of collecting and managing all RRRs related to land and 

property (Kaufmann & Steudler, 1998). This necessity is also highlighted in many 

reports, statements, and literature published globally (e.g. Kaufmann and Steudler, 

1998; Williamson and Ting, 2001; Lyons et al., 2002; Bennett et al., 2008). 

Further evidence to show the value of collecting a wide range of RRRs to support the 

four functions of land administration is the multipurpose land administration 

concept (also known as multipurpose cadastre) that emerged in the 1970s. This 

system not only contributes to the management of land tenure and land taxation but 

also supports the important activities of land use planning and land development 

(Kain & Baigent, 1992). By the late twentieth century, the multipurpose land 

administration system came to be considered as an appropriate model for the 

management of the new land and property RRRs (Kaufmann & Steudler, 1998; 

Steudler & Williamson, 2002). However, no country with a multipurpose land 

administration system has yet fully implemented a solution for the holistic 

management of RRRs related to land and property (Steudler, 2014), and there is still 

a need to identify and investigate new methods to facilitate the process of RRRs data 

collection in order to deliver a modern multipurpose land administration system. 

Well-organised land and property RRRs would result in better land policy decisions, 

fewer disputes, better land use, and better land management (Bennett, 2008). 

Furthermore, collecting, recovering, and re-establishing land and property 

information is crucial in post-disaster recovery. Natural disasters like floods, 

hurricanes, bushfires, landslides, and earthquakes may cause the property owner’s 

death, destroy the land records, and erase physical land boundaries. The first 

priority after a natural disaster is keeping people alive. However, land rights issues 

are also essential for long-term post-disaster recovery and reconstruction 

(Crawford, 2006). For example, in 2013, nearly 22 million people were displaced 

due to natural disasters (UN-HABITAT, 2015). Displacement has clear effects on 

land and property rights. People without secure land rights may refuse to move 

home because they might lose their ownership rights. In many cases, quick action is 

required in order to determine the land ownership boundaries in the affected areas 
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before the clean-up operations (Crawford, 2006). Property boundary detection is 

much quicker when a few remaining references (e.g. trees, walls, and fences) are still 

available. Therefore, selecting a quick and affordable data collection method is vital 

in post-disaster recovery.  

Different areas and regions need a broad range of land and property information to 

deliver land policy in a sustainable manner. For example, in a country with limited 

records of land rights, collecting ownership boundaries might be the highest 

priority. In another country with well-established tenure systems, however, 

collecting other land and property information that is not always integrated with 

the current system, such as fire and flood zones or native vegetation areas, might be 

needed. This means a wide range of land and property information needs to be 

collected for each jurisdiction worldwide. Furthermore, the required accuracy, 

assurance, and authority vary from one type of land and property (e.g. property 

delineation in a dense urban area) to another (e.g. a national park delineation). 

Consequently, several alternative data collection approaches can be adopted 

according to the requirements and situation of a jurisdiction. 

2.4 Land and Property Data Collection 

Land and property data collection is the process of gathering and collecting data 

related to land and property. Prior studies have pointed out that the key to providing 

an effective land administration system lies in the collection of land and property 

data (Bennett & Alemie, 2015; Enemark et al., 2014; Hackman-Antwi et al., 2013; 

Rijke et al., 2012; Steudler, 2014; Zevenbergen, Augustinus, Antonio, & Bennett, 

2013) Although the types of required land and property information vary from one 

place to another, the obstacles preventing their collection arise from the same 

causes: overemphasising the use of data collection methods dominated by land 

professionals, a lack of financial resources, a limited number of relevant 

professionals, population growth, and rapid urbanisation (Hackman-Antwi et al., 

2013; McLaren, 2012a; UN-HABITAT, 2008; Williamson et al., 2010). This could 

result in land disputes and land grabbing (Enemark et al., 2014; McLaren, 2011). It 

also could have negative impacts on the environment and economic growth 
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(Williamson et al., 2010). Consequently, the current gap in global land and property 

data cannot be quickly filled using the conventional models for data collection 

dominated by land professionals (Enemark, 2013; McLaren, 2011; McLaren, 

Enemark, & Lemmen, 2016). Each jurisdiction may require a different data 

collection method to achieve their land policy aims and objectives, that is, simply 

that it is fit for their purposes rather than that it simply follows the traditional field 

surveying approaches (Enemark et al., 2016; McLaren, 2011; Potsiou & Basiouka, 

2012; Roberts et al., 2013). Consequently, there is a need to use affordable, quick, 

and appropriate approaches to land and property data collection.  

The history of land and property data collection dates back to ancient times. There 

is evidence of land registries in Egypt in 3,000BCE as well as in the Roman Empire 

in 300CE (Donnelly, 2012). Thereafter, the advancement of technology has had a 

significant role in the way in which spatial data about land and property is collected. 

It has improved the accuracy and speed of the data collection process. For example, 

Gunter’s chain, a distance-measuring device, was replaced by invar tapes and steel 

bands, and then by electronic distance measurement. In the same way as for angular 

measurement, compasses were replaced by transits, later by theodolites, and then 

by total stations.  

Over time, the commissioning of Global Navigation Satellite Systems (GNSSs) and 

photogrammetric and remote sensing techniques have led to the increased use of 

these systems in land and property mapping processes. In addition, the vertical 

expansion of cities has increased the demand for three-dimensional land and 

property information. Unmanned Aerial Vehicles (UAVs) and Lidar laser scanning 

are examples of different technologies that facilitate the process of three-

dimensional data collection.  

Currently, these technological advancements have opened up new possibilities in 

data collection. The development of Web 2.0, consumer GPS receivers, and 

smartphones now allow an individual to collect or contribute to the collection of 

spatial data, the jobs that were previously reserved for professionals. For example, 

an individual could collect the coordinates of recognisable features using the GPS in 

their mobile phone. 
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In short, there are several alternative data collection methods that can be adapted 

according to the relevant jurisdiction’s requirements and resources. These range 

from accurate cadastral surveying using total stations by land professionals to the 

use of embedded GPS in smartphones by ordinary citizens. 

 All these alternative data collection methods can provide land and property data 

according to the UN-Habitat Continuum of Land Rights Approach (UN-HABITAT, 

2008, 2012; Zevenbergen et al., 2013). This approach provides a strong foundation 

on which a range of land and property information, with varying levels of accuracy, 

assurance, and authority, can exist. More importantly, it can be improved and 

upgraded over time or whenever necessary or relevant (Enemark et al., 2016). For 

example, with respect to the UN-Habitat Continuum of Land Rights Approach, the 

GLTN developed the Social Tenure Domain Model (STDM) to accommodate data 

collected using different data collection methods as well as a range of steps to collect 

the necessary data for registering land and property RRRs (Lemmen, 2010a; 

Lemmen, Augustinus, van Oosterom, & Molen, 2007). Furthermore, as discussed 

above, there is a need for collecting land and property information by a quicker and 

cheaper method. These matters derived the introduction of a fit-for-purpose land 

administration system to support the application of the UN Post-2015 Development 

Agenda (Enemark, 2015). 

2.5 Fit-for-Purpose Land Administration 

The term ‘fit-for-purpose land administration’ means that a land administration 

system should be focused on the actual needs of society to manage current land 

issues rather than being guided by high-tech solutions. Prior studies have raised 

awareness about the overall concept of a fit-for-purpose approach to land 

administration and the benefits of adopting this approach (Bennett & Alemie, 2015; 

Enemark, 2015; Enemark et al., 2016; McLaren et al., 2016).  

Fit-for-purpose land administration involves three frameworks: spatial, legal, and 

institutional frameworks (Enemark et al., 2016) as illustrated in Figure 2-7. These 

components work together to deliver a fit-for-purpose land administration system. 
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Each component should focus on accommodating and serving the actual needs of a 

society with relevant flexibility that can be improved over time (Enemark et al., 

2016). 

 

Figure 2-7: Components of a Fit-for-Purpose Land Administration System (Enemark et al., 

2014) 

The spatial framework of a fit-for-purpose land administration system is the 

underlying component of the system and represents the way in which the land has 

been used and occupied. It provides the foundation for land administration 

functions to operate, such as recording and managing land tenure, assessing land 

and property value and taxation, identifying and managing land use, planning for 

future land development, and administrating and protecting natural resources 

(Williamson et al., 2010). This implies that delivering a fit-for-purpose land 

administration system is subject to building a fit-for-purpose spatial framework, 

which is only achievable by selecting a fit-for-purpose data collection method. In 

terms of fit-for-purpose conceptualisation, a flexible approach that is focused on 

citizens’ needs is recommended, and it should be flexible, inclusive, participatory, 

affordable, reliable, attainable, and upgradeable (Enemark et al., 2014). 

The GLTN (Enemark et al., 2016) set out four principles for establishing a fit-for-

purpose spatial framework in land administration: visible (physical) boundaries 
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should be recorded rather than fixed boundaries; aerial/satellite imagery should be 

used rather than field surveys; accuracy should relate to the purpose rather than 

technical standards; and there should be demands and opportunities for upgrades 

and ongoing improvement. However, the GLTN (Enemark et al., 2016) gave limited 

guidance on how to choose the most appropriate method for a particular jurisdiction 

from the overwhelming range of available data collection methods or what 

parameters should be considered in the process of selecting a data collection 

method. 

The legal framework of a fit-for-purpose land administration system should be 

flexible and should be designed according to administrative rather than judicial 

principles. The principle of ‘continuum-of-continuums’ fully supports the use of a 

fit-for-purpose data collection method to build the underlying spatial framework in 

land administration (UN-HABITAT, 2008, 2012; Zevenbergen et al., 2013). 

Generally, it is important to recognise the data collection process as a dynamic 

process: as purposes evolve, so too does the data collection method. 

The institutional framework of a fit-for-purpose land administration system is 

based on the aim of establishing structures that are efficient and accountable. Land 

administration requires operational processes for implementing land policies in 

comprehensive and sustainable ways. Furthermore, as explained by Enemark 

(2015b), the existence of transparent land and property information is another 

requirement of a fit-for-purpose land administration system. It is also important to 

have a good understanding of the available IT solutions (e.g. Open-Source Cadastre 

and Registration Software) for the implementation of a fit-for-purpose approach. 

In light of the fit-for-purpose land administration concept and recent technological 

advancements such as Web 2.0, smartphones, and the availability of satellite 

imagery on the internet, crowdsourcing has been highlighted as a potential 

approach to land and property data collection. The next section will explore the use 

of crowdsourcing for land administration purposes. 
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2.6 Chapter Summary 

This chapter provided an overview of land administration. Land and property 

information was emphasised as a foundation for any land administration system. 

The importance of land and property data in the land administration system and the 

obstacles preventing their collection were also explored. Thereafter, the fit-for-

purpose land administration principle and its components were reviewed.  

The next chapter will examine the concept of crowdsourcing, with an emphasis on 

the use of crowdsourcing for land administration purposes. The relevance of 

crowdsourcing in the processes of land and property data collection and the current 

status of the use of crowdsourcing in land administration will be discussed. 
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CHAPTER 3 

CROWDSOURCING IN LAND 

ADMINISTRATION 

 

‘You can't solve a problem on the same level that it was created. 

You have to rise above it to the next level.’  

 

-ALBERT EINSTEIN 
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3 Crowdsourcing in Land Administration 

3.1 Introduction 

This chapter reviews and discusses the principles and current status of the research 

on crowdsourcing in land administration. It begins by giving the background of 

crowdsourcing. This will be followed by an overview of the main aspects of applying 

crowdsourcing in land administration. This chapter is concluded by revealing 

several knowledge gaps in this field that further form the foundation of the research 

presented in this thesis. 

3.2 Crowdsourcing 

Crowdsourcing is based on cooperation, aggregation, teamwork, consensus, and 

creativity (Brabham, 2008). The term ‘crowdsourcing’ was coined in 2006 to mean 

a collaborative model that the work can be done by crowd contributions (Howe, 

2006). Crowdsourcing is a new phenomenon whereby groups of geographically 

dispersed people can work together to produce a beneficial product (Brabham, 

2013a).  

The number of projects that have adopted the crowdsourcing approach 

demonstrate its value as a quick and low-cost approach for completing tasks. It also 

shows how this practice has been used worldwide (Brabham, 2008). A notable 

example of using crowdsourcing was reported by Goldcorp of Canada. Goldcorp 

made its gold exploration databases available to the public and offered a prize to 

anyone who could tell the company where to find gold. As a result of this decision, 

its annual production increased from 53,000 to 504,000 ounces, and the cost of gold 

exploration was simultaneously reduced from $360 to $59 per ounce (Tapscott & 

Williams, 2008). They successfully reduced the cost and increased the amount of 

exploration by using crowdsourcing.  

Despite the reductions in the cost and time involved in a project, crowdsourcing 

could make some jobs possible that cannot be done using other approaches. For 
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example, in 2008, the Library of Congress, a cultural heritage organisation, asked 

the members of Flickr sites, a photo-sharing site, to identify people in historical 

photographs. As a result of this approach, hundreds of people were identified by 

citizens in a very short timeframe (Springer et al., 2008). Without the citizens’ 

contribution, it would have been almost impossible to identify people in the 

historical photograph collection. 

Crowdsourcing is not only used for completing a task but also for public awareness 

and making a significant difference in community reactions. For example, the 

reaction of people worldwide to donate to Haiti earthquake victims on 12 January 

2010 is an outstanding example. People published a huge number of photos, texts, 

and videos about their own experiences during the earthquake via social media such 

as Facebook, Twitter, blogs, and YouTube. As a result, the Red Cross received USD 

$35 million of donations in just 48 hours. People donated to the Haiti cause more so 

than to victims of Hurricane Katrina or the 2004 tsunami in Asia. Citizen 

contributions to raising awareness had a significant role in this achievement (Gao, 

Barbier, & Goolsby, 2011; Morgan, 2010).  

Despite the successful implementation of crowdsourcing in practice, there are many 

conflicting views about crowdsourcing in theory (Estelles-Arolas, Gonzalez-Ladron-

de-Guevara, Estellés-Arolas, & González-Ladrón-de-Guevara, 2012). The boundaries 

and scope of crowdsourcing are not very clear. Crowdsourcing has been defined 

from many different perspectives, such as the identities of the participants and the 

reasons for their participation, the tools used across different cases, the common 

organisational features across several cases, and the degree of complexity or degree 

of user participation (Brabham, 2008; Howe, 2006; Mazzola & Distefano, 2010). 

However, there are four fundamental components for crowdsourcing that apply to 

all of these factors. Firstly, crowdsourcing requires an organisation that has a task 

that needs to be done. Secondly, it requires a community that is willing to perform 

the task voluntarily or with little payment. Thirdly, there must be an environment 

that allows the work to take place and the community to interact with the 

organisation. Fourthly, there must be a mutual benefit for the organisation and the 

community to perform the task. 
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Crowdsourcing has been discussed extensively from both theoretical and practical 

perspectives. For example, Brabham (2008) established the theoretical framework 

of crowdsourcing and Vukovic and Bartolini (2010) discussed the characteristics of 

crowdsourcing, such as the type of crowd that can participate, the incentive scheme, 

and the requirements of a crowdsourcing initiative. Furthermore, Doan et al. (2011) 

explored and reviewed crowdsourcing practice on the internet. Brabham (2013) 

outlined the best practice for using crowdsourcing in government.  

3.3 Volunteered Geographical Information 

In 2007, Goodchild coined the term VGI as a special case of crowdsourcing in the 

spatial domain (Goodchild, 2007). VGI is crowdsourced geographic information 

provided by a wide range of participants with varying levels of education, 

knowledge, and skills. Nowadays, advanced technologies such as Web 2.0, mobile 

phones, digital cameras, high-resolution satellite images, and GPS provide a valuable 

infrastructure for citizens to contribute to the process of spatial data collection. 

These advancements have dramatically transformed the ways in which spatial data 

are produced, used, and shared (Elwood, 2008; Goodchild, 2007; McLaren, 2011) 

and VGI is part of this transformation (Sui, Goodchild, & Elwood, 2013).  

At its most basic level, VGI is a pragmatic approach to the very low-cost acquisition 

of spatial data by using citizen contributions. Tulloch (2008) defined VGI as the 

phenomenon by which people voluntarily collect, organise, and disseminate 

geographic information and data in such a manner that the information can be used 

by others. Similarly, Goodchild (2007) defined VGI ‘a special case of the more 

general web phenomenon of user-generated content’. He considers humans as 

sensors that voluntarily collect and disseminate geographic data. Elwood et al. 

(2012) defined VGI as ‘geographic information acquired and made available to 

others’. Similar to crowdsourcing, VGI has many definitions.  

VGI has also been referred to as ‘neo-geography’ (Elwood, 2008; Hudson-Smith et 

al., 2009), ‘geo-crowdsourcing (Goetz & Zipf, 2013)’, ‘citizen sciences’ (Connors, Lei, 

& Kelly, 2011), and ‘user-generated content’ (Cooper, Coetzee, Kaczmarek, Kourie, 
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& Iwaniak, 2011). VGI can also be seen as an extension of participatory approaches 

to geographic information systems, such as Participatory GIS (PGIS), Public 

Participatory GIS (PPGIS) (Haklay, 2013), and location-based services or games (Alt, 

Shirazi, Schmidt, Kramer, & Nawaz, 2010). While initially these terms seem 

synonymous, slight differences exist between them. However, the main concern of 

all of them is spatial data collection using citizen contributions.  

During past decades, VGI has been investigated from different academic 

perspectives. For example, research has considered the motivation of participants 

(Coleman, Georgiadou, & Labonte, 2009); the types and knowledge of participants 

(Haklay, 2013); legal issues concerning VGI (Scassa, 2013); and technological 

aspects of VGI (Elwood, 2008). Among these topics, the credibility and quality of the 

VGI are the most frequently discussed (Elwood, Goodchild, & Sui, 2013; Flanagin & 

Metzger, 2008; Foody et al., 2013; Goodchild & Li, 2012; Kounadi, 2009).  

WikiMapia (wikimapia.org) is a notable example of VGI. The aim of WikiMapia is to 

create and maintain a free, complete, multilingual, up-to-date map of the entire 

world’s spatial objects. WikiMapia uses aerial imagery provided by Google to allow 

its users to orient the map when digitising information. Everyone can edit or add 

data by digitising a feature. To date, more than 23 million objects have been mapped 

by volunteers. Volunteer reviewers then check the accuracy and significance of the 

changes (Goodchild, 2007; Hardy, 2010; Hardy, Frew, & Goodchild, 2012; 

Priedhorsky, Masli, & Terveen, 2010; Sui, 2008). Volunteers collect experience 

points based on their contributions to WikiMapia projects. People with higher 

experience points have access to more tools and greater authority to add, edit, and 

delete features than those with less points. In addition to experience points, there is 

another award system based on several thresholds. For example, Scholar awards are 

given for adding 20 features to a school category.  

OpenStreetMap (openstreetmap.org) is another example of VGI. OpenStreetMap 

aims to create a free editable street map of the entire world by volunteers mainly by 

using GPS. OpenStreetMap is an alternative to commercial and government street 

maps. This project was started to facilitate the use of spatial data for all citizens in 

daily life. OpenStreetMap data is without copyright or licensing concerns; therefore, 
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anyone can use the data in a creative and productive way. The first street was 

mapped in London in 2004, and now more than 2.5 billion nodes have been mapped 

in this project. To date, around two million volunteers have contributed to the 

project. Anybody can contribute to OpenStreetMap as a data producer or user. 

OpenStreetMap allows users to add new information through an online interface or 

through external tools created by both volunteers and commercial entities. It is also 

possible that by using these tools, users might become more interested in geospatial 

information, and this phenomenon might provide more of a need for trained GIS 

professionals (Crampton, 2009). 

Another interesting example of VGI is the project conducted by the National Map 

Corps of the United States Geological Service (USGS). In this project, citizens were 

asked to record and collect data for The National Map database (nationalmap.gov). 

Much data is included in The National Map, which is not limited to mapping schools, 

universities, police stations, hospitals, and government buildings. 

3.4 Use of Crowdsourcing by Governments 

Crowdsourcing and VGI have been used by governments in several situations 

(Brabham, 2013b; Haklay, Antoniou, Basiouka, Soden, & Mooney, 2014) in addition 

to the global movements in collecting spatial data through the voluntary citizen 

contributions (e.g. OpenStreetMap, WikiMapia). For example, in 2011, the 

Indonesian government used OpenStreetMap for collecting exposure data. Exposure 

data shows the locations where people work and live and the construction of these 

structures. This data is a key input for the Indonesia Scenario Assessment for 

Emergencies (InaSAFE) in order to mitigate the country’s vulnerability to natural 

disasters (Haklay et al., 2014). Information about seismic activities and earthquakes 

was collected from people who experience them in a project called ‘Did You Feel It?’ 

The collected information is used in the provision of intensity data for 

USGS ShakeMap. ShakeMap provides near real-time maps of ground motion and 

shaking intensity following significant earthquakes. These maps are used by both 

the public and private sectors for post-earthquake response and recovery.  

http://nationalmap.gov/
https://earthquake.usgs.gov/data/shakemap/
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Despite the many successful examples of using crowdsourcing and VGI in practice, 

few studies have attempted to investigate the underlining theoretical background of 

how and when this approach can be adopted. Brabham's study (2013) is one of few 

studies that have attempted to develop general guidelines for utilising 

crowdsourcing for government purposes. He suggested ten best practices for 

governments to use crowdsourcing in the planning, implementation, and post-

implementation phases, as outlined in Table 3-1. 

Table 3-1: Crowdsourcing by Governments: Best Practices in the Planning, Implementation, 

and Post-Implementation Phases (Brabham, 2013b)  

Planning Phase 1 Clearly define the problem and solution parameters. 

2 Determine the level of commitment to the outcomes. 

3 Know the online community and their motivations.  

Implementation 
Phase 

4 Invest in usable, stimulating, well-designed tools. 

5 Craft policies that consider the legal needs of the 
organisation and the online community. 

6 Launch a promotional plan and a plan to grow and 
sustain the community. 

7 Be honest, transparent, and responsive. 

Post-
Implementation 
Phase 

8 Be involved but share control. 

9 Acknowledge users and follow through on obligations. 

10 Assess the project from many angles. 

The study of Haklay et al. (2014) examined the adoption of VGI as crowdsourced 

spatial information used by governments by reviewing 39 cases around the world. 

They suggested eight significant issues that need to be considered for the successful 

implementation of VGI for government purposes as outlined in Table 3-2. 
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Table 3-2: VGI Used by Governments: Issues for Consideration (Haklay et al., 2014) 

1 How the data collected will contribute to the government process and the 
organisational issues that this contribution entails. 

2 The ways in which traditional GIS practices and concerns about 
organisational change might limit the adoption of VGI by governments. 

3 Methods to overcome inherent coverage and temporal and participation 
biases, which influence data quality. 

4 Funding continuation and sustainability beyond the frequently short-term 
initial projects. 

5 Maintaining user participation. 

6 Licensing and other Intellectual Property Rights (IPRs). 

7 Identifying clear responsibilities and lines of communication for 
stakeholders. 

8 Creating clear reporting channels for participants. 

These studies consider the general issues associated with the implications of 

government use of crowdsourcing and VGI. The majority of these identified issues 

might apply directly to crowdsourcing in land administration. However, land 

administration has specific requirements, thus specific guidelines are required. The 

next section will review the studies that focus on crowdsourcing in land 

administration. 

3.5 Crowdsourcing in Land Administration 

Applying crowdsourcing practice to land administration can significantly transform 

the ways in which land and property data, information, and knowledge are collected 

and circulated. The idea of crowdsourcing’s application in land administration has 

been recognised in the past few years and is a growing focus of organisations such 

as the World Bank, GLTN, and FIG.  

Currently, the main aim of crowdsourcing in land administration systems is to speed 

up the process of data collection at a relatively low cost in the developing world to 

narrow the land tenure gap (Basiouka and Potsiou, 2012; de Vries et al., 2014; 

McLaren, 2011). There has been a debate about the use of crowdsourcing for 

facilitating the process of recording land rights worldwide. This debate is an 
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important step in creating a discourse on and awareness of crowdsourcing as a 

potential solution to fill the land tenure gap in some countries. For example, most 

developing countries with incomplete national cadastral maps might be able to 

facilitate the process of data collection by means of citizen contributions. The 

collected data can be considered as a starting phase to identify the way in which land 

is used and occupied (Laarakker & de Vries, 2011; McLaren, 2011). 

By focusing solely on the use of crowdsourcing in land tenure, this debate has tended 

to ignore the application of crowdsourcing in other land administration functions 

such as land use and land development. Crowdsourcing might provide opportunities 

for developed countries to enhance their current land administration systems by 

determining the spatial extent of other land and property information (e.g. native 

vegetation) that are not captured in current systems (Rahmatizadeh et al., 2016). In 

addition, crowdsourcing might provide opportunities for the three-dimensional 

collection of land and property data (Ellula et al., 2016; Vučić et al., 2015). Therefore, 

one of the research questions of this thesis aims to address this gap by identifying 

potential land and property information that could be collected using this approach, 

as illustrated in Table 3-3. 

Table 3-3: Research Gap and Research Question- Potential Land and Property for 

Crowdsourcing 

Research Gap The literature review reveals that there is limited 

knowledge about potential land and property information 

that can be collected by means of citizen contributions.  

Research 
Question  

What is the potential land and property information that 

could be collected by means of citizen efforts? 

In contrast to the global history of land administration, crowdsourcing is quite a 

recent practice in terms of land administration. Crowdsourcing has caused a major 

shift from mass data collection by authorities to more data collection being done by 

volunteering citizens (Brabham, 2008; Heipke, 2010; Sui, Elwood, & Goodchild, 

2012). At the FIG Congress 2010, Robin McLaren raised the possibility of mobile 
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phone functionality facilitating land administration services (McLaren, 2010). He 

brought attention to the value of current technology, which enables the contribution 

of ordinary citizens to land administration services. Later, in November 2011, RICS 

published a report entitled ‘Crowdsourcing Support of Land Administration’. It 

proposed a vision of how crowdsourcing can support land administration in order 

to fill the global land tenure gap. It discussed some of the risks associated with this 

approach and made some suggestions about how to manage those risks.  

In the same vein, Laarakker et al. (2011) introduced the concept of OpenCadastre to 

refer to citizen contributions in the process of making the cadastral map. They 

conducted a survey via LinkedIn and WikiMapia to identify the potential strengths 

and concerns of OpenCadastre among land professionals. These publications have 

focused on the ways in which crowdsourcing might assist land administration and 

have had an important role in raising awareness of the application of crowdsourcing 

to land administration. 

Subsequently, there has been an increasing trend in the number of publications 

related to crowdsourcing in land administration, and there has also been an increase 

in the number of terms that have been used, often interchangeably, to refer to this 

phenomenon, including VGI in cadastre (Basiouka & Potsiou, 2012), neo-cadastre 

(de Vries et al., 2014; Roberts et al., 2013), OpenPropertyMap (Kalantari & La, 2015), 

VGI in land administration (Rahmatizadeh et al., 2016), and participatory land 

administration (Asiama, Bennett, & Zevenbergen, 2017).  

What is immediately evident from this diversity is that there is little agreement on 

the term itself and its definitions. As Laarakker and de Vries (2011) explained, a 

common terminology is a starting point for building a new approach in land 

administration. People sometimes use one term when they mean another, and this 

significantly weakens the many attempts to communicate about scientific topics. 

This problem is more obvious when the communication involves authoritative 

bodies. The use of crowdsourcing in land administration may well be disruptive to 

traditional authoritative systems around the world and may cause much 

misunderstanding and confusion. Therefore, it is important to determine the most 
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appropriate term to refer to the process of land and property data collection by 

means of citizen contributions.  

Furthermore, technical terms need to be properly defined. This task is significant 

because even if a technical term is used correctly, it should not be assumed that 

others can understand precisely what it means. For example, when a person uses 

the term ‘crowdsourced land administration’, what exactly do they mean? 

Crowdsourcing has many definitions. More than 40 different definitions have been 

discussed and used in the literature (Estelles-Arolas et al., 2012). According to some 

of these definitions (e.g. Kleemann et al. [2008]), a well-known crowdsourced 

project like Wikipedia is not considered a crowdsourced project. In other words, 

people might give different meanings to the same term. Consequently, giving a single 

term many definitions could disrupt effective communication and could lead to 

misinterpretation. In addition, it could cause problems in its lack of ability to 

coherently classify a crowdsourced project in land administration or even to refer 

to it as a crowdsourced project. 

Agreeing on a single term for and definition of crowdsourcing in land administration 

could facilitate the process of understanding and communication. Such an 

agreement would also enable precise and consistent communication. This might 

lead to more success in the adoption of crowdsourcing in land administration. 

Consequently, one of the research questions of this thesis aims to address this gap 

as illustrated in Table 3-4. 

Table 3-4: Research Gap and Research Question- Term and Definition  

Research Gap The literature review in this domain reveals that several 

terms are used interchangeably to refer the process of land 

and property data collection by means of citizen 

contributions. This indicates that there is no agreement on 

the term and its definition among scholars and practitioners 

in this field. 
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Research 
Question 

What is the most proper term to refer the process of land 

and property data collection by means of citizen 

contributions? 

What is the most proper definition of the term? 

Nevertheless, even until now and due to the varying opinions on the understanding 

and practice of crowdsourcing in land administration, the literature review shows 

that both academics and practitioners regard crowdsourcing as a potential data 

collection method in this domain. 

Engaging citizens in the process of land information collection to deliver a fit-for-

purpose service and address community expectations is the core of any 

VGI/crowdsourcing approach. Crowdsourcing in land administration can be 

considered as a type of fit-for-purpose approach, as presented in Chapter 1. The 

term ‘fit-for-purpose’ indicates that the land and property information should be 

collected in such a manner that it enables the management of current land issues 

according to community needs rather than high-tech solutions. As discussed in 

Chapter 1, a number of studies have raised awareness of the overall concept of a fit-

for-purpose approach to land administration and the benefits of adopting this 

approach (Bennett and Alemie, 2015; Enemark, 2015; Enemark, et al., 2016; 

McLaren, et al., 2016). However, they provided limited guidance on how to choose 

the most appropriate method for a particular jurisdiction from the overwhelming 

array of data collection methods and what parameters should be considered in the 

process of selecting a data collection method. Little is known about the potential 

parameters that could affect the choice of a data collection method in land 

administration.  

Therefore, one of the research questions of this thesis aims to address this gap by 

identifying the parameters that should be considered in the process of selecting a 

fit-for-purpose spatial data collection method for land administration and to present 

a framework that structures these parameters. 
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Table 3-5: Research Gap and Research Question- Appropriate Data Collection Method 

Research Gap The majority of the world’s population do not have access to 

proper land administration systems to register their land 

and property information. The literature review shows this 

problem is strongly related to the data collection process, 

whereby the use of highly accurate, expensive, and time-

consuming spatial data collection methods, such as field 

surveying, is overemphasised. To overcome this problem, 

innovative spatial data collection methods are employed in 

many jurisdictions (e.g. using GPS for low-cost boundary 

surveys and using citizen power in the process of data 

collection). However, little is known about the parameters 

that affect the choice of a fit-for-purpose spatial data 

collection. 

Research 
Question  

How should a fit-for-purpose land and property data 

collection method be selected? 

The literature review reveals that crowdsourcing has been applied to the collection 

of land and property data in few cases. For example, Adlington (2011) reported a 

number of cadastral mapping methods by citizens (who had been trained for only a 

few weeks) in Kyrgyzstan, Russia, and Georgia. Basiouka and Potsiou (2012) 

reported successful adoption of crowdsourcing in the process of creating a cadastral 

map in a rural part of Greece. Enemark et al. (2016) also provided an example of a 

mapping initiative by Rainforest Foundation UK, MappingForRights, to secure their 

forest lands in the Congo. Asiama et al. (2017) examined the potential use of 

crowdsourcing in Ghana. In addition, Siriba and Dalyot (2017) and (Molendijk et al., 

2018) reported the formal adoption of crowdsourcing in land and property data 

collection in Kenya and Colombia respectively. Mapping slums and informal 

settlements through crowdsourcing in India and Somalia has also been reported in 

prior studies (Haklay et al., 2014). A review of prior studies in this area has extended 
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the researcher’s understanding of the nature of crowdsourcing in land 

administration. It has also demonstrated that crowdsourcing in land administration 

is a highly complex subject with four main aspects: technical, institutional, social, 

and legal considerations (Rahmatizadeh et al., 2016).  

3.5.1 The Quality of Crowdsourced Land and Property Data 

The quality of crowdsourced data in land administration has received the most 

attention among researchers and has been investigated in many studies. For 

example, Basiouka and Potsiou (2012), Kalantari and La (2015), and Roberts et al. 

(2013) investigated the positional accuracy of data entry for land administration 

purposes. The results of these studies have shown that the average coordinate shift 

of the entered points is less than five metres. However, their conclusions are very 

different. For instance, Basiouka and Potsiou (2012) concluded that there are 

abundant opportunities for crowdsourcing to contribute to the process of data 

collection in Greece, while Roberts et al. (2013) concluded that this level of accuracy 

is insufficient for cadastral mapping in New South Wales. These studies show that 

the quality of data should be investigated with respect to the requirements of 

particular areas. In other words, data is considered to be of sufficient quality when 

it is fit for its intended purpose in an area.  

In addition, the accuracy of the produced crowdsourced land and property 

information is related to several factors as discussed in prior studies 

(Apostolopoulos, Geli, Petrelli, Potsiou, & Ioannidis, 2016; Gkeli, Apostolopoulos, 

Mourafetis, Ioannidis, & Potsiou, 2016; Mourafetis, Apostolopoulos, Potsiou, & 

Ioannidis, 2015; Roberts et al., 2013). First, the quality and accuracy of the means 

used by the volunteers for data collection (e.g. the accuracy of GPS embedded in the 

mobile tools, the accuracy of the basemap or the orthophoto). Second, the 

experience of the volunteers in identifying the property boundary. Third, the 

complexity of the boundary. 

Assurance of the quality of collected land and property data is another subject that 

has been reviewed in prior studies. The reliability of the outcomes of any 

crowdsourcing project highly depends on the quality assurance procedures used. 
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Quality assurance of VGI has been widely discussed in the literature. Current VGI 

projects use a wide range of methods and procedures (or a combination thereof) to 

ensure the quality of the entered data, such as Linus’s Law, logical consistency, 

reputation, credibility, trusted intermediaries, or gatekeeper (Goodchild & Li, 2012). 

It is important to note that each of these methods has its own advantages and 

limitations, as discussed by Goodchild and Li (2012). Therefore, it is crucial to 

investigate how these methods could work for VGI initiatives in land administration.  

In the case of land administration (Navratil & Frank, 2013) reviewed the possibility 

of using current quality assurance methods in land administration. They argued that 

not all of these methods can be used in land administration as most of these methods 

work based on the number of verifications, and in many cases in land 

administration, only a few people can verify the correctness of the entered data. On 

the other hand, McLaren (2011) has suggested a number of quality assurance 

methods that can be used in the land administration domain, such as logical 

consistency, reputation, credibility, trusted intermediaries, or gatekeeper (McLaren 

2011a). 

In practice, the ‘trust intermediaries’ method is one of the quality assurance 

processes used in the STDM to validate the entered data. In the STDM, quality 

assurance is based on local communities’ agreement, as discussed in Lemmen 

(2010) and Lemmen et al. (2007). This agreement is considered as equivalent to a 

field survey. However, the accuracy of the positioning is less than it is in the formal 

procedure. The STDM was employed in developing countries to close the tenure gap. 

In addition, Siriba and Dalyot (2017) reported the use of the ‘trust intermediaries’ 

approach in crowdsourcing projects conducted in Kenya. In this project, the data 

was collected by a group of volunteer citizens and the verification was undertaken 

by each householder and elder members in the community, who have a type of 

informal authority in that community.  
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3.5.2 The Technical Aspects of Crowdsourcing in Land 

Administration 

The technical aspects of utilising VGI in land administration can be described as 

developing the required tools, standards, procedures, and platforms to make it 

possible for citizens to collaborate in the process of land and property data 

collection. The technical aspects of applying crowdsourcing in land administration 

have received abundant attention in the research. Researchers in this field have 

begun to create and adapt tools and platforms for land administration. For example, 

Kalantari and La (2015) and (Basiouka, Potsiou, & Bakogiannis, 2015) used the 

OpenStreetMap platform for land and property collection. Dyli (2016) 

demonstrated the functionality of ‘The Collector of ArcGIS’ to be used in land and 

property data collection in Ethiopia.  

Furthermore, there are several examples of developing tools and platforms 

specifically for land administration. For example, the Food and Agriculture 

Organization of the United Nations (FAO) developed SOLA (Solutions for Open Land 

Administration) to address the need for people in developing countries to have their 

tenure rights recognised (Pullar, 2016). The United States Agency for International 

Development (USAID) also developed a mobile app known as MAST (Mobile 

Applications to Secure Tenure) for collecting land rights information in rural areas 

(Euwema, 2016). Furthermore, the Cadasta Foundation is working on a global 

platform to manage crowdsourced land rights information, which is called Cadasta 

(Brinhurst, Pichel, & Ogina, 2017).  

These solutions have resulted in a degree of collaboration with local communities in 

order to collect land and property data. However, the framework underpinning the 

implementation of crowdsourcing in the process of land and property data 

collection and its connection with the other aspects of crowdsourcing in the process 

of land and property data collection has not been comprehensively investigated. 
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3.5.3 The Social Aspects of Crowdsourcing in Land 

Administration 

The social aspects involved in applying crowdsourcing in land administration are 

mainly centred on citizens as providers of information (Rahmatizadeh et al., 2016). 

Although many studies have examined the role of citizens and their motivations for 

participating in crowdsourcing projects in many disciplines, this area has not 

received much research attention in the context of land administration. The only 

study focusing on these issues was conducted by Basiouka and Potsiou (2013), who 

investigated the motivations and intentions behind the cadastral mapping process 

in Greece by means of citizen contributions. The study found that altruistic reasons 

are the most important reasons for citizens to participate in the mapping process, 

similar to other volunteer activities. Furthermore, time and cost reductions in the 

cadastral process are also important considerations.  

It is important to mention that further research is required to determine the 

incentives of contributors in any crowdsourcing initiative in land administration, as 

the incentives of people may not only vary from one area to another but also from 

one type of RRR (e.g. ownership boundaries) to another (e.g. native vegetation). For 

example, altruism may compete with self-interest for some types of RRRs as people 

who participate in VGI projects might be seeking to maximise their own rights and 

minimise restrictions and responsibilities. In short, understanding participants’ 

motivations and incentives could be a key component in utilising crowdsourcing in 

land administration and needs to be investigated in detail. Furthermore, how these 

aspects affect the use of crowdsourcing needs further investigation. 

3.5.4 The Institutional Aspects of Crowdsourcing in Land 

Administration 

A crowdsourcing paradigm might result in a new relationship between governments 

and citizens (Laarakker & de Vries, 2011). Citizens participating in the 

crowdsourcing process are not passive users. They are able to actively be engaged 

in the production, sharing, and use of land and property information. Keenja et al. 
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(2012) studied the perceptions of land professionals regarding crowdsourced land 

and property information. The results of this study showed that crowdsourcing is 

viewed as a threat by public cadastral organisations in Netherlands. Further 

investigation is required to understand how this new paradigm can be implemented 

and what considerations should be made in the process of utilising crowdsourcing 

in land administration. 

3.5.5 The Legal Aspects of Crowdsourcing in Land 

Administration 

The potential for using data entered by means of crowdsourcing to land 

administration systems raises important legal issues (e.g. liability), which could 

discourage governmental bodies from contributing to the effort. Laarakker and de 

Vries (2011) argued that from a legal point of view, there is a significant difference 

between authoritative data and voluntary data in the land administration domain. 

On the other hand, Land Information New Zealand (2014) reported in its national 

strategy for Cadastre 2034: ‘…the public can equip themselves with the means to 

locate boundaries and perhaps even to define certain less risky classes of boundary.’ 

Crowdsourcing and VGI could be a complementary method for those RRRs that are 

not regulated in a formal system or those that have less profound legal implications. 

In view of the potential benefits of crowdsourcing in any land administration system 

(e.g. collecting data in a timely manner and at a low cost), it is important to research 

the potential legal concerns associated with the use of crowdsourcing or VGI in land 

administration.  

Prior studies have provided some insight into the potential challenges and benefits 

associated with applying crowdsourcing in land administration. However, most of 

these crowdsourcing and VGI practices in land administration are learning by doing 

it. Perhaps because technology is advancing so fast and the theoretical knowledge 

base in this area is still insufficient and provides little guidance on when and how 

crowdsourcing can be adopted in land administration. Arguably, identifying the 

influential factors is a significant step that must be taken in deciding when and in 

what circumstances crowdsourced land and property information can be used and 



60 

 

what considerations need to be made for the implementation of crowdsourcing in 

land administration. Subsequently, one of the research questions of this thesis aims 

to address this gap, as illustrated in Table 3-6. 

Table 3-6: Research Gap and Research Question 

Research Gap Crowdsourcing is a potential approach for collecting land 

and property information. The literature review reveals the 

challenges and opportunities associated with the 

application of this approach to land administration. It also 

reveals that utilising crowdsourcing in land administration 

is complex. However, little is known about a comprehensive 

set of factors that could impact the use of crowdsourcing in 

land administration and the ways in which crowdsourcing 

can be implemented in land administration. Arguably, 

identifying these factors is a significant step that must be 

taken in deciding when and in what circumstances 

crowdsourcing can be used in land administration and what 

considerations need to be made for the implementation of 

crowdsourcing in land administration. 

Research 
Question 

What factors affect the use of crowdsourcing in land 

administration and in what circumstances can 

crowdsourcing be used as a complementary data collection 

approach? 

3.6 Chapter Summary 

This chapter provided an overview of crowdsourcing. The potential for 

crowdsourcing to play a role in improving the process of spatial data collection has 

been demonstrated by means of various examples from the relevant literature. The 

challenges and opportunities associated with crowdsourcing in terms of land and 

property data collection in prior studies were discussed, and the utilisation of 
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crowdsourcing in land administration has been reviewed. The research gaps were 

highlighted, as illustrated in Table 3-7. There is little agreement on the terminology 

used for this process and its scope. In addition, little is known about when, where, 

and in what circumstances crowdsourcing can be used for collecting land and 

property information, how this approach can be implemented, and what 

considerations should be made in its implementation. Furthermore, it discussed 

what types of land and property data can be collected by means of citizen efforts. 

Table 3-7: Summary of Research Gaps 

First 

Research 

Gap 

An overview of the literature in this domain reveals that several terms 

were used interchangeably to refer to the process of land and 

property data collection by means of citizen efforts. This indicates 

that there is no agreement on the term and its definition among 

scholars and practitioners in this field. 

Second 

Research 

Gap 

The majority of the world’s population do not have access to proper 

land administration systems to register their land and property 

information. The land community has come to believe that this 

problem is strongly related to the data collection process, whereby 

the use of highly accurate, expensive, and time-consuming spatial 

data collection methods (such as field surveying) is overemphasised. 

To overcome this problem, innovative spatial data collection methods 

have been employed in many jurisdictions (e.g. using GPS for low-cost 

boundary surveys and using citizen power in data collection). 

However, little is known about the parameters that affect the choice 

of a fit-for-purpose spatial data collection method. 

Third 

Research 

Gap 

Crowdsourcing may be used for collecting land and property 

information. The literature review reveals its challenges and benefits 

in terms of land administration. It also reveals that utilising 

crowdsourcing in land administration is complex. However, little is 
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known about a comprehensive set of factors that could impact the use 

of crowdsourcing in land administration and the ways in which 

crowdsourcing can be implemented in land administration. Arguably, 

identifying these factors is a significant step that must be taken in 

deciding when and in what circumstances crowdsourcing can be used 

in land administration and what considerations must be made 

concerning the implementation of crowdsourcing in land 

administration. 

Fourth 

Research 

Gap 

The literature review reveals that there is limited knowledge about 

the potential land and property information that can be collected by 

means of citizen efforts.  

The next chapter will describe the research design and research methodology that 

were employed in this research in order to respond to the research questions and 

achieve the research objectives. 
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CHAPTER 4 

RESEARCH DESIGN AND METHODS  

 

‘Research is to see what everybody else has seen, and to 

think what nobody else has thought.’  

 

-ALBERT SZENT-GYORGYI 
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4  Research Design and Methods  

 

4.1 Introduction 

The previous chapter reviewed the literature on crowdsourcing and VGI in land 

administration. This chapter explains the overall strategy that has been used for 

conducting and monitoring the research in order to achieve the research objectives 

and addressing the research questions presented in Chapter 1. An overview of the 

research design is given first, and the Delphi study and its components as the main 

research methodology of this thesis is justified and discussed. Subsequently, the 

chapter explains the phases undertaken in the Delphi study of this research. It also 

presents the employed research method in the context of the various phases of the 

research to collect and analyse the data. It then discusses the prototyping process 

and finally presents the methodological issues and ethical considerations 

encountered by the researcher. 

4.2  Overview of the Research Design 

The overall structure of this research is illustrated in Figure 4-1. This study began 

by reviewing the available literature in two main domains: (1) land administration 

and (2) crowdsourcing and VGI. Attention was given to where these two domains 

overlapped in order to determine the research elements (i.e. the research problem 

and research questions) discussed in Chapter 2 and 3.  

Thereafter, the research design was formulated in order to address the research 

questions outlined in Chapter 3. The term ‘research design’ refers to the overall 

strategy by which a researcher chooses to integrate the different components of 

their study in a logical and reasonable manner to ensure the research problem has 

been addressed in an appropriate way (Kenneth & Abbott, 2008). It is further 

considered as an indication of the validity of the research process (Nissen, Klein, & 

Hirschheim, 1991). Among the typical thesis research designs, one specific design 
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that is gaining increasing acceptance is the Delphi study method. The method 

involves using a panel of experts to reach a consensus in solving a problem, deciding 

the most appropriate course of action, or establishing causation where none 

previously existed.  

The findings of the Delphi study are incorporated in the development of a 

framework for the adoption of crowdsourcing in land administration, which is also 

undertaken in this study. A prototype system is then developed to evaluate the 

framework in the context of a real-world application of crowdsourcing to land and 

property data collection.  

This study provides new insights into the adoption of crowdsourcing in land 

administration by developing a framework for its use. Furthermore, it presents a 

prototype system that can be used in real-world land and property data collection 

through crowdsourcing. In addition, this study offers some important insights into 

the most appropriate term for and definition of crowdsourcing in the collection of 

land and property information. It also presents a potential list of types of land and 

property information that can be collected using this approach based on the 

consensus of the international experts in land administration and crowdsourcing. 
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Figure 4-1: Overall Research Design of This Thesis 
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4.3 The Delphi Study: Justification 

Following the literature review process, Chapter 2 and 3, and the determination of 

the research elements in Chapters 1, this research chose the Delphi study as the 

main research methodology for this research. The Delphi study is a research 

methodology that employs a group communication process, which aims to achieve 

a convergence of experts’ views about a specific field of research (Hsu & Brian A, 

2007; Okoli & Pawlowski, 2004; Van Dijk, 1990). 

The Delphi study is a popular methodology in many disciplines for identifying issues 

and developing a set of indicators, especially in new research areas and exploratory 

studies (Okoli & Pawlowski, 2004; Rowe & Wright, 1999). As noted by Okoli and 

Pawlowski (2004), ‘[the] Delphi study can be of value in the initial stages of theory 

development helping researchers to identify the variables of interest and generate 

propositions’. Therefore, this method is appropriate for addressing the research 

questions of this thesis because research on the topic of crowdsourcing in land 

administration is in its early stages, and theoretical models and framework are 

barely available. Furthermore, this thesis aims to develop a new framework for the 

adoption of crowdsourcing in land administration and many researchers have 

applied the Delphi study in developing new concepts and frameworks (Brooks, 

1979; Hsu & Brian A, 2007; Okoli & Pawlowski, 2004; Van Dijk, 1990).  

The Delphi study falls under the general category of consensus development 

techniques. It works by reaching a consensus on the arguments, ideas, and opinions 

concerning a specific issue through a series of questionnaires. The Delphi study is 

highly recommended in areas in which there is little prior research, particularly 

when there is limited evidence or when the existing evidence is contradictory on the 

specific topic of interest (Hejblum et al., 2008). Therefore, the Delphi study is 

favourable for answering the research questions of this thesis as there is limited 

literature on the use of crowdsourcing in land administration and the expert ideas 

vary and are sometimes contradictory. For example, Navratil and Frank (2013) 

argued that crowdsourcing is not applicable to land administration, while Basiouka 

and Potsiou (2012) reported the successful adoption of crowdsourcing in a case 

study in Greece. Furthermore, the Delphi study is useful for exploring assumptions 
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or information leading to different judgments (Hsu & Brian A, 2007). These 

characteristics of the Delphi study will assist the researcher in addressing the 

research questions of this study. 

The Delphi study is also considered an action research methodology, a way of 

putting the skills and knowledge of a group of experts to work in support of a social 

change while expanding the current knowledge within a particular field (Brydon-

Miller, 1997; Vernon, 2009). Furthermore, there is clear value in pooling the 

experiences of experts in a field to establish a consensus on the controversial topic 

in order to address the research questions of this study and to allow the 

development of a new framework for the adoption of crowdsourcing in land 

administration. The Delphi study is an acknowledged research method when expert 

opinion is the most suitable source of information and when benefit could be 

achieved in collective individual opinion (Van Dijk, 1990).  

In addition, the Delphi study does not require the experts to meet each other 

physically. Therefore, international and national experts can contribute to the study. 

This could be beneficial for this study. Therefore, the Delphi study was selected as 

the main research methodology for this research. 

4.4 The Delphi Study: Background 

The Delphi study began to be used in the 1950s by the Rand Corporation under a US 

government contract to forecast the impact of technology on warfare (Fischer, 

1978). Since its initiation, the Delphi study has been adopted in several disciplines 

and applications concerning large-scale complex problems plagued with 

uncertainty and in situations in which causation cannot be established, such as 

healthcare (Brender, Ammenwerth, Nykänen, & Talmon, 2006; De Villiers, De 

Villiers, & Kent, 2005); social science (Strauss & Zeigler, 1975); education (Clayton, 

1997); engineering and technology (Rossouw, Hacker, & de Vries, 2011; Schmidt, 

Lyytinen, Keil, & Cule, 2001); and government, environment, and business (Czinkota 

& Ronkainen, 1997). 
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4.5 Delphi Study: Components 

The Delphi study consists of the following key components (Figure 4-2): firstly, a 

facilitator(s) and planner(s) to design, run, and monitor the study; secondly, a panel 

of experts to provide the desired information or data; thirdly, the anonymity of the 

panel members during the study; fourthly, several iterative rounds of 

questionnaires accompanied by control feedback reports that summarise the 

panellists’ responses; and fifthly, a systematic approach to produce a consensus. 

Beyond these components, the Delphi study can take a variety of forms according to 

the number of panellists, the composition and selection thereof, the design of the 

questionnaires, the number of rounds, the form of control feedback reports, and the 

method of reaching a consensus. 

 

Figure 4-2: Delphi Study Methodology  



73 

 

The following subsections explain the Delphi study components. 

4.5.1 Facilitators and Planners 

The Delphi study requires planners and facilitators to perform the study. Typically, 

the research team initially acts as the planner and then later as a facilitator. In the 

planning phase, the researchers undertake a series of fundamental tasks, such as 

identifying the topic of the study (research problem and research questions), 

shaping the Delphi panel by inviting the most qualified experts in the field, 

establishing the method for achieving and reporting on the consensus, and the 

procedures for communication with the panel members.  

After having planned the Delphi study, the researchers then act as facilitators in 

order to develop several rounds of questionnaires, analyse the responses to the 

questionnaire received from the panellists, and prepare the control feedback report 

for each round until the end of the study. Furthermore, the facilitators are 

responsible for the back-and-forth communication between the researcher and 

panel members (Avella, 2016). It is widely acknowledged that the Delphi study is a 

labour-intensive process. It requires a considerable amount of time for its planning, 

implementation, and management (Gordon & Helmer, 1964; Hasson et al., 2000). 

4.5.2 The Delphi Panel 

The panel selection process is the most critical step in any Delphi study (Avella, 

2016; Linstone & Turoff, 2002). Panel members are the main source of information 

for the Delphi study, and the breadth and depth of their knowledge determine the 

quality of the study results (Day & Bobeva, 2005). Therefore, by selecting the most 

qualified panel members, it is likely that the study will produce high-quality 

outcomes (Bramwell & Hykawy, 1999), and there is a high chance that the outcomes 

of the study will be accepted by academics, government agencies, and practitioners. 

It is crucial to note that the panel members should be the same for the duration of 

the study, and their opinions should be weighted equally (Brooks, 1979; Hasson et 

al., 2000). 
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In addition, the Delphi study enables a geographically distributed panel of experts 

to participate in the study in an operative fashion without the need for an actual 

meeting (Avella, 2016; Somerville, 2008). This is only possible because the Delphi 

study does not take a face-to-face communication approach (Mullen, 2003). 

Consequently, it reduces the cost of bringing experts together (Mullen, 2003). 

4.5.3 The Delphi Iterations 

The term ‘Delphi iterations’ refers to the series of rounds of the Delphi study, as 

illustrated in Figure 4-2. Each round of the study starts with the questionnaire being 

sent to the panellists. The panellists then answer the questionnaire and return it to 

the facilitator. The facilitator starts the process of data analysis and prepares a 

control feedback report, a summation of the comments made by each panellist. 

Thereafter, the facilitator designs the subsequent round of questionnaires based on 

the panellists’ responses in the former round. This process continues based on the 

facilitator’s decisions. In addition, the use of the iterative process does not require 

the panellists to be available at a specific time slot in order to interact with other 

panel members; instead, they have a relatively long period of time to respond to 

each round of questionnaires. 

Iteration is a fundamental component of the Delphi study. The literature on this 

topic has shown that the actual number of iterations (also called rounds) can vary 

quite substantially from as few as two to as many as ten (Hsu and Sandford, 2007). 

The number of rounds mostly depends on the information that has been gathered in 

the previous round as well as the nature of the research questions (Hasson et al., 

2000; Mullen, 2003; Okoli & Pawlowski, 2004). However, it is important to note that 

among the available Delphi studies, the number of rounds rarely exceeds three. This 

is mainly because the number of panellists decreases significantly in line with the 

increasing number of rounds (Rowe & Wright, 1999). Furthermore, most such 

studies have reported that three rounds are often sufficient to collect the required 

information and to reach the consensus in most cases (Brooks, 1979; Custer, 

Scarcella, & Stewart, 1999).  
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Regardless of the number of rounds, the Delphi study simultaneously executes the 

data collection and evaluation processes as one, which occurs in two main phases: 

the exploratory phase and the evaluation phase (Finley, 2012; Fischer, 1978; Hasson 

et al., 2000; Hsu & Brian A, 2007).  

4.5.3.1 The Exploratory Phase 

The Delphi study starts with the exploratory phase. This initial phase must be clearly 

focused on collecting panellists’ opinions and perspectives pertaining to the 

research objectives of the study and on generating ideas, opinions, and perspectives 

(Gibson and Miller, 1990). Many types of questionnaire are employed in this phase. 

For example, Gordon and Helmer (1964) used a blank questionnaire for this round 

in an attempt to generate a wide range of ideas and encouraging freethinking. In 

contrast, the initial round of the study conducted by Brender et al. (2006) comprised 

a highly structured questionnaire in an attempt to gain focused comments from the 

panel members. Generally, a semi-structured questionnaire is the most favourable 

questionnaire for initiating a Delphi study in many cases (Facione, 1990; Horan, 

2010; Pikora et al., 2003). The semi-structured approach provides a balance 

between receiving focused comments and encouraging freethinking and generating 

new ideas.  

The findings from this phase influence the final results of the research and define 

the focus and structure of the study in the following rounds. In the following rounds, 

the panellists will work toward consensus resolution with reference to the findings 

of this phase. They also have the opportunity to evaluate the findings and express 

their views on the ideas generated in the initial round (Lang, 2003; Story et al., 

2001).  

4.5.3.2 The Evaluation Phase 

The later rounds of a Delphi study come together to form the evaluation phase 

(TECLA, 2003). The shape and structure of these rounds are defined by the findings 

of the initial rounds. In this phase, the panellists have the opportunity to evaluate 

the findings of the initial round by expressing their views about all the items 
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generated in the first round. In addition, they can revise, reassess, or refine their 

own opinions or ideas with reference to the consolidated results of the 

questionnaires from other panellists (Lummus et al., 2005). Throughout this 

process, all panel members are able to review and evaluate their own responses as 

well as the other panellists’ responses. This process serves as a self-validating 

mechanism for the Delphi study (Xia et al., 2012). For example, if there are ten 

experts in the Delphi panel, all the collected responses from each expert will be 

reviewed by all ten experts. 

4.5.4 Consensus 

The overall aim of any Delphi study is to reach a consensus on a subject matter. 

Several consensus measures have been used to define the consensus measure across 

different Delphi studies. Gracht (2012) identified 15 types of such a measure by 

reviewing the Delphi studies conducted over the past 60 years. Some Delphi studies 

have used subjective criteria or descriptive statistics for the determination of a 

consensus. For example, a consensus is achieved when 80% of the panellists’ votes 

fall within the top two categories on a five-point Likert scale (Putnam, Spiegel, & 

Bruininks, 1995). Others use the major statistics of central tendency (means, 

median, and mode) and level of dispersion (standard deviation and interquartile 

range) as consensus measures. They also use these measures to present information 

concerning the collective opinions of the panellists (Hasson et al., 2000). Generally, 

in studies based on Likert scales, the use of the median is highly favourable for 

providing feedback to the panellists (Gracht & von der Gracht, 2012; Linstone & 

Turoff, 2002; Rowe & Wright, 1999; Schmidt, 1997). What is immediately evident 

from this diversity is that there is no agreement concerning the ideal consensus 

measure for a Delphi study and each researcher selects a measure according to the 

nature of their study (Gracht & von der Gracht, 2012).  

4.5.5 Anonymity 

Anonymity is another characteristic that adds value to any Delphi study. The 

panellists remain anonymous during the study in order to avoid unnecessary 

influence arising from any given expert's professional status and the desire by some 
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panellists to come to a consensus with the ideas or arguments of highly respected 

individuals (Fischer, 1978). Anonymity is crucial for protecting freedom of 

expression, and it encourages the panellists to state their opinions without fear of 

any consequences. Anonymity also eliminates personal influence and external 

power relations, which may interfere with a group discussion. Again, this is vital for 

the protection of freedom of expression. In order to maintain the anonymity of the 

panellists, each round of the study will be initiated by the facilitators and all 

responses will be collected by them.  

4.5.6 Control Feedback Report 

The facilitators of the Delphi study are responsible for collecting the panellists’ 

inputs (Rowe & Wright, 1999). After structuring and analysing the collected 

responses, they create a report to clarify the information generated in the prior 

round, known as the control feedback report. A control feedback report is 

essentially an overview formed of the consolidated and analysed responses received 

in the previous round (Mullen, 2003). This report is then distributed to the panellists 

with the next round of the questionnaire. The structure and format of this report 

may vary according to the nature of each study. However, the findings from each 

round should be presented in a logical and well-organised manner in order to 

provide an opportunity to generate additional insights.  

4.6 Methodology of this Research  

The Delphi study methodology is flexible. This section explains how the Delphi study 

is used in this research. It has three main phases: the foundation phase, the 

exploratory phase, and the evaluation phase as discussed below. Thereafter, to 

demonstrate the feasibility of the findings, a prototype system is developed.  

4.6.1 Foundation Phase 

This phase forms the starting point for the Delphi iterations. As illustrated in Figure 

3-2, this phase starts with a comprehensive literature review in order to identify the 
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research elements (research problem, aim, objectives, and questions) and provide 

the Delphi study documents to start the iterative process.  

 

Figure 4-3: The Foundation Phase 

4.6.1.1 Literature Review  

A literature review aims to identify, organise, and critically synthesise the current 

literature related to a particular field of interest. Furthermore, it justifies the 

identification of research questions (Rowley and Slack, 2004). The literature review 

for this study was conducted first by mapping the available resources on the topic 

and the effective evaluation of these documents in relation to the topic area (Hart, 

1999). A range of resources should be included in a literature review, including 

books, scientific studies, conference proceedings, press releases, articles, case 

studies, research projects, theses, government documents, and other sources 

relevant to the topic area. 

While investigating the existing literature, a systematic technique for qualitative 

data analysis, the ‘concept matrix’, was employed (Järvinen, 2008; Klopper, Lubbe, 

& Rugbeer, 2007; Torraco, 2005; Webster & Watson, 2009). The concept matrix can 

facilitate the process of identifying, organising, integrating, and categorising the 

concepts that have been used or discussed in prior studies. To develop the concept 

matrix, the references were listed in the left-hand column of the matrix, while the 

title of each column represents the concepts identified in the literature. Whenever a 
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new concept was identified, another column was added to the matrix. In this 

research, the discussed concepts in prior studies were recorded in the concept 

matrix, which then enabled all studies to be comparatively analysed. This technique 

is generally useful and effective for recognising and identifying the underlying ideas 

and concepts in previous research (Rubin & Rubin, 2011).  

The research elements of this thesis were thereby identified. Table 3-1 shows the 

five research questions identified that were for initiating the Delphi iteration. These 

research questions set the scene for the next step of this research. However, the 

Delphi panel was selected before starting the Delphi iteration, and the ethics 

approval was received from the engineering Human Ethics Advisory Group in the 

University of Melbourne (Appendix 1). 

It is important to note that to start this research, the term VGI was chosen to refer a 

phenomenon by which people voluntarily collect, organise, and disseminate 

geographic information and data in such a manner that the information can be used 

by others. VGI is sometimes labelled as user-generated content, neo-geography 

(Elwood, 2008), or geo-crowdsourcing. While initially these terms seem 

synonymous, there are slight differences between them. To start this study, the term 

VGI was selected because it explicitly emphasises the voluntary role of the 

contributors as well as spatial data collection. However, it is important to emphasise 

that finding the appropriate term for this process in the context of land 

administration and its definition was part of this study, and the most appropriate 

term and its definition will be discussed in Chapter 5. 

Table 4-1: Research Questions for Starting the Delphi Iteration Process 

Question 1 

Please provide your comments on whether you think that the 

definition of VGI provided for this study is appropriate or if it could be 

expanded upon or improved? 

Question 2 
Could you write down other terms that could have the same definition 

as VGI from your point of view? 
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Question 3 

What are the different criteria or characteristics that must be borne 

in mind when selecting a method for collecting land and property 

information? 

Question 4 

What are the factors that could affect the use of VGI as an approach 

for collecting land and property RRRs? In what circumstances is VGI 

an alternative solution in terms of data collection in the land 

administration context? 

Question 5 
What types of data, particularly land and property information, could 

potentially be collected by the crowd? 

To refine and review the abovementioned documents (e.g. the first-round 

questionnaire and the research background for the panel members), the pilot 

project commenced prior to starting the Delphi iterations in February 2015 at the 

Centre for Spatial Data Infrastructure and Land Administration (CSDILA). As a result 

of the pilot study, the first-round questionnaire and the other documents required 

for ethics approval application were revised and updated.  

4.6.1.2 Panel Selection Process 

The potential experts for this research were identified in line with the guidelines of 

Delbecq et al. (1975). These guidelines described a rigorous procedure whose 

purpose was to ensure the identification of relevant experts and give them the 

opportunity to participate in the study. The panel selection process consists of the 

following steps. 

4.6.1.2.1 The Number of the Panel Members 

The average number of panel members in a Delphi study is typically between 8 to 

18 (Cavalli-Sforza et al., 1984; Delbecq et al., 1975; Okoli & Pawlowski, 2004). The 

literature review has suggested that panel sizes that are larger than 30 participants 

rarely uncover any additional new ideas (Czinkota & Ronkainen, 1997). It was 

discussed in many studies that the Delphi study does not depend on a statistical 

sample that represents any population, and randomly selecting the panel member 
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is not an option for this type of study (Boje & Murnighan, 1982; Linstone & Turoff, 

2002; Stewart, 1999). The Delphi panel should be selected based on their knowledge 

and expertise (Fischer, 1978; Mullen, 2003; Rowe & Wright, 1999). 

The impact of the number of panellists in the outcome of Delphi study has been 

considered in many studies. For example, Brockhoff (1975) used groups of 5, 7, 9, 

and 11, and Boje and Murnighan (1982) used groups of 3, 7, and 11 experts to solve 

the same problem. Neither of these studies found a consistent relationship between 

the panel size and effectiveness criteria. In contrast, the results of a study conducted 

by Dalkey (1972) showed that the reliability of the results improves with an increase 

in the number of panel members. However, this increase does not have a linear 

trend, and adding more than 20 experts does not significantly reduce the margin of 

error.  

As Story et al. (2001) found, the number of panellists required in a Delphi study 

highly depends on how many experts are required to deliver a representative 

collection of knowledge. In other words, panel structure is more important than 

panel size (Czinkota and Ronkainen, 1997).  

To sum up, in a Delphi study, the sample size is less of an issue than the range and 

quality of experts. Panellists should be selected based on their knowledge and 

expertise. Therefore, the panellists must have a high level of expertise in order to be 

able to contribute fully to the process.  

It is important to note that in the case of this thesis, there is a relatively limited 

number of experts with knowledge of VGI and crowdsourcing in the context of land 

administration. However, as discussed above, the quality of the experts is the most 

important factor. Therefore, this study aimed to appoint between 15 and 25 panel 

members to shape the Delphi panel. 

4.6.1.2.2 Panel Structure  

The structure of the panel depends on the nature of the research questions. A well-

selected panel of experts should have the ability to identify a broad number and 

range of ideas and perspectives concerning a specific area of interest (Saizarbitoria, 

2006). In the case of this research, four relevant categories of experts have essential 
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and valuable knowledge about land administration, crowdsourcing, and VGI. Firstly, 

the researcher sought academics who are highly qualified and well respected in the 

VGI, crowdsourcing, and land administration fields, with evidence of their academic 

record. Secondly, government practitioners involved in high-level land 

administration agencies or organisations (e.g. a surveyor general or the head of an 

organisation) were sought. Thirdly, industrial practitioners involved in the process 

of land and property data collection were considered to be desirable. Fourthly, Non-

Governmental Organisations (NGOs) or individuals involved in any type of 

crowdsourcing or VGI projects, such as OpenStreetMap and WikiMapia, were 

sought. This structure ensured a sufficient range of perspectives for this study, as 

these categories of experts might have different perspectives on the subject of this 

research, which is important for any Delphi study. 

In the case of this study, an ‘expert’ is defined as a person belonging to the 

community of people who currently dedicate themselves to land administration, 

crowdsourcing, and VGI. Furthermore, they should be recognised outside of their 

organisation as having a strong grasp of trends or other aspects of crowdsourcing 

and VGI in land administration. In other words, the experts should have extensive 

knowledge and expertise in the field of land administration, crowdsourcing, and VGI.  

4.6.1.2.3 Identifying the Experts 

Therefore, the following procedure was used to populate the categories with actual 

names of potential experts for this research. Each category (academics, government 

practitioners, industrial practitioners, and NGOs or individuals with expertise in VGI 

and crowdsourcing) represents a different lens for identifying and considering 

experts, and it is expected that there will be a high degree of overlap of the experts 

between these categories. However, this multiple-lens perspective is necessary to 

identify as many experts as possible. For each category, the researcher first 

reviewed the list of contacts found in the literature review phase. Each category was 

then populated with the names of the experts in that field according to the Centre 

for Spatial Data Infrastructures and Land Administration (CSDILA) contact list. 

Additionally, other national and international contact lists were used for identifying 

the potential experts in each category, such as FIG, the Surveying and Spatial 
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Sciences Institute (SSSI), European Cooperation in Science and Technology (COST), 

OpenStreetMap, and WikiMapia. Furthermore, the snowball approach was 

employed for identifying other potential experts in the field. The identified experts 

were contacted and asked whether they know anybody with expertise in this 

research topic who could be of assistance. The introduced experts were included in 

the experts list.  

4.6.1.2.4 Inviting Experts 

The process of inviting the experts commenced after ethics approval had been 

granted from the University of Melbourne Research Ethics Board. The identified 

experts were sent an invitation letter (Appendix 1) by email. The potential panel 

members were provided with clear instructions concerning what would be expected 

from them in the study if they chose to participate. A brief description of the Delphi 

study was given. The subject of the study and the procedures required for it were 

explained, including the level of commitment required. The letter also explained that 

they were recognised as international experts on crowdsourcing and VGI in land 

administration. Furthermore, the nominated experts were asked to nominate others 

for inclusion on the invite list. It is important to note that the first round of the 

questionnaire, a plain language statement (Appendix 1), and a consent form 

(Appendix 1) were sent with the invitation email. For the study, the researcher 

asked the panellists to commit to completing up to three rounds of online 

questionnaires and returning them within the set due date. The panellists were 

informed that a hard copy of the questionnaires could be sent to them at their 

request.  

4.6.1.3 Delphi Panel Member Profiles 

The design of the multi-staged process ensured the identification and invitation of 

the most qualified experts available. There are several incentives that may lead 

experts to participate in a Delphi study where they might decline to participate in 

other studies: being chosen as a member of a diverse but selective group; the 

opportunity to learn from the consensus building process; and increasing their own 
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visibility in their organisation and outside. These incentives are sufficiently strong 

to attract busy experts. 

Twenty-one international experts joined the Delphi panel of this study. In 

comparison to the vast majority of Delphi studies found in the literature, a panel of 

21 can be considered as very healthy indeed (Nehiley, 2001; Wicklein and Rojewski, 

1999). The Delphi panel members are listed in Appendix 2.  

38% of the panellists were academics, 29% were practitioners, and 33% were 

representatives of government organisations, as illustrated in Figure 4-4. 

Furthermore, around 30% of our panellists were involved in a data collection 

project with crowdsourcing or VGI. In addition, the Delphi panel was asked to list 

the names of countries about which they had a comprehensive understanding of 

their land administration systems. Their answers showed they were familiar with 

land administration systems in about 60 countries across 6 continents. 56% of these 

countries are classified as developed countries and 44% as developing countries, 

based on the United Nations Development Program (UNDP) classification. This 

evidences that a comprehensive range of thoughts, opinions, and perspectives were 

collected pertaining to the research objectives. In addition, such broad participation 

can also improve the likelihood that the outcomes of this research will be accepted 

by academics, governments, and practitioners.  

 

Figure 4-4: Breakdown of Delphi Panel Members 
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The next section explains the next phase of the study known as the exploratory 

phase. 

4.6.2 Exploratory Phase  

As discussed in Section 4.5.3, the Delphi iterations commenced with an exploratory 

phase, as illustrated in Figure 4-5. In this phase, the first questionnaire, comprising 

five open-ended questions corresponding to the five research questions of this 

study, was sent to the panellists (Appendix 3). This questionnaire aimed to 

encourage freethinking and generating new ideas in order to identify the items 

related to each research question, as detailed below.  

The objective of the first question was to generate and include as many thoughts on 

the definition of a VGI as possible. The objective of the second question was to 

generate and include as many terms as possible that can be used to refer to this 

phenomenon in land administration from the panellists’ point of view. The objective 

of the third question was to generate the criteria, characteristics, or parameters that 

could affect the choice of a data collection method in land administration. The 

objective of the fourth question was to encourage the panellists to identify a list of 

factors that could influence the use of VGI in land administration and to determine 

when VGI could be an alternative or complementary method in land administration. 

The objective of the fifth question was to determine a preliminary list of potential 

land and property information types that could be collected by people. 

The participants were given a month to complete Round 1, with email reminders 

sent out twice during this period and offers to extend the period of anyone requiring 

more time. The panellists’ responses in Round 1 with respect to the provided 

questions were gathered and analysed by means of qualitative analysis, which will 

be detailed in the next chapter. The results of this analysis were summarised in the 

form of a control feedback report, as documented in Appendix 3. Furthermore, 

Round2’s questionnaire was designed according to the results of the Round 1 

questionnaire (Appendix 4). These documents were then used in the next phase of 

the study as inputs. 
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In addition, in this phase, two preliminary frameworks were designed by logical 

integration and connection of the identified items as well as synthesis of the 

knowledge acquired during this phase. The first framework that was designed 

primarily illustrated the parameters that should be considered in the choice of a data 

collection method in land administration. The second designed framework mainly 

illustrated when and in what circumstances crowdsourcing can be used and what 

aspects should be considered in applying this approach to land and property data 

collection.  

 

 

Figure 4-5: Steps Taken in the Exploratory Phase  

4.6.3 Evaluation Phase 

The elevation phase of the study began with Round 2 of the Delphi study, as 

illustrated in Figure 4-6. The second round involved verification and aimed to reach 

a consensus among the panellists with respect to the identified items in the first 

round of study. The second round of the questionnaire and the control feedback 

report were distributed to the panel members. This questionnaire was more specific 

than the questionnaire used in the first round, and its aim was to progressively 



87 

 

clarify, expand on, and prioritise a portfolio of criteria and dimensions with respect 

to the panellists’ responses to each question.  

Furthermore, this questionnaire had a self-validating purpose. In this round, the 

panellists saw their own ideas alongside those of others. Therefore, they had the 

opportunity to revise their opinions or add any additional items and comments that 

they deemed appropriate. In addition, in this round, each panellist was able to 

evaluate the other panellists’ ideas by expressing their views through the five-point 

Likert scale, starting from ‘strongly disagree’ to ‘strongly agree’, with respect to all 

the items generated in Round 1. The following example demonstrates this process. 

Assume that each panellist suggested a list of parameters that could affect the choice 

of a data collection method in Round 1. All suggested items were aggregated to make 

a comprehensive list of parameters that included and more importantly represented 

all panellists’ points of view. This list was sent to all panel members, and they saw 

the items that they suggested as well as those of others. In this round, they 

underwent the self-validating process for their own items as well as evaluating the 

other suggestions. Therefore, all items generated in the first round were evaluated 

by all panel members in the second round. It is important to note that in Round 1, a 

particular panel member might have suggested a limited number of parameters, but 

in Round 2, they might have agreed with many of them. 

The second round of the questionnaire was formed as five sections according to the 

five sets of questions in the first round, as illustrated in Figure 4-6. Section 1 was 

devoted to determining the scope and definition of VGI in land administration. 

Section 2 was dedicated to the investigation of a term meaning ‘VGI in land 

administration’. Section 3 investigated the characteristics of and criteria for 

selecting a data capture methodology in land administration. Section 4 investigated 

a set of factors that could affect the use of VGI in land administration. Section 5 

considered the potential land and property information that might be collected 

through VGI. 

The panellists’ responses in the second round were collected and analysed. The 

results of this round set the scene for the next round of the Delphi study in the form 

of a new questionnaire and a control feedback report of Round 2. Furthermore, the 



88 

 

developed frameworks in the exploratory phase were modified according to the 

results of this round. 

The third-round documents were sent out to the panellists to determine the degree 

of importance of each item through the weighting process. Therefore, the panellists 

were asked to weight the importance of each item or determine their preferences. 

This round consisted of five sections, similar to Round 2. According to the nature of 

each section and the desired outcome, different weighting methods were employed. 

The information collected in this round was analysed, and the consensus view of the 

experts were achieved by the end of this round. These findings were integrated to 

compile a framework for the adoption of crowdsourcing in land administration. The 

details of the process of framework development are explained in Chapter 6. 
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Figure 4-6: Steps Undertaken in the Evaluation Phase 

4.6.4 Implementation Phase 

Subsequently, a prototype system was developed in order to collect land and 

property information in a real-life situation. Although the Delphi study does not 

require demonstration of its results in the form of a prototype, the prototype system, 

called MyLand, was implemented to evaluate the developed framework and  
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demonstrate how crowdsourcing could be used in terms of land and property data 

collection in real-life situations (Figure 4-7).  

The prototype system is a mobile application for the collection of land and property 

information through crowdsourcing in real-world application and a cloud-based 

server application for monitoring, editing, and managing the entered data. The 

process of developing the prototype system are explained in Chapter 7. After 

developing the prototype system, the pilot study was conducted for collecting land 

and property information by means of voluntary citizen efforts in Melbourne, 

Australia. Then, the collected data were compared with authoritative sources. The 

lessons learned throughout this process with reference to the framework were 

discussed in Chapter 7. 

 

 

Figure 4-7: Implementation Phase 

The next section will present the data collection methods employed in this thesis.  

4.7 Data Collection Methods 

Selecting a data collection method depends on the type of question that needs to be 

answered. Data collection is the process of gathering data on the topic of interest in 

order to answer relevant questions. Data collection constitutes a key part of any 

research project. Data can be gathered from a range of resources, including expert 

knowledge, sensors in the environment (traffic cameras, satellites, recording 

devices, etc.), downloads from online sources, or reading documentation. 

Consequently, a variety of methods can be used in order to collect data such as 

interviews, questionnaires, and surveys, observations, focus groups, case studies, 
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and document reviews (Berg, Lune, & Lune, 2004). While methods vary, the goal of 

all data collection methods is to capture quality evidence that allows for analysis and 

leads to the formulation of convincing and credible answers to the questions that 

have been posed. According to the selected methodology of this research, the 

following data collection methods have been employed. 

4.7.1 Document Review  

Document review involves examining existing data in the form of textual 

information, such as scientific publications, databases, online documents and 

applications, organisational reports, meeting minutes, governmental publications, 

newspapers and professional magazines, personal communication with experts in 

the field, and social media streams. This can be an effective method of gathering 

information and provides a foundation for any research. Depending on the nature of 

the research questions, the researcher can utilise a range of techniques, including 

content analysis and matrix analysis (Berg et al., 2004; Dey, 2003). By using these 

techniques, the data can be sourced in a shorter period than using other methods of 

data collection. This data collection method was adopted mainly in the foundation 

phase.  

4.7.2 Questionnaires  

Questionnaires are a good method of collecting perception data from people (e.g. 

experts, customers, and stakeholders) and are particularly useful for gathering a 

large amount of data and providing a broad perspective on a topic. Several types of 

questions can be asked in a questionnaire, such as open-ended questions, closed 

questions, scale questions, and multiple-choice questions. A questionnaire can be 

distributed and administrated electronically, by mail, by telephone, or face-to-face 

(Berg et al., 2004).  

As discussed above, experts were the main source of information for this study, and 

they are geographically dispersed. Therefore, in this study, the online questionnaire 

method was employed to collect the desired information from the experts. It is 

important to mention that different types of questions were used in each round of 
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the study, as illustrated in Figure 4-8. The first-round questionnaire employed open-

ended questions in order to generate items with respect to the provided questions. 

This questionnaire is documented in Appendix 3. The second round of the study was 

more structured. It employed scaled questions to collect the panellists’ agreement 

with respect to the items generated in the first round. However, it also included 

some open-ended questions seeking further comments and ideas from the 

panellists. Appendix 4 illustrates the second round of the study. The third round of 

the study used many types of questions to facilitate the process of weighting items, 

including scale questions, multiple-choice questions, and closed questions, as 

illustrated in Appendix 5. 

 

Figure 4-8: Data Collection and Analysis Methods in Each Step of the Research 

The next section will present the data analysis methods used in this thesis.  

4.8 Data Analysis Methods 

Data analysis is the process of obtaining raw data and converting it into 

communicable, manageable, and useful pieces of information for suggesting a 

conclusion and providing an explanation on a subject that is under investigation. 

Data analysis is an important part of any research process because researchers 

cannot come to any meaningful conclusions without preparing, interpreting, and 

analysing the raw data. Data analysis is multifaceted, encompassing diverse 
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techniques under a variety of names. However, they can be categorised according to 

two main methodologies: qualitative and quantitative.  

The data required for this study was gathered through the data collection methods 

discussed in the previous section. It was necessary to clean, organise, and then 

analyse the data in order to clarify the study’s findings and conclusions. According 

to the chosen data collection methods in this research, two types of data were 

produced: qualitative data (e.g. experts’ responses to the open-ended questions in 

Round 1) and quantitative data (e.g. experts’ responses in Round 2 and 3). 

Consequently, both qualitative and quantitative data analytical methods have been 

employed in this thesis, as illustrated in Figure 4-8.  

4.8.1 Qualitative Data Analysis  

Qualitative data analysis was employed in this research in order to analyse the 

collected data in the exploratory phase of the Delphi study (also called Round 1). 

The panellists’ responses to each question in Round 1 were gathered and analysed 

using qualitative content analysis.  

Qualitative data analysis endeavours to provide an explanation or interpretation 

based on the descriptive information that is available. This information can consist 

of interview transcripts, documents, blogs, surveys, pictures, videos, etc. These 

methods are used to analyse qualitative data, including text, images, sounds, and 

videos (Dey, 2003). The main methods of analysing qualitative data include content 

analysis, grounded analysis, social network analysis, and discourse analysis 

(Schmidt, Lyytinen, & Mark Keil, 2001). In this research, qualitative content analysis 

was employed to quantify the content of the textual information collected in Round 

1 of this study. The main idea behind the use of this method was to categorise the 

panellists’ responses and extract the elements or items that they stated in the form 

of textual descriptions.  

Qualitative content analysis represents a systematic and objective means of 

describing and quantifying phenomena. It is recommended when data can be 

reduced to concepts that describe the research phenomenon by creating categories, 
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concepts, a model, conceptual system, or conceptual map (Elo et al., 2014). This 

method suited the data collected in Round 1 of the Delphi study.  

The qualitative content analysis of the data collected in Round 1 began with an open-

coding process, in which the panellists’ responses to each question in Round 1 were 

explored several times. Thereafter, based on the meanings that emerged from the 

data, tentative codes were created. In other words, each item stated by the panellists 

was extracted into a sticky note. It is important to note that the research questions 

had a fundamental role in terms of what content should be analysed and what 

should be created (Elo & Kyngäs, 2007). An example of the coding process is shown 

in Figure 4-9. In this step, the Xmind software package was used in order to keep 

track of each generated code. As a result of this step, the data collected in Round 1 

was converted into several codes.  

 

Figure 4-9: An Example of the Coding Process in Round 1 

The next step, generating categories, aimed to simplify the coded data and facilitate 

the process of developing the next round’s questionnaire. In addition, the categories 

should also reflect the panellists’ thoughts in a reliable manner. In this step, the 

relationships between the generated codes were identified and the codes were 

classified as ‘belonging’ to a particular category. This implies a comparison between 

codes and other codes that do not belong to the same categories. To label categories, 

a general description for each category was formulated by content-characteristic 
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words in the abstraction phase. Figure 4-10 shows an example of how the categories 

were generated in this study. 

 

Figure 4-10: Generating Categories in Round 1 

To promote the validity of the extracted information from the panellists’ responses, 

two approaches were employed. First, another researcher undertook the process 

once more and the results of the coding, categorisation, and abstraction in each 

phase were cross-checked. Secondly, the information generated in Round 1 was 

documented in the form of ‘Round 1: Control Feedback Report’. This report was sent 

to the Delphi panel members with the next round’s questionnaire. This provided the 

opportunity for the panellists to review the extracted information and express their 

views according to the generated items.  

4.8.2 Quantitative Data Analysis 

Quantitative data analysis was employed in this research in order to analyse the 

data collected in the evaluation phase of the Delphi study (Rounds 2 and 3). 

However, a small amount of qualitative analysis was involved in this phase. The data 

collected from structured questionnaires is typically expressed in terms of 

quantitative data, such as numerical values, which are well suited to quantitative 

data analytical methods (Creswell, 2013). Furthermore, quantitative data analysis 

is helpful in the evaluation phase because it provides quantifiable results that are 

easy to understand.  
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Quantitative data can be analysed in a variety of different ways, which should be 

adopted based on the nature of research. Round 2 of this study aimed to reach a 

consensus with respect to the items generated in Round 1. Therefore, the structured 

questions based on the Likert scale were used, as illustrated in Figure 4-11. The 

panellists expressed their level of agreement on any item (or statement) according 

to this type of questions, with five ordered response levels. Likert-scale questions 

are able to measure either positive or negative responses to an item or statement.  

For example, the panellists’ views on the definition of VGI in land administration 

were collected in Section 1 of Round 1. The comments provided were extracted 

using qualitative content analysis, as explained above. Round 2’s questionnaire was 

developed based on these extracted items and aimed to collect the panellists’ views 

about the items generated in Round 1 through the next round of questionnaire. 

Figure 4-11 shows an example of the Likert scale questions used in Round 2. 

Appendix 4 presents Round 2’s questionnaire.  

 

Figure 4-11: Sample of Questions in Round 2 Based on a Likert Scale 

In order to analyse the collected data in Round 2, the following statistical analysis 

was undertaken. 

4.8.2.1 Frequency Distribution 

The most fundamental method of organising and summarising data collected using 

a Likert scale is to construct a frequency distribution (Vagias, 2006). A frequency 
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distribution displays the different opinions with respect to a specific term and the 

frequency associated with each opinion. Once all the data from Round 2’s 

questionnaires had been collected, frequencies should be run on the entire dataset. 

This provides an output on the percentage of the overall response to each statement. 

For example, Table 4-2 shows one of the frequency distribution tables produced 

based on the data collected in Round 2.  

Table 4-2: An example of frequency distribution of collected data in Round 2 

Who are the contributors? 
Strongly 
disagree 

Disagree 
Neither 

agree nor 
disagree 

Agree 
Strongly 

agree 

People 1 0 1 7 10 

Ordinary people 3 4 5 6 1 

Citizens 0 4 2 6 7 

Ordinary citizens 2 6 5 4 2 

People who may or, more 
likely, may not be familiar 
with geographic 
information collection 

4 4 4 3 4 

Figure 4-12 presents the percentage frequency distribution of the panellists’ beliefs 

regarding the abovementioned questions. For example, the panellists expressed 

their thoughts on including the parameter of ‘People’ in the ‘Strongly agree’, ‘Agree’, 

‘Neither agree nor disagree’ and ‘Strongly disagree’ categories, with the associated 

percentage frequencies of 53%, 37%, 5%, and 5% respectively.  

 

Figure 4-12: Percentage Distribution of the Panellist’ Beliefs 
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4.8.2.2 Statistical Measures 

The main statistical measures used in the Delphi study are measures of central 

tendency (mean, median, and mode) and level of dispersion. These measures were 

employed to present information concerning the collective judgment of the 

responses and making a decision about the consensus. The consensus is a function 

of the shared panel belief on an issue.  

Because the data is not continuous in studies based on the Likert scale, it is strongly 

advised to use the median to provide feedback to the panellists (Linstone & Turoff, 

2002). The median is the middle value of the sorted data in ascending order from, 

so it separates the higher half of a dataset from the lower part. For example, in this 

study, if the median of the panellists’ beliefs on a particular item is ‘Agree’, this 

indicates that at least half of the panellists ‘Agree’ or ‘Strongly agree’ with that item. 

This indicator would facilitate the understanding of panellists’ consensus on each 

item.  

 

In addition, the strength of consensus (sCns) was calculated for each item to a focal 

point of ‘Strongly agree’, as explained in Tastle and Tastle (2005), to report the level 

of consensus among the panellists. The strength of consensus is helpful in 

representing the panellists’ beliefs with a real number between 0 and 1.  

 

where  

X is the Likert scale. 
Xi is the ith distinct value of X (e.g. ‘4’ for ‘Agree’). 
pi is the probability of the ith distinct value of X. 
dx is the width of X (5 in this case). 

 

For example, sCns is ‘1’ if all panellists presented their level of agreement in the 

‘Strongly agree’ category of the Likert scale for a particular item, and it is ‘0’ if all the 

panellists put themselves in the ‘Strongly disagree’ position.  
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The results of these analyses are presented in Chapter 5. Furthermore, they are 

documented in the form of ‘Round 2: Control Feedback Report’ for sending to the 

panellists in Round 3.  

Round 3 of this study aimed to determine the degree of importance of the items that 

achieved consensus in the prior round. In Round 3, the panellists were asked to 

weight the importance of each item or determine their preferences. According to the 

nature of each section and the desired outcomes, different analytical methods were 

employed, as discussed in the following sections. 

4.8.2.3 The Instant-Runoff Voting System 

The instant-runoff voting system, also referred to as ‘alternative voting’ or ‘the 

preferential ballot voting system’, is well known for single-winner elections 

(Marron, 2003). This voting system was used in Sections 1 and 2 of Round 3, as 

illustrated in Figure 4-13. In Round 3 Section 1, the panellists were asked to rank 

their preferences according to the options provided for inclusion in the definition in 

dimensions in which consensus was not achieved in Round 2. Therefore, the instant-

runoff voting system was utilised to analyse the collected data in this section in 

Round 3. 

 

Figure 4-13: The Analytical Methods Employed in Round 3 

As explained in Marron (2003), instant-runoff voting is an iterative process. The 

process begins with counting the first preferences of the panellists. Each first 

preference was counted as one vote for the appropriate item. Once all the first 
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preferences were counted, if one item holds a majority of the votes, that item can be 

immediately declared as the most appropriate. Otherwise, the item with the fewest 

first preferences is eliminated, and the entire votes assigned to that item are 

recounted according to the second preferences of each voter. The total counts are 

updated. Again, if the top item attains a majority, that term is declared the most 

appropriate. Otherwise, the process is repeated. Once one item holds a majority of 

the votes, that item is immediately declared as the most appropriate, and the 

process will stop. 

A similar approach was utilised to analyse the collected data in Section 2 of Round 

3. In this section, the panellists were asked to select the three most appropriate 

terms to substitute ‘VGI in land administration’. 

4.8.2.4 Importance Rating System 

In Section 3 of Round 3, the importance rating system was used to determine the 

importance of each of the identified parameters that could affect the choice of a data 

collection method in land administration. The panellists were asked to determine 

the importance of each parameter through the Likert scale presented in Vagias 

(2006), which starts from ‘Not at all important’ to ‘Extremely important’. Figure 

4-14 shows an example of this type of question. The importance of each parameter 

was determined based on the average panellists’ responses in this round. 



101 

 

 

Figure 4-14: An Example of a Question in Section 3 of Round 3 

4.8.2.5 Analytic Hierarchy Process 

In Section 4 of Round 3, the Analytic Hierarchy Process (AHP) was used to determine 

the importance of each factor. AHP is typically used for prioritising factors and 

requirements, choosing from several strategies, estimating cost and scheduling 

options, and selecting the desired option from several options (Saaty, 1988). AHP 

was selected due to its advantage as a method for determining the importance of 

each factor. Firstly, it provided a systematic approach for the weighting process 

based on a pair comparison between the factors determined in the previous rounds 

(Teknomo, 2006). Secondly, each factor was addressed several times, as it must be 

evaluated in pairs. Thus, a greater degree of stability was achieved in the results. 

Thirdly, it can control consistency and detect any possible logical discrepancies. 

Fourthly, this method is highly recommended when factors are not measurable in 

the same units or are not practically measurable in any unit (Shapira & Simcha, 

2009). 
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During the AHP process, the panellists were asked to determine the relative weights 

of factors by comparing them in pairs. Furthermore, the panellists determined the 

degree of importance following a given AHP scale starting with ‘Equally important’ 

to ‘Extremely important’, as illustrated in Figure 4-15. 

 

Figure 4-15: AHP Scale for Pairwise Comparison Between A and B 

The panellists concentrated on a comparison of only two criteria at a time. The 

results for each set of comparisons were recorded in a ‘comparison matrix’. Table 

4-3 illustrates an example of a constructed comparison matrix according to the 

responses received from one of the panellists in Round 3. Numbers in comparison 

matrices that are greater than one represents the higher degree of importance of the 

factor in the row relative to the factor in the column of the matrix, and number one 

means that the two factors are equally important based on the expert’s view. 

Table 4-3: An Example of a Comparision Matrix Based on a Panellist’s Responses 

  Drivers Enablers Functionality Legal aspects 

Drivers 1 3 5 2 

Enablers  1/3 1  2  1/3 

Functionality  1/5 1/2 1 1/5 

Legal aspects  1/2 3 5 1 

After constructing the comparison matrix, the eigenvector (also known as a priority 

vector) was computed to determine the relative rankings of importance (or 

preference) of the factors being compared by the panellists. Saaty (1988) gives a 

detailed explanation of AHP and its calculation techniques.  

The preference scale for the pairwise comparisons of two items ranges from the 

maximum value 9 to 1/9 (0.111 in decimal from). For example, in Table 4-3, a12 (the 

value in the first row of the second column) represents the comparison between 

‘Drivers’ and ‘Enablers’. If ‘Drivers’ are three times (strong importance) more 

 A 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B

Extremely important Equaly important Extremely important

 A 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B

Extremely important Equaly important Extremely important
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important than ‘Enablers’, then the value of a12 is ‘3’. Consequently, ‘Enablers’ are 

‘1/3’ times (strong importance) more important than ‘Drivers’, so the value of a21 is 

‘1/3’ or 0.333 in decimals.  

The results of each set of pair comparisons by the panellists were recorded in a 

separate comparison matrix. From a mathematical point of view, a comparison 

matrix is a matrix algebraic property of cardinal transitivity where the equality aij = 

1/aji, and aij = aik akj for any index i, j, and k. Numbers in comparison matrices that 

are greater than one represent a higher degree of importance of the factor in the row 

relative to the factor in the column of the matrix, and number one means that the 

two factors are equally important according to the expert. 

The outcome of the pairwise comparison process is the ‘local priority vector’ of the 

factors compared, which represents their relative weights. The consensus weight of 

each group of factors was achieved by computing the geometric mean of the 

individual pairwise comparisons.  

Inconsistencies 

Determining the importance of the factors based on expert judgment is partly based 

on unconscious processes. Consequently, a degree of inconsistency is expected. For 

example, in a comparison of three items, A, B, and C, if item A is three times more 

important than item B, and item B is five times more important than item C, it is 

expected that item B is 15 times more important than item C. However, this hardly 

occurs due to human judgment, and some measure of inconsistency is acceptable in 

terms of determining the importance of items based on human judgment. According 

to Saaty (1988), the Consistency Index (CI) can be calculated using the following 

formula:  

 

 

where  

𝝀max is the largest eigenvector value 

n is the number of items being compared  

Then, the Consistency Ratio (CR), a comparison between the CI and the Random 

Consistency Index (RI), can be calculated using the following formula: 
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where 

CI is the Consistency Index 

RI is the Random Consistency Index 

The value of RI can be extracted from Table 4-4 according to the study conducted by 
Saaty (1988). 

Table 4-4: Random Consistency Index (RI) 

Number of items being compared (n) 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

A CR less than or equal to 10% is acceptable. However, if the CR is greater than 10%, 

the comparison needs to be revised. For example, if CI is 0.04 and RI is 0.58 for a 

comparison of three items, then CR is 6%, which is less than 10%. Thus, the 

evaluation of the importance of factors is consistent. 

This AHP process provides an insight in terms of the importance of each factor and 

guidelines for future researcher or authorities interested in applying crowdsourcing 

to land administration in terms of the most important factors. 

4.9 Ethical Considerations 

It is important to note that prior to starting the data collection process, this study 

was reviewed and received ethics approval from the University of Melbourne 

Research Ethics Board (Appendix 1). Ethical guidelines seek to work towards 

protecting the individuals, communities, and environments involved in the studies 

against any form of harm, manipulation, or malpractice. It is also important to 

mention that the views expressed by the experts were personal perspectives and do 

not represent any organisation’s views.  

4.10 Chapter Summary 

This chapter explained the research design of and the research methods employed 

in this thesis. It provided an overview of the Delphi study and its components as the 

main research methodology of this study. It also detailed the steps involved in 
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choosing the methodology of this research. This research began with the foundation 

phase to determine the research elements (e.g. research problem, aim, and 

objectives) and the documents for starting the Delphi iterations (e.g. ethics approval 

application and first-round questionnaire documents). This was followed by the 

exploratory phase, the evaluation phase, and the implementation phase. 

This chapter explained the data collection method used in this thesis. Subsequently, 

it described the data analysis method used for analysing the data collected in each 

stage of this study. Both qualitative and quantitative data analysis methods were 

used in this study. In the next chapter, the results of these analyses will be discussed. 
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CHAPTER 5 

CROWDSOURCED LAND AND 

PROPERTY INFORMATION  

 

‘It's not faith in technology. It's faith in people’ 

 

- STEVE JOBS 
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5 Crowdsourced Land and Property Information 

 

5.1 Introduction 

This chapter discusses the results and findings of the Delphi study in its exploratory 

and evaluation phases. As illustrated in Figure 5-1, the Delphi study consists of five 

sections in response to the five research questions presented in Chapter 3. Sections 

1 and 2 of the Delphi study draw on the knowledge of international experts and build 

a consensus between them on the most appropriate term for and definition of citizen 

contributions to land and property data collection. Section 3 determines the 

parameters that could influence the choice of a spatial data collection method in land 

administration, and Section 4 identifies the set of factors that are crucial for utilising 

crowdsourcing in land administration. Finally, Section 5 determines a list of land 

and property information types that could potentially be collected by means of 

citizen efforts. 

This chapter begins by reporting the results of the qualitative analysis of the 

responses collected from the panellists in Round 1 (the exploratory phase) and 

Rounds 2 and 3 (the evaluation phase). Thereafter, it concludes by presenting the 

consensus statements in each round section.  

This research began by using ‘VGI’ as term to refer to citizen contributions to data 

collection. However, the results of Sections 1 and 2 showed that the term 

‘crowdsourcing’ is more appropriate for the land administration context. Therefore, 

in this chapter, the term VGI is used in order to maintain consistency with the initial 

questions and the control feedback reports sent to the panellists, while the term 

‘crowdsourced land and property information’ will be used for subsequent chapters. 
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Figure 5-1: Delphi Study Structure 

5.2 Term to Replace ‘VGI in Land Administration’ 

As discussed in Chapter 3, a number of terms and definitions have been used to refer 

to the process of citizens’ involvement in land and property data collection, such as 

neo-cadastre (de Vries et al., 2014), OpenPropertyMap (Kalantari & La, 2015), 

crowdsourced land administration (McLaren, 2011), and VGI in cadastre (Basiouka 

and Potsiou, 2012). This indicates that for the most part, scholars and practitioners 

in this field do not agree on the terminology for addressing citizen contributions to 

land administration. Consequently, no universally accepted term or definition exists 

in reference to this phenomenon. This diversity has led to a blurring of 

communication and a lack of a thorough understanding of the concept.  
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Thus, the aim of this section is to decide the most appropriate term to replace ‘VGI 

in land administration’. Figure 5-2 shows the overall undertaken process. 

 

Figure 5-2: The Process of Determining the Term to Replace ‘VGI in Land Administration’ 

5.2.1 Round 1: Identification of Terms 

The objective of this round was to generate and include as many terms as possible 

that might be appropriate to mean ‘VGI in land administration’. Although this 

research started by using the term ‘VGI’, the panellists were openly encouraged to 

submit any relevant terms that they may have thought of and might be appropriate 

to mean ‘VGI in land administration’.  

The panellists’ responses were gathered and analysed, as discussed in Chapter 4. 

The findings of the qualitative analysis of the panellist’s responses revealed 24 

different terms, including VGI, that could be used to replace ‘VGI in land 

administration’, as outlined in Table 5-1.  
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Table 5-1: The Terms Suggested by the Panellists 

1 Citizen science 13 Geographical citizen science 

2 Citizen sensors 14 Geowikis 

3 Contributed Geographic 
Information (CGI) 

15 Location-based knowledge 

4 Crowd asset collection 16 Neo-cadastre 

5 Crowd data collection 17 Neo-geography 

6 Crowdfunding 18 Participation GIS (PGIS) 

7 Crowdsourced geographic 
information 

19 Public Participation GIS (PPGIS) 

8 Crowdsourcing 20 User-generated Content (UGC) 

9 Crowdsourcing geospatial data 21 User-generated Spatial Content (UGSC) 

10 Crowdsourcing spatial data 22 Volunteered Geographic Information 
(VGI) 

11 Crowdsourced land and property 
information 

23 Volunteered land information 

12 Crowdsourcing surveying 24 Involuntary geographic information 
(iVGI) 

A variety of terms were given by the panellists, which confirmed that there is little 

agreement on the term that should be used to refer to this phenomenon. Some 

panellists suggested that land administration needs a specific term to refer to VGI in 

land administration. Some of the suggested terms were synthesised from existing 

ones, such as ‘Volunteered Land Information’ from VGI or ‘Neo-cadastre’ from neo-

geography. All of the identified terms were carried into the next round for further 

investigation. 



113 

 

5.2.2 Round 2: Verification of the Most Appropriate Term 

This round aimed to reach a consensus concerning the most appropriate term to 

replace ‘VGI in land administration’ with reference to the suggested terms in Round 

1. In Round 2, the panellists were asked how strongly they agreed or disagreed with 

the appropriateness of each of the terms presented in Table 5-1.  

The panellists’ responses were analysed quantitatively, as described in Chapter 4. 

Figure 5-3 shows the level of panellists’ agreement on each term. As illustrated in 

Figure 5-3, ‘crowdsourced land and property information’ was the most favoured 

term, with a median of ‘Agree’ and a strength of consensus of 0.80. Over 78% of the 

participants either ‘strongly agreed’ or ‘agreed’ with this term being used in land 

administration. ‘Crowdsourced land and property data’, ‘VGI’, ‘volunteered land 

information’, ‘crowdsourced geographic information’, ‘crowdsourced geospatial 

data’, and ‘citizen sensors’ were the next favoured terms, with a median of ‘Agree’, 

and a strength of consensus ranging between 0.56 and 0.74. All of the remaining 

terms within this section had a median score of either ‘Disagree’ or ‘Neither agree 

nor disagree’.  
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Figure 5-3: The Panellists’ Beliefs Regarding the Terms to Mean ‘VGI in Land Administration’ 

As illustrated in Figure 5-3, the panellists agreed on the appropriateness of the 

following terms: 

• Crowdsourced land and property information 

• Crowdsourced land and property data 

• VGI 

• Volunteered land information 

• Crowdsourced geographic information 

• Crowdsourced geospatial data  

• Citizen sensors 

These terms were carried into Round 3 for further investigation. In addition, as 

responses to the question seeking further comments (such as amendments or 

additions to any terms), some panellists found the terms ‘involuntary geographic 

information (iVGI)’ and ‘crowdfunding’ terms to be irrelevant. One of the panellists 
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stated that general terms cannot be used to refer to a specific topic such as ‘VGI in 

land administration’. Moreover, another panellist suggested the inclusion of a new 

term in the list, ‘volunteered land and property information’. Consequently, this 

term was added to the shortlisted terms.  

5.2.3 Round 3: Finalising the Most Appropriate Term  

In Round 3, the panellists were asked to select the three most appropriate terms to 

replace ‘VGI in land administration’ in order of preference. In other words, they were 

asked to select their ‘first choice’, ‘second choice’, and ‘third choice’ from the 

shortlisted terms. The collected responses were analysed, as discussed in Chapter 4. 

Figure 5-4 illustrates the results of this analysis. 59% of the panellists selected 

‘crowdsourced land and property information’ as the most appropriate term to refer 

to citizen involvement in the process of land and property data collection. 29% 

selected ‘volunteered land and property information’ and 12% ‘VGI in land 

administration’, as illustrated in Figure 5-4. 

 

 

Figure 5-4: The Panellists’ Responses Concerning the Best Term to Mean ‘VGI in Land 

Administration’ 

Overall, the results of this section indicate that ‘crowdsourced land and property 

information’ is the most appropriate term to mean citizen contributions to the land 

and property data collection process. It is important to note that while this research 

started by using the term ‘VGI in land administration’, the panellists agreed that 

‘crowdsourced land and property information’ is the most appropriate term to refer 
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to this phenomenon. Figure 5-5 shows a summary of this process through the 

conducted three-round Delphi study. 

 

Figure 5-5: Summary of the Results of the Delphi Study in this Section 

5.3 Defining the Domain and its Scope  

While in the previous section the panellists decided the most appropriate term to 

refer to citizen involvement in the process of land and property data collection, this 

section was devoted to defining the domain and scope of citizen contributions to the 

process of land and property data collection. As explained in Chapter 4, this study 

began by using the term ‘VGI in land administration’ to refer to this process. 

As discussed in Chapter 3, no universally accepted definition of VGI to refer to citizen 

involvement in the land and property data collection exists, particularly in the 

context of land administration. Consequently, this section of the Delphi study 

focused on forming a uniform definition that the members of the panel would be 

comfortable with in order to proceed with the remainder of the research, as 

described in Chapter 4. Figure 5-6 shows the overall process. 



117 

 

 

Figure 5-6: The Process of Defining ‘Crowdsourced Land and Property Information’ 

 

5.3.1  Round 1: Reviewing the Panellists’ Comments on the 

Definition 

In Round 1 of this study, the panellists were asked to comment on the suitability of 

the proposed definition of ‘VGI in land administration’. The objective of this question 

was to generate and include as many thoughts on the definition of VGI in land 

administration as possible. The definition that was suggested to the experts was: 

‘Volunteered Geographic Information (VGI) is a phenomenon by which people 

voluntarily collect, organise, and disseminate geographic information and data in 

such a manner that the information can be used by others.’ 

The panellists were asked to comment on the suitability of the proposed definition 

for use in land administration. They were also asked to suggest any additions or 

modifications as appropriate. Table 5-2 shows some of the experts’ responses to this 

question. 
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Table 5-2: A Sample of the Panellists’ Comments on the Given Definition 

Modifications Suggested by the Experts 

• The definition is appropriate. 
• VGI may also apply to the review and validation of published geographic 

information (identifying and correcting errors, checking correctness and 
completeness). The definition should encompass these aspects. 

• In case the definition is planned to be used as ‘self-contained’, it might be 
good to mention ‘Internet, web-based or mobile tools, etc.’ 

• What might be necessary for land administration is to include some 
reference to the ‘quality assurance of VGI’. 

• …. can be used by others, to supplement, maintain or improve existing data. 
• It is too narrow a term.  
• While the V in VGI stands for ‘voluntary’, I'd be cautious in interpreting this 

term, and it may require further definition.  
• Words such as ‘online’ and ‘web’ should also be included. 
• It should also cover how the data is processed and by whom. 
• I think it should include something about people collecting data for their 

own purposes as well. 
• The only concept that may be worth including is the idea of the suitability 

of the form in which the information is collected, i.e. that it makes [the 
information] easily and quickly usable by others. 

• Literature involves several similar definitions about VGI, and you could 
synthesise a new one for Land Administration Information.  

• ‘Capture, assemble, and publish’ work as well, given that this is the format 
that is most likely to be used in the dissemination process. 

• I wonder if the definition of ‘people’ should be expanded to ‘people who 
may or, more likely, may not be familiar with geographic information 
collection...’? 

• For land administration purposes, the aim is for VGI to assist in collecting 
information or confirming existing information. 

The qualitative content analysis of the panellists’ responses, as discussed in Chapter 

4, in this round revealed that seven dimensions should be considered in forming a 

definition of VGI in land administration. These dimensions are also illustrated in 

Figure 5-7. The comments of the panellists were categorised according to these 

seven dimensions in order to provide them with a control feedback report and to 

design the next round of the questionnaire (Appendix 4).  
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Figure 5-7: Dimensions Requiring More Investigation in order to Define ‘VGI in Land 

Administration’  

5.3.2 Round 2: Verifying the Comments  

In Round 2 of this study, the panellists’ beliefs regarding the relevance of the 

suggested amendments in the seven dimensions (as illustrated in Figure 5-7 

concerning Round 1) were captured by means of a Likert scale of 1 (‘Strongly 

disagree’) to 5 (‘Strongly agree’). Furthermore, at the end of each section, the 

panellists were given the opportunity to suggest any further comments in terms of 

additions or amendments to any dimension. The aim of Round 2 was to form an 

agreed definition among the panellists regarding the domain and scope of ‘VGI in 

land administration’. Such a consensus is a function of the shared belief among the 

panellists on an issue. As a median is a measure of central tendency, the median of 

the panellists’ responses was used in order to determine the level of agreement 

among the panellists, as discussed in Chapter 4. 

In addition, to report the level of consensus among the panellists, a statistical 

indicator called the Strength of Consensus (sCns) was calculated for each item to a 

focal point of ‘Strongly agree’, as described in Chapter 4. 

5.3.2.1 Who are Contributors to VGI Projects in Land administration? 

The aim of this section was to determine and define the contributors to VGI projects 

in land administration. Five items were extracted from the panellists’ responses 

during Round 1 of the study to be used in the definition to refer to these 

contributors, including ‘ordinary citizens’, ‘citizens’, ‘people’, ‘ordinary people’, and 

‘people who may or, more likely, may not be familiar with geographic information 

collection’. Among these items, around 90% of the panellists selected either 

‘Strongly agree’ or ‘Agree’ for the term ‘people’. Accordingly, ‘Strongly agree’ was the 

Who are 
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? 
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not?

What can be 
done?

What type of 
data?

Means of 
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? 
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median value for all responses, with a strength of consensus of 0.85. ‘Citizens’ was 

in second place due with a median of ‘Agree’ and a sCns of 0.75. The panellists’ 

agreement on the inclusion of other terms in the definition is presented in Figure 

5-8.  

 

Figure 5-8: The Panellists’ Beliefs Regarding the Question ‘Who Are Contributors [to VGI in 

Land Administration]?  

The categories ‘people’ and ‘citizens’, which achieved medians of ‘Strongly agree’ 

and ‘Agree’ respectively, were selected for further investigation in the next round. 

In Round 3, the panellists were asked to rank their preferences for the most 

appropriate term to refer to the contributors to VGI in land administration from 

these two terms. 

5.3.2.2 Voluntary or Not? 

The panellists agreed that VGI in land administration needs to be done voluntarily. 

The median of the responses for the voluntary nature of this contribution was 

‘Agree’. About 90% of the participants either ‘strongly agreed’, or ‘agreed’ with this 

premise. Therefore, this component will be included in the definition. 

5.3.2.3 What Can be Done in the Process of VGI in Land Administration? 

In Round 1, the panellists suggested 10 different components that should be 

included in the definition in order to specify what exactly can be done in the VGI 

process, including ‘collect’, ‘organise’, ‘disseminate’, ‘assemble’, ‘publish’, ‘review’, 

‘validate’, ‘update’, and ‘complete’. In Round 2, the panellists determined their 

agreement on the inclusion of these activities in the definition. The analysis of the 

panellists’ responses in Round 2 shows that ‘publish’, ‘assemble’, and ‘complete’ 
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achieved a median of ‘Neither agree nor disagree’ with a sCns of 0.62. ‘Collect’ 

achieved a median of ‘Strongly agree’ with a sCns of 0.96. The remaining activities 

achieved a median of ‘Agree’, as illustrated in Figure 5-9. Their respective sCns value 

ranged between 0.65 and 0.81. 

 

Figure 5-9: The Panellists’ Beliefs Regarding the Question of ‘What Can be Done?’ in the 

Definition of VGI in Land Administration 

The panellists reached a consensus that the contributors to VGI land administration 

projects could ‘collect’, ‘update’, ‘disseminate’, ‘validate’, ‘organise’, and ‘review’ 

some types of data related to land and property. Therefore, these activities will be 

included in the final definition. 

5.3.2.4 What Types of Data? 

In Round 1, some panellists suggested using more specific terms in the definition to 

refer to the types of data that could be collected (or updated, disseminated, etc.) 

during the VGI process. Some of these panellists suggested terms such as ‘land 

information’ to make the definition more specific to the land administration domain, 

while others were happy with the more general terms, such as ‘geographic 

information’. All the terms generated in Round 1 were presented to the panellists in 

Round 2 to determine the level of their agreement on each of these terms. All items 

achieved a median of ‘Agree’ except ‘non-spatial information and data’, which 

received a median of ‘Neither agree nor disagree’. The panellists’ agreement on the 

inclusion of these terms in the definition is presented in Figure 5-10.  
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Figure 5-10: The Panellists’ Beliefs Regarding the Question of ‘What Types of Data [Should be 

Included in the Definition of VGI in Land Administration]?’ 

The results of Round 2 show that around 90% of the panellists selected either 

‘Strongly agree’ or ‘Agree’ in relation to the inclusion of ‘land information’ in the 

definition. However, they also agreed with other terms, such as ‘property 

information’, ‘spatial information and data’, ‘geographic information and data’, and 

‘RRRs related to land and property information and data’. These items were 

therefore considered in the subsequent round in order to determine the most 

appropriate term to refer to the types of data that could be collected (or updated, 

disseminated, etc.) in VGI land administration projects. In Round 3, the panellists 

were asked to rank their preferences for these items. 

5.3.2.5 Means of Contribution 

In Round 1, some panellists emphasised the inclusion of the means of contribution 

in the definition, while others believed that no such inclusion is needed. All the 

generated items regarding the means of contribution were presented to the 

panellists to determine the level of their agreement on each item. Among the 

suggested items that refer to the means of contribution were ‘online’, ‘web’, ‘mobile 

tools’, and ‘smartphone’, achieving a median of ‘Agree’ with the sCns ranging 

between 0.73 and 0.65. The remaining categories gained a median of ‘Neither agree 

nor disagree’, with the sCns ranging between 0.44 and 0.66.  
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Figure 5-11: The Panellists’ Beliefs Regarding the Issue of the ‘Means of Contribution’ in the 

Definition of VGI in Land Administration 

The panellists reached a consensus regarding the means of contribution. As the 

results of this round show, the panellists agreed to the inclusion of ‘online’, ‘web’, 

‘mobile tools’, and ‘smartphone’ in the definition. Therefore, these items will be 

included in the final definition.  

5.3.2.6 The Purposes of VGI in Land Administration 

In Round 1, some panellists argued that referring to information ‘used by others’ in 

the definition needs more clarification. They suggested that the ways in which the 

products of VGI in land administration can be used should be clarified, with phrases 

such as ‘used by others to supplement existing data’, ‘used by others to improve 

existing data’, ‘used by others to maintain existing data’, and ‘used by others for their 

own purposes’ being used. In Round 2, all these items were presented to the 

panellists to determine their agreement concerning these modifications to the 

definition. All items achieved a median of ‘Agree’ except ‘used by others for their 

own purposes’. However, as illustrated in Figure 5-12, the level of agreement on 

each item was different.  
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Figure 5-12: The Panellists’ Beliefs Regarding the Inclusion of ‘The Purposes of VGI in Land 

Administration’ in the Definition of VGI in Land Administration 

The results of Round 2 show that a consensus was not achieved on this issue. 

Although around 90% of the panellists either ‘agreed’ or ‘strongly agreed’ with the 

inclusion of ‘used by others’, they also agreed with ‘used by others to supplement 

existing data’, ‘used by others to improve existing data’, and ‘used by others to 

maintain existing data’. Therefore, it is unclear whether the purposes of VGI in land 

administration should be limited to a specific use or not. For further investigation in 

Round 3, these items were summarised as ‘used by others’ and ‘used by others to 

improve, supplement, and maintain existing data’ and the panellists were asked to 

indicate their preferences on these items. 

5.3.2.7 Other Comments 

In Round 1, some panellists suggested that ‘how the data is processed and by whom’ 

and ‘quality assurance’ should be addressed in the definition. Both of the suggested 

items achieved a median of ‘Neither agree nor disagree’ with sCns values of 0.59 and 

0.60 respectively. 

 

Figure 5-13: The Panellists’ Beliefs Regarding the Inclusion of Other Aspects in the Definition 

of VGI in Land Administration 

A consensus was achieved in ‘other comments’, as none of the items achieved a 

median of ‘Agree’ or ‘Strongly agree’. Therefore, they will not be included in the 

definition. 

5.3.3 Round 3: Finalising the Definition  

The panellists reached a consensus concerning four out of the seven dimensions 

concerning the definition: ‘voluntary or not?’, ‘what can be done?’, ‘means of 

contribution’, and ‘other comments’. The results concerning these four dimensions 
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will be included in the final definition. The three remaining dimensions, ‘who are 

contributors?’, ‘what types of data?’, and ‘the purposes of the process’, were 

investigated in Round 3. 

5.3.3.1 Who are Contributors? 

In the previous round, the panellists reached a consensus concerning the 

appropriateness of defining ‘citizens’ and ‘people’ as contributors to VGI in land 

administration. In Round 3, the panellists were asked to vote for the inclusion of one 

of these items in the definition of the concept. An analysis of the panellists’ 

responses shows that 56.25% of the panellists preferred ‘people’ rather than 

‘citizens’. 

5.3.3.2  What Types of Data? 

In Round 3, the panellists were asked to determine their preferences for the terms 

that indicate the types of data that should be included in the definition. An analysis 

of the panellists’ responses shows that 69% of the panellists preferred to use the 

term ‘land and property information’. 

5.3.3.3 Purposes of VGI in Land Administration 

In the previous round, the panellists agreed on the appropriateness of ‘used by 

others’ and ‘used by others to maintain, supplement, and improve existing data’ in 

terms of the purposes of VGI in land administration. In Round 3, the panellists were 

asked to vote for one of these items. An analysis of the panellists’ responses shows 

that 69% of the panellists preferred to use the term ‘used by others to maintain, 

supplement, and improve existing data’ in this regard.  

Overall, the results of this section determined an agreed definition of ‘crowdsourced 

land and property information’: 

 ‘Crowdsourced land and property information is a phenomenon by which people 

voluntarily collect, update, review, organise, disseminate, and validate land and 

property information/data or assist in these processes using smartphones, mobile 
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tools, the web, or any online services in such a manner that the information can be 

used by others to maintain, supplement, or improve existing data’. 

 

5.4 Parameters for Selecting a Fit-for-Purpose Data Collection 

Method in Land Administration  

Data collection is one of the most time-consuming and expensive, yet important, 

tasks in land administration, and the entire spectrum of land administration 

functionality relies on the availability of land and property data (Enemark et al., 

2014; 2016). As discussed in Chapter 3, many types of data collection methods can 

be used for land and property data collection, ranging from digitising old maps to 

the use of GNSSs. Such methods can be operated by professionals or ordinary 

citizens. Therefore, selecting the most appropriate data collection method is crucial 

(Enemark et al., 2014; 2016; Bennett and Alemie, 2015). However, little is known 

about the parameters that affect the choice of a data collection method and which of 

these methods should be selected as appropriate for its intended purposes in land 

administration.  

5.4.1 Round 1: Identifying the Parameters 

In selecting a method for data collection in land administration, there are many 

different thoughts on what the most appropriate method is for collecting different 

types of land and property information. Consequently, a variety of perspectives 

were expressed by the experts in response to the first-round questionnaire, which 

aimed to generate the parameters that are important in selecting a fit-for-purpose 

data collection methodology in land administration. An analysis of the panellists’ 

responses in Round 1 identified 27 parameters that were believed to influence the 

choice of a data collection method in land administration. These parameters are 

presented in Table 5-3.  
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Table 5-3. Parameters that Could Affect the Choice of a Data Collection Method as Suggested 

by the Panellists in Round 1 

1 Accuracy  2 Accessibility 

3 Affordability 4 Availability of tools 

5 Breaking down silos 6 Compliance with common standards 

7 Communication  8 Compliance with authorities’ needs 

9 Completeness 10 Data update mechanism 

11 Ease of access to method 12 Definition of method 

13 Feedback loops of method 14 Flexibility 

15 Metadata service of method 16 Must be evident upon inspection by 

independent third parties 

17 Multiple in-channels 18 Open and transparent procedure 

19 Repeatable 20 Recoverable by third parties 

21 Required education to access 

the method 

22 Reliability  

23 Data-sharing mechanism 24 Time efficiency  

25 Understanding  26 Upgradable over time 

27 Verifiability  

 

5.4.2 Round 2: Verification of the Identified Parameters 

In Round 2, the panellists’ opinions on the inclusion of each parameter (shown in 

Table 5-3) in terms of selecting a data collection method were captured. The 

panellists’ responses were gathered and statistically analysed. The clearest way of 
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organising and summarising panellists’ responses is a frequency distribution. A 

frequency distribution displays the different opinions on a specific term and the 

frequency associated with each opinion. Figure 5-14 shows the percentage 

frequency distribution of the panellist’s beliefs regarding the parameters that need 

to be considered in the process of selecting a fit-for-purpose data collection method. 

For example, as illustrated in Figure 5-14, the panellists expressed their thoughts on 

including the parameter of ‘accuracy’ in the ‘Strongly agree’, ‘Agree’, and ‘Neither 

agree nor disagree’ categories, with associated percentage frequencies of 53%, 37%, 

and 10% respectively.  

As illustrated in Figure 2, ‘accuracy’ and ‘open and transparent procedure’ achieved 

a median of ‘Strongly agree’, with sCns values of 0.89 and 0.86 respectively. The 

remaining parameters achieved a median of ‘Agree’ with sCns values ranging 

between 0.82 and 0.69, except ‘breaking down silos’, ‘required education to access 

the method’, ‘definition of method’, ‘multiple in-channels’, ‘compliance with 

authorities’ needs’, and ‘communication’.  
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Figure 5-14: The Panellists’ Beliefs Regarding the Parameters that Could Influence the 

Choice of a Data Collection Method in Land Administration 

In summary, nearly 75% of the parameters suggested by the panellists in the first 

round had as its median response ‘Strongly agree’ or ‘Agree’, indicating that the 

panellists reached a consensus on the inclusion of these parameters. Furthermore, 

some panellists suggested that some of the identified parameters could be 

summarised as they either implied similar meanings or they were different 

approaches to the same task. To accommodate this feedback, ‘ease of access’ and 

‘availability of tools’ were summarised as ‘ease of implementation’. ‘Must be evident 

upon inspection by independent third parties’, ‘recoverable by third parties’, and 

‘feedback loop of method’ were represented as ‘verifiability’. Table 5-4 shows the 

list of parameters that could affect the choice of a data collection method.  

Table 5-4: Parameters that Should be Considered When Selecting a Data Collection Method 
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1 Accuracy 

2 Reliability  

3 Compliance with common standards 

4 Completeness  

5 Verifiability 

6 Time efficiency  

7 Affordability  

8 Ease of implementation  

9 Open and transparent procedure 

10 Repeatability 

11 Data update mechanisms 

12 Upgradability 

13 Metadata services of method 

14 Data-sharing mechanism 

5.4.3 Round 3: Weighting the Importance of the Parameters 

In the third round, the panellists’ opinions on the importance of each parameter 

were captured as presented in Figure 5-15. The panellists selected the degree of 

importance on a spectrum of ‘Not important at all’ (0) to ‘Extremely important’ (8). 

As illustrated in Figure 3, ‘compliance with common standards’ and ‘metadata 

service of method’ achieved importance values of 5 and 5.1 respectively. ‘accuracy’, 

‘time efficiency’, ‘data-sharing mechanism’, ‘repeatability’, ‘data update mechanism’, 

‘affordability’, ‘verifiability’, ‘upgradable over time’, and ‘ease of implementation’ 

achieved importance values ranging from 6 to 7. ‘Reliability’ and ‘open and 
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transparent procedure’ achieved importance values of 7 and 7.2 respectively. In 

summary, all the parameters achieved a level of importance between 5 and 7. Thus, 

to some extent, there are differences in the importance of the determined 

parameters.  

 

Figure 5-15: The Importance of the Different Parameters When Choosing a Fit-for-Purpose 

Data Collection Method 

It is important to note that this section has mainly focused on the identification of 

parameters while acknowledging that these parameters might be interpreted with 

minor differences. Accordingly, the definition of these parameters can be conducted 

in the future study as it was not feasible to achieve consensus about the parameters 

and their definition in one study. 

5.5 Factors that Influence the Use of Crowdsourcing in Land 

Administration 

A lack of land and property data has sparked an interest in using crowdsourcing as 

a complementary data collection method in land administration. Crowdsourcing is 

an approach to harnessing data through the voluntary efforts of citizens in a quick 

and low-cost manner. Crowdsourcing has been used in a wide range of disciplines 

for collecting many types of data. However, there is significant debate about the 

possibility of using crowdsourcing in land administration. The literature review 
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reveals the challenges and benefits of using crowdsourcing in land administration, 

and it also reveals that applying crowdsourcing in land administration is complex. 

However, little is known about a comprehensive set of factors that could impact the 

use of crowdsourcing in land administration and the ways in which it can be applied. 

Arguably, identifying these factors is a significant step in deciding when and in what 

circumstances crowdsourced land and property information can be used and what 

considerations need to be made in the implementation of crowdsourcing in land 

administration. 

5.5.1 Round 1: Identifying the Factors  

Applying VGI to land and property data collection is an emerging topic; hence, there 

is limited literature and empirical data about it. Many factors could affect the use of 

VGI in this context, but there is not yet a complete list of all the relevant factors. The 

aim of this section of the Delphi study was to attempt to identify the factors that the 

panel of experts perceive as being crucial for utilising VGI in land administration. 

They must therefore be evaluated with the aim of establishing a comprehensive 

understanding of the possibility of using this method in land administration. In 

Round 1 of the Delphi study, a variety of perspectives were expressed in the 

panellists’ responses.  

Table 5-5: A Sample of the Panellists’ Responses in Round 1 

Category Sample of the Items Suggested by the Panellists 
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Some data is perhaps better than no data. 

VGI is an alternative, where we have no current data or incomplete 
data. It is also a way of collecting some ‘softer’ data. 

No better alternative available. 

Cost prohibitive alternative. 

Timeliness (or lack thereof): how much faster can VGI provide updates 
(even if they are preliminary)? 

In the starting phase, when there is almost no data.  

In situations in which a lack of quality data is blocking further progress. 

Elimination of time for official processes to be concluded. 
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Reduction of cost.  

Status of the existing data (e.g. does the cadastre exist, how complete 
is it, how updated is it, what is the topological quality?). 

In situations and/or jurisdictions in which records of RRRs have been 
lost or were never formalised in the first place. 

The VGI method in less developed countries can be a good starting 
point to collect any data. It is a good starting point for further research. 

Citizens have a connection with their land above almost everything 
else. Therefore, they are motivated to see improvement. 
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Probably in the more developed countries, for example, digital 
applications for smartphones or iPads to collect data will work better 
than in less developed countries. 

Access to the Internet (critically, are there enough people online to 
contribute?). 

Availability of the tools. 

Consider the crowd as closer to home; for example, valuers valuing 
properties can also collect photographs, positions of buildings, 
driveways, and ancillary data without adding much more to their time.  

The key here is having someone to coordinate the data collection and 
then share it with whoever can use it.  

Active involvement of citizens in decision-making policies. 

Multiple parts of a government agency; for example, conducting 
fieldwork. Many information collected by fieldworkers can be of use to 
others. Information that is not directly useful to them may still be easy 
to collect for wider use. 
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Correction of errors and mistakes in official databases. 

Updating i.e. to flag data records and properties that are not up to date 
in the land registry. 

Provide data for incomplete datasets. 

Provide data (measurements/observations) requiring large sample 
sizes. 

Provide confirmation of questionable data. 

As such probably more of use at the concept or early planning stage, 
rather than when absolute certainty is required around matters such 
as location or extent of property or other characteristics. 

In a broad sense, VGI can be used effectively when we would like to 
detect misuse or neglect in cultivating land, like ragweed detection. 
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Documentation of a broad community agreement on particular details 
concerning RRRs that may have been accepted and in place for many 
years but never written down anywhere. 
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Legislative conformity would be helpful. 

Distinction between mandatory (legislated) data and ‘useful’ data. 

It is also a way of collecting some ‘softer’ data. If it is strong legal data, 
it will be collected anyway.  

But the softer data still involves important RRRs, but because they do 
not have strong commercial value, they are not recorded. 

Authentication is usually the issue preventing the use of VGI. 

How can 'official' or 'authoritative' bodies validate and give a 'stamp of 
approval' to VGI? 

The legal factor is a risk. In my country, it could be used by a smart 
person to claim someone else’s land by providing false information. 

It could also make private disputes public. 

I see VGI being more at the 'indicative' level rather than at hard-edged 
‘legislative’ or ‘definitive’ level.  

Given the legal connotations of RRRs, the primary criteria for 
government and the courts will be accuracy and reliability. 

There is an expectation that data concerning RRRs is authoritative and 
able to withstand scrutiny. 

In situations and/or jurisdictions in which records of RRRs have been 
lost or were never formalised in the first place. 

In situations in which legislation or regulations have been changed to 
allow the use of VGI in land administration. 

In situations in which proven dispute resolution mechanisms are in 
place to resolve disagreements in the contentions of different 
individuals providing such information. 

It is unlikely that any RRRs that have legal implications would be 
suitable for collection using VGI.  

In places in which the law or government policies are not dominant 
structures, there is room for interesting and creative outcomes. 
However, even then, there is often an institution in place (perhaps 
customs or traditions) that dictates priorities. 

The status of the legal rights in the country (are there many border 
conflicts, is the majority of the land distributed or owned by the state?). 

What are the legal implications for anyone who uses the information 
and relies on it? 
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Are there legislative requirements or directives on by whom and how 
information should be collected? 
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Land and property data, specifically concerning RRRs, is very 
important data that affects human rights and land prospects. 
Therefore, the basic factor that affects the use of VGI for collecting such 
data is the quality of the data and mainly its reliability and accuracy.  

Given the legal connotations of RRRs, the primary criteria for 
government and the courts will be accuracy and reliability. 

The accuracy requirements, both spatially and in terms of content, 
would also be factors in determining the suitability of RRRs being 
collected using VGI. 

Accuracy. 

The value of the land (if the land is not high-value, the lower costs 
involved in VGI are justifiable for registering it using ‘standard’ 
methods). 

Easily identifiable objects. 

Easily measurable variables. 

Observation is required, but not or minimal analysis or interpretation. 

Fuzzy objects or descriptions can be avoided. 

The required spatial accuracy is important, although in some cases, it 
does not have to be as accurate as people think.  

What are the spatial accuracy requirements? 

What are the data accuracy and data completeness requirements? 

Types of land, i.e. rural vs urban, need different approaches. 
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Citizens have a connection with their land above almost everything 
else. Therefore, they are motivated to see improvement. 

Skills of the VGI collector. 

The political situation. 

The local culture. 

Community acceptance. 

The knowledge level of the volunteers. 

The skills needed to simply understand and collect/elaborate on data.  
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The knowledge to whom send them and thinking in the spatial context. 

Ethical and moral profiles. 

VGI can be operated by a range of participants. There is room for 1. 
professional participants 2. trusted participants 3. general 
participants. 

The volunteers’ knowledge/experience regarding geographic 
information. 

Who is collecting the information? Are they independent or do they 
have a vested interest in the data collection? 

Have the people collecting the information been trained? 

It depends on the definition of the crowd. A crowd can be everyone in 
the whole world or a community living on a specific piece of land. With 
appropriate quality assurance, most types of RRR data could be 
potentially collected by a crowd. Key in formalization of rights though 
would be agreement that the data is accurate. 
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Screening of the VGI is crucial. 

Development of consistency for the input channels is crucial. 

Alternative capture technology, e.g. high-precision imagery or Lidar 
for assistance in capturing cadastral upgrades in general law (old 
system - not real property) areas.  

Multiple inputs and collection tools or techniques can be problematic 
for data maintainers.  

If you just keep collecting data, how do you identify its currency? 
Should the data have an expiry date? Could the expiry date be set upon 
its entry to the land administration system? 

The level of trust that can be placed in the provider of the information. 

See my paper presented at the FIG Working Week in Sofia, 2015 
wherein I describe how unintended consequences can be mitigated. 
The initial use of trusted intermediaries is being recommended at the 
start prior to true crowdsourcing. 

Validation options, e.g. can VGI be used to validate or error-check other 
sources? Or can different VGI sources validate each other's content? 
Can VGI suppliers be 'rated' for the quality of their input (e.g. star 
rating, qualified/trusted suppliers)? 

Justification. 

Factors that would affect its use are the degrees of accuracy, certainty, 
and legislative backing for the information that is being collected. 

The quality of the data, mainly its reliability and accuracy. 
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Quality assurance processes would need to be implemented prior to 
the information being used, and even then, its use may be limited. 

VGI needs to be verified. The verification process for determining the 
quality of the data that is captured. A rating system is used by many 
VGI systems. The responses are vetted, and the quality is rated. This 
information is used as the determining factors for the next dataset that 
is collected. Some users will be regular contributors, providing high-
quality value, and others will not A clearly defined scope on the data 
that needs to be captured must be outlined. This is to avoid the 
collection of random, useless data. 

Availability of the tools. 

GPS-based locations should be used rather than manual map markings. 

Do the people collecting the information have the appropriate 
equipment for the collection and dissemination of the information? 

What are the quality assurance processes? 

The consistency of the approach or platform is important. 

The standardisation of data and metadata services is necessary. 
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How should inconsistencies in the provided information be dealt with? 

What level of incompleteness can be tolerated in the created dataset 
(the nature of VGI dictates that it is likely to deliver complete data in 
some areas and gaps in other areas)? 

How can the quality of the provided information be understood and 
recorded? 

Manipulation of personal data (who stores and manages it?). 

Support and funding by governmental bodies. 

The potential viability of the project.  

The qualitative analysis of the responses in Round 1 resulted in a range of factors 

being identified. Eight general themes emerged from the panellists’ responses in the 

first round (Figure 5-16): (1) factors that could drive the use of crowdsourcing, (2) 

factors that could enable the use of crowdsourcing, (3) factors related to the function 

of crowdsourcing in land administration, (4) factors related to the legal framework, 

(5) factors related to land and property RRR characteristics and requirements, (6) 

factors related to crowd characteristics, (7) factors related to organisational aspects, 

and (8) factors related to technical issues. These themes could be helpful in tying the 

individual factors together and facilitating the achievement of a consensus. 

Furthermore, the number and diversity of these factors indicate that utilising 
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crowdsourcing in land administration is a complicated and multidimensional 

subject. 

 

Figure 5-16: Eight General Themes/Factors that Emerged from the Panellists’ Responses in 

Round 1 

5.5.2 Round 2: Verifying the Identified Factors 

In Round 2, the panellists worked towards verifying the themes generated in Round 

1 and reaching a consensus on the list of factors that influence the application of 

crowdsourcing to land and property data collection. The panellists expressed their 

thoughts in light of the factors identified in the first round. 

Figure 5-17 shows the percentage distribution concerning the panellists’ agreement 

on the factors that could drive the use of VGI in land administration. Among these 

factors, ‘when there is almost no data’, ‘when data is incomplete’, and ‘when data is 

not updated’ achieved a median of ‘Strongly agree’, while the remaining factors 

gained a median of ‘Agree’. Their sCns values were between 0.72 and 0.88. 
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Figure 5-17: The Panellists’ Beliefs Regarding the Drivers of the Use of VGI in Land 

Administration 

According to the panellists’ responses in Round 1, the existence of enablers is 

another category of factors that could affect the use of VGI in land administration. In 

Round 1, ‘local knowledge’ and ‘citizens’ enablement with technological 

infrastructure’ were identified as enablers of VGI in land administration. In Round 

2, the panellists determined the level of their agreement with each enabler, as 

illustrated in Figure 5-18. Both of the identified enablers for utilising VGI in land 

administration achieved a median of ‘Agree’ with a sCns of 0.87. 

 

Figure 5-18: The Panellists’ Beliefs Regarding Enablers of Using VGI in Land Administration 

In Round 1, the panellists suggested that VGI could serve different functions in land 

administration. In other words, VGI can be used in land administration for different 

purposes, including ‘collecting RRRs’, ‘updating current RRRs’, ‘reviewing current 

RRRs to find any inconsistencies or mistakes’, ‘reporting any mistakes or errors in 

current information about RRRs’, ‘providing confirmation about questionable data 

related to RRRs’, and ‘using VGI at the conceptual or early planning stage’. All of the 

identified functions achieved a median of ‘Agree’ and sCns values between 0.75 and 

0.83. There is a remarkable consensus (around 90% of the panellists either ‘agreed’ 

or ‘strongly agreed’) concerning the use of VGI to report any mistakes or errors in 
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the current information about RRRs. ‘Reviewing the current RRRs to find any 

inconsistencies or mistakes’ and ‘providing confirmation about questionable data 

related to RRRs’ came in second place, as 84% of the panellists either ‘agreed’ or 

‘strongly agreed’ with these functions.  

 

Figure 5-19: The Panellists’ Beliefs Regarding the Functionalities of VGI in Land 

Administration 

The legal implications of using VGI in land administration were also considered by 

the panellists to be possible limitations inhibiting its use. However, the panellists 

provided some suggestions, from a legal perspective, in which there might be a good 

chance of using VGI in land administration. The panellists argued that VGI can be 

used for ‘collecting RRRs with minimal legal consequences’ or for ‘those RRRs that 

are not formally regulated’. They also said that ‘legislative conformity or willingness 

to change to support VGI’ could increase the possibility of using this approach in 

land administration. The panellists also argued that ‘compliance with authorities’ 

needs’ is an important factor that could influence the use of VGI in land 

administration. In Round 2, the panellists reached a consensus on the importance of 

these factors in the use of VGI in land administration. Figure 5-20 illustrates the 

percentage distribution of panellists’ agreement, with respect to each item. In total, 

all the items achieved the median of ‘Agree’, with the sCns values ranging between 

0.70 and 0.73. 
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Figure 5-20: The Panellists’ Beliefs Regarding the Legal Aspects of VGI in Land 

Administration 

The characteristics and requirements of land and property RRRs within different 

jurisdictions formed another category of factors. The panellists set out some 

characteristics for determining what types of land and property RRRs could be 

collected by means of VGI. For example, the data should be understandable and 

observable for contributors. All the suggested characteristics and requirements for 

land and property RRRs in Round 1 were presented to the panellists to determine 

their level of agreement on this issue. The percentage distributions of each response, 

from ‘Strongly disagree’ to ‘Strongly agree’ are illustrated in Figure 5-21. 

‘Identifiable objects’ and ‘physically observable objects’ achieved a median of 

‘Strongly agree’, while the remaining factors gained a median of ‘Agree’. The sCns 

values were between 0.77 and 0.86. 

 

Figure 5-21: The Panellists’ Beliefs Regarding the Land and Property RRR Characteristics 

and Requirements in Land Administration 

Furthermore, the panellists indicated some essential factors for a successful VGI 

initiative in land administration regarding the crowd’s nature and characteristics, 

including ‘determining the knowledge, skills, and experience of the crowd’, 

‘motivation of the crowd’, ‘considering local culture’, ‘definition and type of the 

crowd’, ‘determining the required contributing population’, and ‘considering the 
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political situation’. Figure 5-22 illustrates the percentage distribution of the 

panellists’ agreement on each crowd characteristic. ‘Determining the knowledge, 

skills, and experience of the crowd’, ‘motivation of the crowd’, ‘considering local 

culture’, and ‘definition and type of crowd’ achieved a median of ‘Agree’, and the 

remaining categories gained a median of ‘neither agree nor disagree’, as illustrated 

in Figure 5-21. The sCns values ranged between 0.67 and 0.80. 

 

Figure 5-22: The Panellists’ Beliefs Regarding the Crowd’s Characteristics and Requirements 

for Contributions to VGI in Land Administration 

The organisational aspects of VGI in land administration were also considered by 

the panellists. They argued that championing the VGI initiative in land 

administration and handling the data management procedures, IT support, and 

required funding for initiating a project are other factors that need to be considered 

in the process of applying VGI to land administration. There was a consensus that 

these types of factors have an important role in the implementation of VGI in land 

administration. Figure 5-23 illustrates the percentage distribution of each category 

of responses for the items. In total, all the identified organisational factors achieved 

a median of ‘Agree’ or ‘Strongly agree’, and the sCns values ranged between 0.78 and 

0.87. 
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Figure 5-23: The Panellists’ Beliefs Regarding the Organisational Aspects of Using VGI in 

Land Administration 

The technical issues that could affect the use of VGI in land administration, such as 

the ‘quality assurance process’, ‘standards’, and ‘tools’ were also considered by the 

panellists. Figure 5-24 illustrates the percentage distribution for each technical 

factor. There is a significant consensus among the panellists about the effect of these 

factors in the use of VGI in land administration. The ‘quality assurance process’ and 

developing requires ‘tools’ achieved a median of ‘Strongly agree’, with a sCns of 0.91. 

Developing ‘standards’ gained a median of ‘Agree’, with a sCns of 0.91.  

 

Figure 5-24: The Panellists’ Beliefs Regarding the Technical Issues Involved in Using VGI in 

Land Administration 

In summary, the results of this study show that the panellists reached a consensus 

that 95% of the factors identified in Round 1 have a certain influence in the use of 

crowdsourcing in land and property information and that they should therefore be 

considered in the process of utilising crowdsourcing in land administration. It is 

important to note that in Round 1, each panellist suggested several factors according 

to their own point of view; however, they agreed that other suggestions may be 

influential and should therefore be considered in the process of using 

crowdsourcing in land administration. Furthermore, an analysis of the responses 

shows that each factor had a sCns between 0.67 and 0.91. The majority of the factors 

identified in Round 1 (95%) received a sCns of more than 0.7, which is a remarkable 
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consensus. The percentage breakdown of the sCns for factors that could affect the 

possibility of VGI is presented in Figure 5-25. Generally, these statistical indicators 

show a high level of agreement on the identified factors among the panellists.  

 

Figure 5-25: Distribution of the Statistical Indicators for the Factors that Could Affect the Use 

of VGI in Land Administration 

5.5.3 Round 3: Weighting the Importance of the Factors 

In Round 2, the panellists reached a consensus on the most important factors that 

could affect the use of VGI in land and property data collection. In Round 3, the 

panellists were asked to rank the importance of each parameter compared with the 

other identified parameters using the AHP. The AHP is a structured technique for 

determining the importance of each parameter. It is a hierarchical pair comparison 

that concentrates on the comparison of only two criteria at a time, as discussed in 

Chapter 4.  

Prior to commencing this round, the hierarchical structure of the identified factors 

was developed as illustrated in Figure 5-26. The AHP model was used in order to 

weight the importance of these factors in a structured and hierarchical manner. 
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Figure 5-26: The Hierarchical Structure of the Identified Factors 

After collecting the panellists’ responses in Round 3, the comparison matrix for each 

of responses was formed. Subsequently, the consensus weight of each group of 

factors was achieved. Table 5-6 illustrates the results of the aggregation of the 

panellists’ responses in the form of a comparison matrix and the relative weights of 

the compared items. 

Table 5-6: Pairwise Comparison Matrix of the Factors  

  Drivers Enablers Functionality Legal 

aspects 

Relative 

weights 

Drivers 1.000 1.860 2.385 1.084 0.354 

Enablers 0.538 1.000 0.754 0.588 0.163 

Functionality 0.419 1.326 1.000 1.707 0.244 

Legal aspects 0.923 1.657 0.586 1.000 0.239 

As illustrated in Table 5-6, the importance of ‘drivers’ is 35.4%, ‘enablers’ is 16.3%, 

‘functionality’ is 24.4%, and ‘legal aspects’ is 23.9%. Consequently, ‘drivers’ is the 
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most important factor, followed by ‘functionality’, ‘legal aspects’, and ‘enablers’. 

Furthermore, it can also be concluded that ‘drivers’ is 2.2 times more important than 

‘enablers’ and 1.5 times more important than ‘functionality’ and ‘legal aspects’. 

 

Figure 5-27: Relative Importance of Each Group of Factors 

Apart from the relative weighting, the consistency of the panellists’ responses was 

checked by calculating the principal eigenvalue, as described in Chapter 4. The 

principal eigenvalue achieved in this study is 4.16 and the CI, which measures the 

degree of logical consistency among pairwise comparisons, is 0.054. Furthermore, 

the CR is 0.06, which is less than 0.1 (or 10%). Thus, the panellists’ subjective 

evaluation is consistent. 

Table 5-7 illustrates the results of the aggregation of the panellists’ responses in a 

comparison matrix and the relative weights of the compared items. 

Table 5-7: A Comparison Matrix Based on the Panellists’ Responses 

 Technical 
factors 

Crowd 
characteristics 

Organisational 
factors 

RRR 
characteristics 

Relative 
weights 

Technical 
factors 

1.000 0.889 1.016 1.099 0.249 

Crowd 
characteristics 

1.124 1.000 1.263 0.879 0.264 

Organisational 
factors 

0.984 0.792 1.000 1.012 0.235 

RRR 
characteristics 

0.910 1.138 0.988 1.000 0.252 
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As illustrated in Table 5-7, the importance levels of ‘technical factors’, ‘crowd 

characteristics’, ‘organisational factors’, and ‘RRR characteristics’ are not 

significantly different. Consequently, all of these aspects can be considered as 

equally important and should all be considered in the process of applying 

crowdsourcing to land and property data collection.  

 

Figure 5-28: Relative Importance of Each Group of Factors 

Apart from the relative weighting, the consistency of the panellists’ responses was 

checked by calculating the principal eigenvalue, as described in Chapter 4. The 

principal eigenvalue is 4.02 and the CI is 0.006. Furthermore, the CR is 0.006, which 

is less than 0.1 (or 10%). Thus, the panellists’ subjective evaluations are consistent. 

5.6 Potential Crowdsourced Land and Property Information  

Many different thoughts were given by the panellists on this issue. However, as 

discussed in Chapter 3, little is known about the potential types of land and property 

information that could be collected by citizens, and most of the discussions in prior 

studies were limited to the collection of land and property information related to 

ownership boundaries (Basiouka and Potsiou, 2012; Roberts et al., 2013; Dyli, 

2016). This section of the Delphi study was devoted to investigating and providing 

a list of potential land and property information types for crowdsourcing. 
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5.6.1 Round 1: Identifying the Potential Land and Property 

Information for Crowdsourcing 

In Round 1, the panellists’ responses concerning the types of land and property 

information that could be collected by a crowd vary from a limited range of 

information to almost all types of land and property information. A wide range of 

land and property information was suggested by the panellists in this round as 

illustrated in Figure 5-29. 

 

Figure 5-29: The Range of Panellist Responses Concerning the Potential RRRs that Might be 

Collected by Means of Crowdsourcing 

An initial list of potential land and property information was shaped by an analysis 

of the panellists’ responses in Round 1. Table 5-8 illustrates the list in the alphabetic 

order. The findings of Round 1 gave insight into the types of land and property 

information that could potentially be collected by means of crowdsourcing. It is 

important to mention that some of the suggested items refer to information related 

to land and property the recording of which the panellists believed would be helpful 

in order to deliver an effective and comprehensive land administration system. 

Some panellists also argued that having this information, which is not considered as 

RRRs, could add value to the current land administration system, especially when 

the information could be collected with minimal effort.  
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Table 5-8: An Initial List of Potential Types of Land and Property Information that Could be 

Collected by Means of Crowdsourcing 

Potential Types of Land and Property Information that Could be Collected by 
Means of Crowdsourcing 

Addressing 

Community assets (e.g. park benches, picnic facilities, park amenities, etc.) 

Environmental data (e.g. noise levels, air quality, air temperature, water quality, 
wildlife habitats, etc.) 

Erosion 

Evidence of boundaries on the ground (e.g. fences, hedges, survey markers, rock 
walls, etc.) 

Feature maps 

Flora and fauna 

Heritage rights 

Indigenous rights 

Information about the history of the location 

Information about the land use 

Information about the owner 

Information about the property or building (e.g. the number of floors, floor plans, 
etc.) 

Initial cadastre 

Internal infrastructures 

Land cover 

Opinions on planning decisions (e.g. for new shops, parks, and/or cultural 
facilities) 

Parcel boundaries 

Place names 

Points of interest (e.g. buildings) 
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Private agreement leases 

Public and private infrastructure  

The land’s sale/offer price 

Traditional ecological or indigenous knowledge 

Traffic restrictions 

Transport RRRs 

Visible and identifiable utilities that do not have formal easements 

Visible markers (e.g. stakes, survey pins, monuments, etc.) 

Weeds 

5.6.2 Round 2: Verifying the Provided Land and Property 

Information 

In Round 2, the panel members were provided with a list of suggested types of land 

and property information (Table 5-8) and were asked to determine to what extent 

they agree or disagree on whether such information can be collected by means of 

crowdsourcing. Figure 5-30 illustrates the percentage distribution of each category 

of responses for the items. ‘Points of interest’ and ‘community assets’ achieved a 

median of ‘Strongly agree’, and the sCns values were 0.92 and 0.93 respectively, 

which demonstrates a strong consensus. The remaining categories achieved a 

median of ‘Agree’, except ‘private agreement leases’, ‘parcel boundaries’, ‘heritage 

rights’, and ‘indigenous rights’, which achieved a median of ‘neither agree nor 

disagree’. 
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Figure 5-30: The Panellists’ Beliefs Regarding the Potential Land and Property RRRs that 

Could be Collected by Means of VGI 

The items that achieved a median of ‘Agree’ or ‘Strongly Agree’ were carried into the 

next round. The panellists reached a consensus that 82% of the items generated in 

the first round could be potential crowdsourced land and property information in 

the future of land administration systems.  

5.6.3 Round 3: Crowdsourced Land and Property Information 

in Land Administration Systems  

In Round 3, the panellists expressed their views on the data from Round 2. They 

considered how this data could be used in land administration and how the 

determined data is related to the management of land and property information. 

The panellists agreed that all the data from Round 1 was not directly related to land 
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and property information; rather, they considered that the availability of such data 

could be helpful in land and property management, especially if such data can be 

collected with minimal investment using the crowdsourcing approach. Figure 5-31 

shows how this information can support land administration functions. 

 

Figure 5-31: Potential Crowdsourced Land and Property Data to Support Land Administration 

Functions 

In addition, the panellists expressed their views on collecting land and property 

information by means of citizen efforts in three scenarios: (1) in a jurisdiction with 

a well-established cadastre system that fully supports the RRRs in direct relation to 

ownership rights (e.g. property boundaries and easements), (2) in a jurisdiction 

with incomplete cadastral coverage that could support RRRs in direct relation to 

ownership rights, (3) in a jurisdiction with no (or very few) records of land and 

property information.  The panellists agreed that 80%, 85%, and 95% of the land 

and property data identified in Round 2 can be collected by means of crowdsourcing 

with respect to the three provided scenarios.  

There is a strong consensus among the panellists about the use of crowdsourcing to 

build an initial cadastre in jurisdictions without or with limited records of land and 

property information. Furthermore, they also agree that this approach could also be 

used in jurisdictions with incomplete coverage to speed up the process of data 
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collection. This supports prior studies that have investigated the use of 

crowdsourcing in land administration to complete cadastral coverage. However, 

with respect to the other types of land and property information, this study found 

no significant differences between the provided scenarios. In other words, a 

consensus was achieved that the remaining determined land and property 

information can be collected by means of crowdsourcing regardless of the state of 

land administration development in a jurisdiction.  

The findings of this round also show that citizens can be involved in the process of 

collecting evidence concerning boundary and visible markers on the ground, such 

as fences, hedges, survey marks, and walls. According to the consensus among the 

panel members, citizens may collect and document the required information about 

visible boundary evidence. Furthermore, the results of this study show that it is 

possible to collect information about a property or a building by means of 

crowdsourcing. Furthermore, citizens could provide physical information such as 

the number of floors and floor plans. They could also provide information about 

internal infrastructure, such as the number of floors, indoor facilities, and amenities.  

The panellists agreed that collecting, editing, or confirming a place name can also be 

done by means of crowdsourcing. Furthermore, they agreed on the collection of 

transport RRRs by means of crowdsourcing. 

In addition to the initial cadastre, the panellists determined a wide range of 

information related to land and property that could be collected by means of 

crowdsourcing. For example, the panellists believed that citizens can collect 

information about visible and identifiable utilities that do not have formal 

easements. This information can be very helpful in terms of delivering a 

comprehensive land administration system. Crowdsourcing might be useful for 

collecting information about the sale or offer price for a piece of land or a property.  

Furthermore, this study has found that having a crowdsourcing platform for land 

and property information could also bring other opportunities, such as citizen ideas 

or opinions about planning decisions involving a specific location, such as opening a 

new shopping centre, a new park, new community facilities, or changing land use. In 

other words, crowdsourcing can be used not only for collecting or editing 
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information, it can also be used for collecting citizen opinions in the planning stages. 

This finding supports some examples of crowdsourcing in which people were asked 

for their ideas before a project began (Howe, 2006). 

Collecting information about the history of a location is another area in which 

crowdsourcing can be adopted. For example, Flickr used a crowdsourcing approach 

for identifying people in historical images. Having knowledge about the history of 

locations could open up new dimensions in future studies in many disciplines.  

Using citizen contributions for completing land and property addresses is another 

area on which the panellists agreed. The panellists also agreed that crowdsourcing 

could be used for collecting and updating information about land use and land cover. 

These results match those obtained in earlier studies. For example, Fritz et al. (2012) 

reported a successful example of adopting crowdsourcing for collecting land cover 

data.  

5.7 Chapter Summary  

For the first time, an international group of land administration and crowdsourcing 

experts have reached a consensus regarding some fundamental research questions, 

as presented in Chapter 3, through the conducted Delphi study. This chapter 

presents the results of this study in five sections. Sections 1 and 2 showed the 

consensus of the experts on the most appropriate term for and definition of the use 

of crowdsourcing in land administration. The findings of these sections showed that 

‘crowdsourced land and property information’ is the most appropriate term to refer 

to this phenomenon with the following definition: 

‘A phenomenon by which people voluntarily collect, update, review, organise, 

disseminate, and validate land and property information or data or assist in these 

processes by means of smartphones, mobile tools, the web, or any online services in 

such a manner that the information can be used by others to maintain, supplement, 

and improve existing data.’ 

Section 3 presented the parameters that can influence the choice of a spatial data 

collection method in land administration and should be considered in the process of 



155 

 

selecting a fit-for-purpose spatial data collection method. Overall, the Delphi study’s 

panel members agreed that no single parameter in itself is adequate for the selection 

of a data collection method. They agreed on the need for a combination of multiple 

parameters for such a selection, including ‘accuracy’, ‘reliability’, ‘completeness’, 

‘compliance with common standards’, ‘verifiability’, ‘time efficiency’, ‘affordability’, 

‘ease of implementation’, ‘open and transparent procedure’, ‘repeatability’, ‘data 

update mechanism’, ‘upgradability’, ‘metadata services’, and ‘data-sharing 

mechanism’. The scope of this study was limited to determining an agreed set of 

parameters. Further study is required for determining an agreed definition of each 

parameter.  

Section 4 considered the set of factors that are crucial for utilising crowdsourcing in 

land administration. The panellists achieved a remarkable consensus regarding 

several factors that could affect the use of crowdsourcing in land administration. 

The number and diversity of these factors imply that applying crowdsourcing in 

land administration required a comprehensive view. These findings have resulted 

in an awareness and understanding of a range of drivers and enablers that could 

facilitate the use of crowdsourcing in land administration. Consequently, they 

should be present for crowdsourcing to be used. Furthermore, this finding assists in 

the consideration of different functions of crowdsourcing projects in land 

administration, ranging from collecting land and property information to reporting 

issues related to land and property. It also provides insight into how legal 

frameworks could limit or support crowdsourcing in land administration. 

Furthermore, it helps in clearly understanding the opportunities and challenges 

associated with applying crowdsourcing in land administration by identifying the 

aspects that should be considered in the process thereof, such as ‘organisational 

aspects’, ‘social aspects’, ‘RRR characteristics’, and ‘technical aspects’. It is important 

to note that these aspects are not totally independent; rather, they influence each 

other. 

Finally, Section 5 presented a list of land and property information that could 

potentially be collected by means of voluntary citizen efforts. At the start of this 

study, the panellists had very diverse views about the types of land and property 



156 

 

information that could be collected by means of crowdsourcing, and their 

suggestions were not limited to the narrow paradigm of land administration centred 

on land tenure functions. In the following rounds of the Delphi study, the panellists 

reached a consensus with respect to what should be included in the list and what 

should be deleted therefrom. Overall, this section resulted in a wide range of land 

and property data that could potentially be collected by means of crowdsourcing, 

including visible and identifiable utilities, evidence of boundaries on the ground (e.g. 

fences, hedges, survey markers, rock walls, etc.), the land’s sale or offer price, 

environmental data (e.g. noise levels, air quality, air temperature, water quality, 

wildlife habitats, etc.), place names, land use, and land cover. 

The findings of this chapter will be incorporated into a generic framework for 

depicting the process of crowdsourcing for land administration purposes, 

particularly land and property data collection. The framework will be detailed in the 

next chapter. 
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CHAPTER 6 

FRAMEWORK FOR THE ADOPTION OF 

CROWDSOURCING IN LAND ADMINISTRATION: 

DESIGN AND DEVELOPMENT 

 

‘Every once in a while, a new technology, an old problem, 
and a big idea turn into an innovation.’ 
 

-DEAN KAMEN 
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6 Framework for the Adoption of Crowdsourcing 

in Land Administration: Design and 

Development 

 

6.1 Introduction 

The previous chapter presented the views of a group of international experts about 

crowdsourced land and property information. This chapter now integrates these 

findings into a framework that reflects the process of crowdsourcing for land 

administration purposes, particularly land and property data collection. As 

discussed in Chapter 4, the framework was developed using an iterative process. 

The preliminary version of the framework was formed according to the results of 

the first round of the Delphi study (the exploratory phase) and revised according to 

the results of the next rounds (the evaluation phase). This chapter begins by 

discussing the process of developing the framework and its scope. It then presents 

the developed framework and its components.  

6.2 Framework Development Process 

The consensus among the experts and the extensive literature review of land 

administration systems and crowdsourcing have provided a solid foundation for 

building a framework for the use of crowdsourcing in land administration. The 

results of the extensive literature review contribute to the determination of the 

issues and research gaps that need to be addressed in the use of crowdsourcing in 

land administration (Chapters 2 and 3). The Delphi study revealed the consensus 

among the experts with respect to the definition and scope of crowdsourcing in land 

administration; the parameters that should be considered in the process of selecting 

a data collection method in land administration; the factors that influence use of 

crowdsourcing in land administration; and the list of potential types of land and 

property information that can be collected by means of crowdsourcing as explained 
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in Chapter 5. These findings were integrated to compile a framework that 

demonstrates when and how crowdsourcing can be used in land administration. It 

also presents the process of selecting a fit-for-purpose data collection method as the 

philosophy behind the use of crowdsourcing in land administration. 

6.3 The Scope of the Framework  

The purpose of the framework is to simplify and assist stakeholders and 

decisionmakers in land administration by sharing information about how to select 

a fit-for-purpose data collection method and the adoption of crowdsourcing in land 

administration in general. 

For the purpose of this framework, the term ‘crowdsourced land and property 

information’ has been defined as ‘a phenomenon by which people voluntarily 

collect, update, review, organise, disseminate, and validate land and property 

information or data or assist in these processes by means of smartphones, mobile 

tools, the web, or any online services in such a manner that the information can be 

used by others to maintain, supplement, or improve existing data’. Readers are 

referred to Chapter 5, Section 5.3 for a detailed explanation of how this definition as 

formulated.  

It should be noted that this framework only provides a general cross-jurisdictional 

view based mainly on the collective perspective of a group of international experts 

achieved by means of the Delphi study employed in this research as a starting point 

for the adoption of crowdsourcing in land administration. It is highly likely that 

additional parameters and elements, perhaps even completely new items are 

needed for a specific country or region as well as a specific type of land and property 

data.  

6.4 Framework for the Adoption of Crowdsourcing in Land 

Administration  

The framework for the use of crowdsourcing in land administration is illustrated in 

Figure 6-1. The framework consists of two main components: selecting a fit-for-
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purpose data collection method and implementing the crowdsourcing practice in 

the land administration domain.  

 

Figure 6-1: Framework for the Adoption of Crowdsourcing in Land Administration 

The selection of a fit-for-purpose data collection method is the foundation of the use 

of crowdsourcing in land administration. The use of the term ‘fit-for-purpose’ in this 

context implies that each data collection method has its own characteristics and 

requirements. Therefore, it may not be sustainable for all jurisdictions because 

different jurisdictions are at different stages of development and currently face 

different types of land issues. Thus, a data collection method should be chosen to 

according to the current land issues facing the relevant jurisdiction. Choosing a fit-
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for-purpose data collection method necessitates that the process of data collection 

should be started by analysing and defining the purposes of the data collection and 

only then deciding on the suitable data collection method for meeting that purpose. 

Crowdsourcing could be a fit-for-purpose data collection method in land 

administration according to the parameters of this component, which is discussed 

in further detail in section 6.4.1. 

The second component of the framework considers how and when crowdsourcing 

can be used for land administration purposes. This component provides the 

elements that need considered within a context in order to determine when 

crowdsourcing can be used (e.g. drivers and enablers) and what areas should be 

addressed in the implementation of crowdsourcing (e.g. technical development). 

This component of the framework is detailed in section 6.4.1.1. 

6.4.1 Selecting a Fit-for-Purpose Data Collection Method 

Selecting a fit-for-purpose data collection method is similar to many real-life 

decision-making situations, and there is no single correct solution for everyone. It is 

a complex process and involves making trade-offs between multiple, often 

conflicting, parameters. For example, one trade-off requires striking a balance 

between the accuracy of the collected data and the cost of the data collection 

process. Similar conflicts arise due to considerations of the long-term post-

collection parameters, such as the updating or sharing mechanisms. Various 

satisfactory data collection methods are possible for different jurisdictions.  

The list of parameters that should be considered in the choice of a data collection 

method was presented in Chapter 5, section 5.4. Structuring these parameters 

properly and considering these multiple parameters could lead to a better decision 

in terms of selecting a data collection method. The findings have been interpreted to 

refer to three main areas of consideration. Firstly, some of the parameters are 

related to the data (e.g. accuracy and completeness); secondly, some appear to be 

relevant to the collection process itself (e.g. the affordability of a method); and 

finally, others are specifically related to either short-term or long-term post-data 

collection considerations, e.g. sharing mechanisms, discoverability, and 
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upgradability. Therefore, the choice of a fit-for-purpose data collection method is 

likely predicated on a jurisdiction’s specific requirements in these three areas and 

their relevant parameters.  

Therefore, this component presents three sets of parameters that could affect the 

choice of a data collection method, as illustrated in Figure 6-2: the data parameters, 

the collection parameters, and the post-collection parameters. These parameters 

are detailed in subsequent sections. 

 

 

Figure 6-2: Selecting a Fit-for-Purpose Data Collection Method in Land Administration 

6.4.1.1 Data Parameters  

The data parameters determine the characteristics of 

the land and property data that is collected. Three 

parameters relevant to the data emerged from this 

study: ‘accuracy’, ‘reliability’, and ‘completeness’. These parameters are also known 

as data quality parameters, which represent the characteristics of the collected data. 

The consideration of accuracy as a parameter for selecting a data collection method 

has a long history in land administration. Because there are always limitations in 
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resources, overemphasis of this solo parameter (accuracy) is the main cause of 

incompleteness in land and property data around the world (Enemark et al., 2016). 

However, this study has determined a comprehensive list of parameters for the 

selection of a data collection method. Furthermore, as discussed in section 5.4.3, 

there are slight differences between the levels of importance of the determined 

parameters. In the context of data parameters, the ‘reliability’ of data, with an 

importance level of 7 out of 8, is more important than the ‘accuracy’ and 

‘completeness’ thereof, with an importance level of 6.1. Consequently, the reliability 

of the collected data is one of the most important parameters in the choice of a data 

collection method. 

6.4.1.2 Collection Parameters 

Land and property data is the product of a data 

collection process, and the manner in which this 

process is performed clearly has certain implications, 

such as its cost or timeframe. The panellists agreed 

that the cost of a data collection project needs to be ‘affordable’ and that this 

affordability should be determined with respect to the available budget. This finding 

demonstrates the importance of an affordable data collection method. The cost of 

data collection could vary significantly among the different methods. For example, 

the use of imagery for parcel delineation is three times cheaper than field surveys in 

rural areas and around five times cheaper in urban areas (Enemark et al., 2014). In 

addition, mapping methods that use imagery provide a spatial framework as well as 

information on the general land use, buildings, and infrastructure, which is essential 

for the planning and land development functions of land administration systems. 

‘Time efficiency’ is another parameter that was considered as important by the 

panellists in line with prior studies. Data collection is a time-consuming (and hence, 

expensive) process. Therefore, the required time for its completion is another 

critical parameter. For example, former practices in the Omusati region in Namibia 

have demonstrated that an average of five parcels per day can be mapped using GPS. 

However, by using orthophotos, a survey can capture an average of over 40 parcels 
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per day(Enemark, 2013).  At the present rate of land and property data collection, 

to support the land tenure functions of land administration systems, it would take 

centuries to achieve complete coverage in a large number of countries. Therefore, 

crosschecking the timeframe that is required for the data collection project with the 

time efficiency of a data collection method is another consideration that must be 

made. 

‘Ease of implementation’, or the availability of the required tools and professionals 

and ease of access to the method, is another parameter that could influence the use 

of a particular data collection method according to the results of this study. For 

instance, a lack of land survey professionals might limit the use of field surveying as 

a data collection method. Furthermore, there is a high level of consensus among the 

panellists about the importance of ‘verification’. They believed that the data 

collected using a certain method should be verified, for example, by means of 

inspection by independent third parties and that the data should be recoverable by 

third parties. Therefore, ‘verifiability’ is another parameter that should be 

considered.  

6.4.1.3 Post-collection Parameters 

The other parameters are related to the long-term use 

of the data once it has been collected, which should be 

considered in the selection of the data collection 

method. The findings of the current study endorse the 

idea that collecting land and property data is not a once-in-a-lifetime process; 

rather, it should be recognised as ongoing work. Therefore, parameters such as 

‘upgradability over time’, ‘data update mechanisms’, ‘sharing mechanisms’, and 

‘metadata services’ should also be considered when choosing a data collection 

method. 

Typically, after the completion of a data collection project, the emphasis shifts to the 

data updating mechanism. Data updates should be conducted at intervals that are 

sufficiently frequent for fulfilling land policy aims and objectives in a particular 

jurisdiction. Without considering this parameter, the efforts in collecting the data 
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are easily wasted over a relatively short time period. The data collection method 

should ensure that any new boundaries related to land and property RRRs or 

changes to existing boundaries are captured in the defined timeframe. Over the 

lifetime of land and property data, keeping the data updated is often a far more 

expensive and complex activity than the initial data collection project. This is due to 

the many update transactions in land administration systems (e.g. changes in land 

parcel ownership or new subdivision plans).  

In the conducted study, the panellists agreed that ‘upgradability over time’ is a 

crucial parameter (with an importance level of 6.8 out of 8; Chapter 5). Although a 

data collection method should initially meet the current needs of society, it should 

have the capability to be upgraded over time in response to changes that emerge in 

the long term, such as economic development, changing social needs, and financial 

opportunities. The potential for upgrades should be considered when choosing a 

data collection method in order to provide the most comprehensive land and 

property information whenever it is needed for specific purposes, such as land use 

and development activities. This result further supports the presented principle of 

a fit-for-purpose spatial framework, as explained by Enemark et al. (2016). 

The existence of ‘metadata services’ is another parameter that should be considered 

when choosing a data collection method. A large amount of data can be considered 

as land and property RRRs. Therefore, an important task is to ensure that suitable 

documentation is available to those needing to access it or wanting to access it. The 

challenge for the potential land and property data user is first to discover the data. 

Land and property data in many cases lacks proper metadata and other 

documentation. Metadata plays a significant role in helping users assess the fitness 

of land and property data for a specific use (Olfat, Rajabifard, & Kalantari, 2010). 

However, the method of collection and updating the metadata is another area that 

needs to be considered. Metadata should be maintained in accordance with a 

jurisdiction’s requirements as well as metadata standards.  

The ‘data-sharing mechanism’ is another parameter identified in this study. The 

requirements for sharing data vary widely across different jurisdictions. For 

example, one of the panellists asserted that ‘in some countries, gathering data 
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connected to land and property is a very sensitive matter. [In some places], the 

property ownership data is only [accessible] for legal persons and [is] also only 

handled by land administration offices’. Therefore, having an appropriate data-

sharing mechanism for a particular jurisdiction is one of the most important 

parameters in the long-term use of data.  

Given the role of the data parameters, the collection parameters, and the post-

collection parameters in the selection of a data collection method, the requirements 

of a jurisdiction need to be considered in the context thereof. 

6.4.1.4 Understanding and Determining a Jurisdiction’s Requirements  

An understanding of current land issues as well as land policy objectives in each 

jurisdiction, is a vital step in choosing a data collection method. There is a strong 

consensus among the panellists that understanding a jurisdiction’s requirements 

with respect to the determined parameters has a vital role in the process of selecting 

a fit-for-purpose data collection method. Stakeholders are required to clearly 

determine the requirements of a jurisdiction as either over- or underestimation of 

the requirements could result in the wrong choice of data collection method. The 

parameters identified by means of the current study can facilitate the process of 

understanding and determining the requirements of a particular area or region. In 

order to do so, the questions posed in Table 6-1 should be answered by stakeholders 

and decisionmakers in land administration. 
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Table 6-1. Critical Questions for Determining the Requirements of a Specific Jurisdiction  

Determining a jurisdiction’s requirements 

Data parameters Collection parameters Post-collection parameters 

• How accurate and reliable 
should the type of land 
and property RRRs be for 
managing current land 
issues? 

• How complete should this 
type of land and property 
RRRs be? 

• What is the timeframe for 
collecting this type of land and 
property data? 

• What is the available budget for 
the data collection project? 

• Does the data collection process 
need to be repeated? 

• What forms of data collection 
methods are accessible in your 
area of interest? 

• How important to the data 
collection project is an open and 
transparent procedure in the 
process of data collection? 

• Could this type of land and 
property data be collected 
as a one-off project? 

• When should the collected 
data be updated? 

• What is the strategy for 
metadata services? 

• What is the strategy for 
data-sharing? 

 

Following the determination of the jurisdiction’s requirements according to these 

parameters, the use of alternative data collection methods should also be 

determined with reference thereto. 

6.4.1.5 Measuring the Performance of Alternative Data Collection Methods 

Measuring the performance of alternative data collection methods is another step in 

choosing a fit-for-purpose data collection method. The performance of the 

alternative data collection method concerning each of the parameters should be 

evaluated. It is important to note that data on the alternative methods’ performance 

concerning each of the parameters can be gathered in various ways, ranging from 

standard evidence synthesis techniques (e.g. systematic reviews and meta-analysis) 

to the elicitation of expert opinions in the absence of harder data. In order to 

evaluate the performance of alternative data collection methods, similar questions 

to those enumerated in Table 6-2 should be addressed by stakeholders and 

decisionmakers in land administration. These questions are driven by the identified 

parameters. 
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Table 6-2. Critical Questions for Evaluating the Capability of a Data Collection Method  

Capability of a data collection method 

Data parameters Collection parameters Post-collection parameters 

• What is the accuracy, 
completeness, and 
reliability of the data 
collected using this 
method? 

 

• How long will it take to complete 
the data collection project using 
this method? 

• What is the cost of this data 
collection method? 

• Is this data collection method 
repeatable? What is the cost of 
repeating the process? 

• Is the data collected using 
this method in compliance 
with the standards in the 
relevant jurisdiction? 

• Is this method upgradable 
over time? 

• What is the update 
mechanism for this 
method?  

• Does the entire process 
need to be repeated, or it is 
capable of updating the 
area that has been 
changed? 

Comparing the performance of alternative data collection methods according to a 

specific jurisdiction’s requirements will enable the identification of a suitable data 

collection method for that jurisdiction from the available options. This comparison 

could help stakeholders to clearly understand the benefits and limitations of 

alternative data collection methods according to the identified parameters. More 

importantly, it could provide a clear understanding about what they could achieve 

and what they forgo in the selection of a specific data collection method. It also helps 

to avoid the use of inappropriate data collection methods.  

Including all alternative data collection methods is critical in the process of selecting 

a fit-for-purpose data collection method. Ignoring a data collection method (e.g. 

crowdsourcing) or over-emphasising a well-established one (e.g. field surveying), 

could result in the wrong choice and may generate bias in the results. Not including 

all the options is more likely to occur as each domain has its preferred set of data 

collection methods, including land administration. For instance, for a long time, the 

field survey technique has been extensively used in land administration. Therefore, 

there is sufficient knowledge about its benefits and limitations. On the other hand, 

new data collection methods, such as crowdsourcing, are not well recognised. 

Inadequate understanding of the advantages and risks associated with such 



172 

 

methods might inhibit the use of this method. Therefore, the following component 

of the framework provides an explicit explanation of how and when crowdsourcing 

and its associated aspects can be applied to land administration in order to raise 

awareness of the method.  

It is important to mention that crowdsourcing is not the ultimate solution nor the 

best option for every challenge faced by land administration systems in terms of 

data collection. Crowdsourcing is an option for land and property data collection, 

and its fitness should be examined according to the provided parameters. The next 

component of the framework presents the specific requirements for the use of 

crowdsourcing as a data collection method in land administration in the planning 

and implementation phases.  

6.4.2 The Use of Crowdsourcing in Land Administration 

A crowdsourcing project for land administration purposes does not take place in 

isolation. As discussed in Chapter 5, section 5.5, such a project is subject to positive 

and negative influences from many directions. For example, a lack of financial 

resources in a jurisdiction can drive the use of crowdsourcing, while liability for 

faulty information may limit its application. This component of the framework 

demonstrates the areas that need specific commitment and investment in response 

to how and when crowdsourcing can be used for land administration purposes, as 

illustrated in Figure 6-3.  
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Figure 6-3: The use of crowdsourcing for land administration purposes 

As illustrated in Figure 6-3, several factors form the foundation for determining 

when crowdsourcing could be a potential solution for land administration purposes. 

For example, ‘drivers’ and ‘enablers’ are the two most important factors specifying 

the use of crowdsourcing for land administration purposes and when it can be used. 

In other words, drivers and enablers can be considered as necessary preconditions 

for the use of crowdsourcing. Additionally, as discussed in Chapter 5, crowdsourcing 

can have a range of functions in land and property data collection, such as collecting, 

editing, and reviewing land and property information. Each of these functions has 

its own requirements and consequences from a legal point of view in each 

jurisdiction. Therefore, as illustrated in Figure 6-4, drivers, functions, enablers, and 

the legal framework should be investigated in order to determine when and in what 

circumstances crowdsourcing can be used in land and property data collection 

within a particular jurisdiction. Evaluating and assessing these four main areas 

could provide an understanding of the feasibility of crowdsourcing in land 

administration in a particular jurisdiction.  
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Figure 6-4 : Crowdsourcing in Land Administration: When? 

Additionally, how to implement crowdsourcing in land administration is another 

area presented in the framework (Figure 6-3). Implementation of crowdsourcing in 

land administration domain requires new thinking concerning all requirements. For 

the effective initiation of a crowdsourcing project for land administration purposes, 

it is vital to understand and manage all the aspects that either facilitate or hinder 

the success of a project. As the findings of this study show, four areas should be 

addressed in the process of implementation (Figure 6-5): institutional aspects, 

social aspects, land and property characteristics, and technical developments. The 

following subsections explain all the elements of the presented framework in detail. 
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Figure 6-5: Crowdsourcing in land administration: How? 

6.4.2.1  Drivers of the Use of Crowdsourcing in Land Administration 

The drivers of the use of crowdsourcing should be 

determined within a context in order to justify the 

project and determining the project aim and 

objectives. For example, in a study conducted in 

Lefkada, Greece, the absence of authoritative cadastre 

data was the main driver for the use of crowdsourcing. 

Consequently, the collection of cadastral data (e.g. parcel delineation and related 

information) was considered the aim of a crowdsourcing project (Basiouka & 

Potsiou, 2012). In another crowdsourced project conducted in Vienna, Austria, the 

aim of project was to map the land use and land cover pattern by local citizens due 

to a lack of such data and the necessity for an updated version of land use and land 

cover data (Arsanjani et al., 2013). Understanding the jurisdictional drivers and 

translating them into the project aim is useful for everybody involved in the 
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crowdsourcing project to really understand the aim thereof, what is expected to be 

done, and what the outcome of project ought to be.  

As the results of this study suggest (section 5.5), a lack of land and property data 

along with a lack of resources could effectively drive the use of crowdsourcing. For 

instance, the consensus of the experts in this study shows that there is a great 

potential for applying crowdsourcing ‘when land and property data is incomplete or 

out of date’, ‘when there is almost no data related to land and property’, ‘when lack 

of quality is blocking further progress in land administration’, ‘when there are 

budgetary limitations’, and ‘when there is a short timeframe for collecting land and 

property data’.  

It is interesting to see that lack of resources is normally recognised as a barrier to 

data collection projects, but in the case of crowdsourcing, it acts as a driver. This is 

mainly because crowdsourcing is a well-acknowledged approach in terms of its 

quick and low-cost nature. Therefore, when there is a lack of resources, 

crowdsourcing could be a potential solution. 

In addition to the lack of data and resources, community expectations could also 

drive the use of crowdsourcing in land administration. As the findings of this study 

show, crowdsourcing can be a potential solution ‘when there is pressure from the 

community to be informed about any sort of land and property data’ that does not 

exist in the current land administration system. For example, the community might 

expect to be informed about the neighbourhood noise level as they believe the noise 

level has a specific meaning in their life. If the community has some sort of 

expectations about or interests in the availability of certain data related to land and 

property, there is more of a chance that they will be interested in participating and 

collecting such data in a crowdsourcing project. 

To sum up, identifying and monitoring the key drivers of crowdsourcing within a 

jurisdiction are the most important factors for boosting the adoption of 

crowdsourcing in land administration (refer to section 5.5.3 and Figure 5.27).  
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6.4.2.2 Functions of Crowdsourcing in Land Administration  

Crowdsourcing could have a range of functions in land 

and property data collection, as discussed in section 

5.5, such as collecting land and property information, 

updating such information, reviewing it to identify 

any inconsistencies or mistakes, reporting any 

mistakes or errors in current land and property 

information, and providing confirmation for 

questionable data related to land and property. In addition, crowdsourcing can be 

used ‘at the conceptual or early planning stage’ to obtain citizens’ opinions. 

The expected outcomes of crowdsourcing are important considerations in the use 

of this approach, as all the functions mentioned above have their own requirements 

and consequences. The functions of crowdsourcing in a jurisdiction are in direct 

relation to the drivers of the crowdsourcing project. For example, if lack of land and 

property data is the main driver of the use of crowdsourcing in a specific 

jurisdiction, the collection of land and property data is the main function of the 

crowdsourcing project. Being specific and clear about the function of crowdsourcing 

in the land administration system is an important factor that influences other factors 

in both the planning and implementation phases. For example, as the panellists of 

this study explained, there are huge differences between using crowd contributions 

in the process of data collection and in the process of reporting any mistakes or 

errors in current land and property information. These differences could arise in 

any aspect of the project. Therefore, the function of the crowdsourcing, or in other 

words, the expected outcomes of the crowdsourcing, should be clearly determined.  
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6.4.2.3 Investigating and Developing the Enablers of Crowdsourcing in Land 

Administration 

Enablers are the capabilities and resources that 

contribute to initiating a crowdsourcing project as 

well as its success within a jurisdiction. As discussed 

in section 5.5, there was a strong consensus (90%) 

among the panellists that the existence of 

‘technological infrastructure’ in a particular area and 

availability of ‘local knowledge’ about certain land and 

property information are the most important enablers for adopting crowdsourcing 

in land administration. Enablers act as complements to the drivers. They focus on 

the elements that allow a crowdsourcing project to be operational. Enablers provide 

the lifeblood that a crowdsourcing initiative requires to begin and continue to 

operate long enough to make a difference in the land administration system.  

Local knowledge of the contributors underlies any crowdsourcing project, and the 

level of local knowledge has a strong influence on the adoption of crowdsourcing. 

Leveraging local knowledge could facilitate the process of adoption of 

crowdsourcing and its success. For example, in a mapping project conducted in 

South Sudan, a series of workshops was held to train volunteers to work individually 

on aerial imagery digitisation. Consequently, a significant amount of digitising work 

was completed in a short time by trained volunteers. Furthermore, those who took 

part in the training sessions inspired others to participate in the digitising project 

(Haklay et al., 2014).  

Furthermore, crowdsourcing requires contributors who have the necessary 

technology (e.g. the Internet, social media, and a smartphone). The rise of Web 2.0, 

GPS, smartphones, and affordable Internet connections at any place provides a 

strong basis for any crowdsourcing project. Technology has made it possible to 

reach a global pool of resources, skills, and creativity, available at almost any time 

of the day at the click of a button. However, the development and accessibility of 

such technological infrastructure (e.g. the level of mobile phone ownership, 
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households with Internet access, and social media contributions) vary among 

jurisdictions, and in a case of non-existence, they could turn into limiting constraints 

for crowdsourcing projects. Therefore, the technological infrastructure and level of 

local knowledge about certain land and property information are crucial for the 

adoption of crowdsourcing in a particular jurisdiction, and if they are limited in 

quantity or quality, the likelihood of succeeding in the crowdsourcing project is 

limited. Empowering communities to participate in a crowdsourcing project should 

be done according to the expected outcomes thereof.  

6.4.2.4 Legal Aspects of Crowdsourcing in Land Administration  

Legislation provides a foundation for a certain range 

of land and property information. As the findings of 

this study show, legal issues associated with the 

collection and use of data by means of citizen efforts 

more likely act as constraints and might hold 

crowdsourcing initiatives back in some cases. For 

example, one of the panellists said, ‘the legal factor is 

a risk’. Consequently, the consensus of the experts indicates that the legal issues 

associated with crowdsourcing should be managed properly, otherwise this 

constraint might destroy the crowdsourcing initiative before it is allowed to realise 

its potential.  

A variety of laws, regulations, and agreements can create different types of land and 

property RRRs. in response to these laws, regulations, and agreements, different 

methods of data collection can be used. The panellists of the Delphi study explained 

that compliance with legislation needs is an important factor that could affect the 

use of crowdsourcing in land administration. If legislation or the ones how created 

these RRRs recognises crowdsourcing as an acceptable source of data, there is a 

good chance of initiating a crowdsourcing project in land administration.  

Furthermore, the findings of this study show that there is a good chance for 

collecting those ‘RRRs with limited legal consequences’. In other words, 

crowdsourcing can be seen as an indicative rather than a hard-edged legislative or 
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definitive source of information in land administration. However, there is still room 

for crowdsourced land and property data in terms of providing the earlier form of 

strong legal RRRs, such as land tenure data. Furthermore, crowdsourcing can be 

used for the collection of RRRs related to land and property that are not regulated 

within legislation; rather, they have been accepted by communities for a long time.  

The legal aspects of crowdsourcing might act as limiting factors restricting the 

ability of a crowdsourcing initiative to realise its goals and objectives. However, as 

the findings of this study have suggested, in situations in which legislation or 

regulations have been changed or willing to change in favour of crowdsourcing, 

there is a good chance that crowdsourcing will be used in land administration. A 

legal framework that provides security in all ways could also lead to long-term 

benefits in utilising crowdsourcing in land administration. It also should be 

considered that in some cases, it might be necessary to draft new legislation to 

support crowdsourcing in land and property data collection. 

As discussed above, evaluating and assessing the four main steps (drivers, functions, 

enablers, and legal aspects) can provide an understanding of crowdsourcing in land 

and property information. However, implementation of this approach requires 

more investigation and is discussed in the context of the next component of the 

framework. 

6.4.2.5 Institutional Aspects  

The implementation of crowdsourcing in land administration implies the existence 

of a new relationship between governments and citizens (Laarakker & de Vries, 

2011). Citizens in crowdsourcing projects are not passive users. They can actively 

be engaged in the production, sharing, and use of spatial information. However, as 

the results of this study show, the management of and support for such projects 

need an institution or foundation (refer to section 5.5). Such a foundation would be 

responsible for managing, structuring, and maintaining the implementation process 

of land and property data collection by means of crowdsourcing (top-down), and 

citizens are involved in the process of data collection (bottom-up), as illustrated in 

Figure 6-6.  
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Figure 6-6: The Top-down and Bottom-up Processes in the Adoption of Crowdsourcing 

This foundation could be a government body, non-profit organisation (e.g. 

OpenStreetMap), or a private company (e.g. WikiMapia) or a combination thereof, 

as illustrated in Figure 6-7. The crowdsourcing foundation would have a critical role 

in the crowdsourcing data collection project, and more importantly, the outcome of 

such a project is strongly related to the vision of the founders of the organisation 

and their strategy. The foundation would have a certain influence in almost 

everything related to the crowdsourcing project. For example, they would have a 

significant role in guiding citizens in completing the task (e.g. collecting specific land 

and property information) and making sure that the outcomes comply with the 

project’s aim and objectives. Therefore, the involvement of authorities who have 

responsibilities concerning land and property information in establishing such a 

foundation could ensure that the initiative is defined and run in such a way that it is 

in line with their needs and interests. In short, establishing an organisation for a 

crowdsourcing project is crucial, and the rest of the process will be carried out 

through this foundation. 
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Figure 6-7: Institutional Aspects in the Adoption of Crowdsourcing 

As illustrated in Figure 6-7, the foundation should define the strategic plan for the 

crowdsourcing project, including its vision and scope as well as the required 

applications, tools, and quality assurance procedures. The institution would be 

responsible for translating the high-level goal of the project into specific tasks that 

can be presented to the crowd. This raises several important questions: what will 

the crowd see? How would one create an easy-to-understand description of the task 

at hand? What kind of contributions are expected? How could the contributors be 

motivated to contribute to the process? What are the data management procedures? 

How can the data be stored, presented, and used? 

Furthermore, during the initiation and planning phases, it is important to consider 

the individuals inside and outside of the land administration agency who can aid or 

impede the project due to their attitude toward the project and their related action 

(or inaction). Working with these people and planning for appropriate 

communication with them during the project could significantly facilitate the 

process of initiating a crowdsourced project in a particular jurisdiction. The 

initiation of VGI will bring a new culture into an organisation that may gradually 

change the way of thinking about engagement and the role that citizens could play 

in improving the land administration system. However, this might bring several 

internal obstacles and challenges in land administration agencies. These challenges 

need to be addressed or overcome in the implementation phase of the 

crowdsourcing initiative.  
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6.4.2.6 Land and Property Characteristics  

Another area for consideration in the adoption of 

crowdsourcing involves the characteristics of the 

desired land and property information. As the findings 

of this study show, land and property information 

with a specific set of characteristics lends itself to 

crowdsourcing. As the panellists of the Delphi study 

agreed, the data collection tasks should be defined in such a way that all contributors 

have the same understanding thereof, as citizens with different understandings and 

interpretations thereof might collect different data. Therefore, providing an easy-to-

understand description of the desired land and property data RRRs is important. 

Furthermore, the collection of land and property information that is identifiable, 

understandable, measurable, and physically observable is much more convenient 

for contributors compare to the ones that do not have these characteristics. 

 

Figure 6-8: Land and Property Characteristics in the Adoption of Crowdsourcing  

For example, contributors can collect the spatial extent of physical and identifiable 

objects considerably easier (e.g. walls and fences) than fuzzy and descriptive 

objects. Furthermore, in the case that measurements are required, data can be 

measurable by volunteers, with minimum analysis involved. For example, citizens 

could measure noise levels by using a smartphone sound measurement application 

and could also measure the position by using the GPS embedded in that smartphone. 

It is important to consider how the crowd sees the data collection process and how 
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they could contribute to it. Breaking down the project into tasks that are 

understandable for contributors, with minimum interpretation involved, could 

facilitate the process of data collection. 

6.4.2.7 Social Aspects 

Citizen contributions are central to any 

crowdsourcing initiative, and there is a close 

relationship between the citizens and the founder of 

the crowdsourcing project. It is critical to view citizens 

as partners in the crowdsourcing initiative and use 

their assistance as much as possible, as they are 

heavily involved in the process of generating information. As the findings of this 

study show, ‘definition and type of crowd’, ‘knowledge, skills, and experience of 

crowds’, ‘motivation of crowds’, and ‘local culture’ influence the use of 

crowdsourcing in land administration and should be studied in the process of 

applying crowdsourcing to land administration, as illustrated in Figure 6-9. 

 

Figure 6-9: Social Aspects of the Adoption of Crowdsourcing  

Citizen contributions have a significant role in the success and outcome of a 

crowdsourcing project. It is critical to consider the best way to encourage the target 

groups of crowds to participate in the project. Furthermore, it is also important to 

structure the contributors to achieve the best results. Setting some criteria for 

participation (e.g. living in a specific area) could significantly help in involving the 

right contributors. Furthermore, the knowledge and skills of contributors are 

important. For example, some tasks, such as issue reporting, may not require any 

specific expertise from the participant; however, there may often be cases in which 
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data and information are needed from a group with specific expertise or purposes; 

in such cases, the project should be limited to the group of people with the specific 

expertise. The more skilful and capable the contributors are, the less effort required 

to make a meaningful contribution to the project. 

Considering local culture is another important area in the use of crowdsourcing in 

land administration with reference to the findings of the Delphi study. Hence, the 

local social structures and culture are so deeply embedded in the behaviour of local 

people that they also affect how they see voluntary registration and the mapping of 

local RRRs.  

A successful strategy for a crowdsourcing initiative is to engage the local population 

by developing culturally appropriate procedures. Furthermore, their needs, 

aspirations, motivations, and incentives in the crowdsourcing initiative should be 

considered when developing the crowdsourcing initiative. Citizens could have a 

range of incentives and motivations concerning different types of land and property 

RRRs within a specific jurisdiction. Understanding their interests and motivations 

could lead to the establishment of an appropriate engaging mechanism throughout 

the life of a project. It is important to note that the engaging mechanism should be 

tailored according to the specific jurisdiction’s requirements and culture to increase 

the number of contributors and more importantly, to involve the most effective 

collaborators.  

6.4.2.8 Technical Developments 

Technical developments also require consideration 

in the process of applying crowdsourcing to land 

administration. All of the strategies designed by 

founders of crowdsourcing projects in land 

administration must be implemented in the form of a 

mobile application (app). In other words, the general 

goal of a project should be translated into specific 

tasks in which citizens are invited to participate. Therefore, such apps should have 

a range of different functions in response to the crowdsourcing funders’ 



186 

 

requirements. The apps act as an interactive means of communication with citizens. 

If people do not understand how to use the app, they will not use it. Well-designed 

and optimally operational apps, websites, and tools without the need for training 

and assistance could have a significant role in encouraging people to contribute to 

the project and consequently to the outcome thereof.  

 

Figure 6-10: Technical Aspects of the Adoption of Crowdsourcing  

Standardisation is another step that is important according to the findings of the 

Delphi study. It includes the standardisation of the collected data and the 

standardisation of the associated process. Nowadays, many crowdsourcing projects 

are working independently without considering how the collected data can be 

shared or exchanged between them. It seems that data sharing between 

crowdsourced platform is an unsolved problem. Furthermore, compliance of the 

data collected by means of the crowdsourcing project with the data that is already 

available or known standards is another area that need to be considered. This is 

important when the crowdsourced data is intended to be integrated into the current 

land and property information. It also important to note that some studies have 

aimed to establish protocols and standards for crowdsourcing data in general 

(Mooney, 2016), which can be customised for land administration. The other issue 

is the standardisation of the associated process, such as data collection, edits, 

reviews, and updates. Dealing with the inconsistency, spatial bias, and temporal bias 

that might occur and how to resolve disagreements are other issues that must be 

considered.  
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Establishing proper quality assurance procedures is one of the most important 

components of implementing a crowdsourcing initiative in land administration, and 

there is a remarkable consensus among the panellists in this regard. As they argued, 

the reliability of the outcomes of any crowdsourcing project highly depend on the 

quality assurance procedures. It is important to note that developing a proper 

quality assurance procedure will depend on the types of RRRs in and the 

requirements of each jurisdiction. Many potential methods for the validation of the 

entered data have been proposed by the panellists, such as a rating system, to 

determine the level of trust, whether the supplier or other intermediaries are 

trusted, evaluating the entered data by means of independent review, checking the 

entered data by using third-party information, considering the credibility of the 

contributors, and an enhanced automatic approach for identifying conflicts. Despite 

these suggestions, the panellists agreed that designing and establishing a stable 

quality assurance method for a specific type of land and property information 

depend on the relevant jurisdiction’s requirement.  

6.5 Framework Implications 

The developed framework could act as a guiding mechanism for stakeholders as well 

as decisionmakers in land administration to help them select a fit-for-purpose data 

collection method for a crowdsourced land and property data collection project. The 

framework explains how to select a fit-for-purpose data collection method, the 

philosophy underpinning crowdsourcing, and the parameters that should be 

assessed in this process. Furthermore, it provides a detailed explanation about 

where, when, and how crowdsourcing can be applied in land administration and 

what considerations should be made in the process of crowdsourcing. According to 

the framework, the adoption of crowdsourcing requires a comprehensive study 

from a range of perspectives, including the drivers of the use of crowdsourcing as 

well as a technical development plan for the implementation thereof in land 

administration. Clearly, applying crowdsourcing in land administration does have 

some significant issues that must be considered. However, it does have the potential 

for delivering a unique perspective on land and property data collection. 
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6.6 Chapter Summary 

This chapter discussed and presented the framework for the adoption of a fit-for-

purpose crowdsourcing approach to land administration. The framework outlined 

in this chapter covers the selection of a fit-for-purpose data collection method and 

the utilisation of crowdsourcing in land administration.  

Having introduced and discussed the framework, the following chapter examines 

the application of crowdsourcing to a real-world situation of land and property data 

collection. This reveals whether the framework is successful in its aim, whether the 

discussed components are valid in real-life situations, if any key elements have been 

missed, and whether all the necessary issues and challenges that must be considered 

have been addressed appropriately. 
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‘It’s not just about ideas; it’s about making ideas happen’ 

 

-UNKNOWN 

 



190 

 

  



191 

 

7 The Development of a Prototype System for 

Crowdsourcing Land and Property Information 

7.1 Introduction 

This chapter considers how crowdsourced land and property data can be collected 

in real-world situations with respect to the framework discussed in Chapter 6. To 

fully address the research problem of this dissertation, it is necessary to outline the 

concept and design of the framework (Chapter 6) and the feasibility of 

crowdsourced land and property data collection (Chapter 7). Therefore, this chapter 

begins by providing a brief description of the developed prototype system ‘MyLand’ 

and its structures. The developed prototype system consists of a mobile application 

for collecting land and property data and a server-side application for data 

management processes. The system process workflow and functionality are 

described in the next section. After presenting the steps involved in developing the 

prototype system, this chapter discusses the pilot study that was conducted for 

collecting land and property information by means of voluntary citizen efforts in 

Melbourne, Australia using the developed prototype system. The findings of this 

study are then discussed and the results of a comparison of the crowdsourced data 

and the authoritative sources are presented. The chapter then concludes by 

outlining the lessons learned throughout this process with reference to the aspects 

discussed in the context of the framework presented in Chapter 6. This chapter 

presents a small version of a real-world application of crowdsourcing for land 

administration purposes. It is important to mention that due to practical constraints, 

a full crowdsourcing project is beyond the scope of this dissertation, and the 

prototype system has been developed only as a proof of the concept to facilitate the 

process of crowdsourcing in real-world land and property data collection.  
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7.2 Development of the Prototype System  

The aspects discussed in the framework provide a guiding mechanism for the 

development of the prototype system. As discussed in chapter 6, ‘drivers’ and 

‘enablers’ are the two most important factors specifying the use of crowdsourcing 

for land administration purposes and when it can be used. Therefore, the prototype 

developed in this study, MyLand, advocates the use of portable devices, such as 

smartphones, as the most appropriate platform for collecting land and property data 

due to widespread ownership of such devices and their global geographic coverage. 

Smartphones have combined a range of technologies (e.g. satellite positioning, the 

Internet, digital cameras) within the mobile phone platform to significantly increase 

the functionality and applicability of the platform in land and property data 

collection. In addition to the smartphone application, the developed prototype 

system, MyLand, consists of a cloud-based infrastructure to support the data 

management and data-sharing process in order to address the ‘institutional’, ‘legal’, 

‘Institutional’ and ‘technical’ aspects of framework.  

In addition to the smartphone application, the developed prototype system, 

MyLand, consists of a cloud-based infrastructure to support the data management 

and data-sharing process. The Open Data Kit (ODK) tools and services were 

employed in the development of MyLand. ODK is an open-source set of tools that 

support mobile data collection. The reader is referred to opendatakit.org for further 

details on ODK tools and services. A conceptual overview of how the MyLand 

prototype system was developed is illustrated in Figure 7-1. 
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Figure 7-1: The MyLand Prototype System Development Based on ODK 

7.2.1 The Mobile Application  

The key component of the MyLand prototype system is an android-based mobile 

application for land and property data collection. Crowds can use this mobile 

application for land and property data collection. It has been developed based on an 

open-source platform called GeoODK, which provides a method of collecting and 

storing spatial data as well as relevant non-spatial data and multimedia data. The 

data can be collected either online or offline and it will be automatically uploaded to 

the server when an Internet connection is detected.  

7.2.2 The Web Application 

The web application for the MyLand prototype system manages the configuration 

of the mobile application, data management, data-sharing, and user registry. It also 

provides a structure for reviewing the data entered by privileged users. The web 

server of the MyLand prototype system was developed using an open-source cloud 

infrastructure named ‘Ona’.  
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7.3 The Prototype System Architecture 

The client-server model was used for the implementation of the MyLand prototype 

system implementation, as illustrated in Figure 7-2. When a volunteer citizen (a 

user) accesses the MyLand mobile application (the client), the client initiates a 

request to the MyLand web server. After the user’s credentials have been verified 

on the server side, the user can participate in the process of data collection. The 

collected data will be transferred to the MyLand server while an Internet connection 

is available. This process is discussed in section 7.3.  

 

Figure 7-2: The MyLand Client-Server Architecture 

At the most abstract level, the MyLand prototype system uses a multilayered 

architecture consisting of presentation, business, and data layers. Figure 7-3 

illustrates a simplified, high-level representation of these layers and their 

relationships. In the following subsections, the layers of the prototype's architecture 

and their details are discussed. 
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Figure 7-3: The MyLand Multitier Architecture 

7.3.1 The Presentation Layer 

The presentation layer contains the user-oriented components that implement and 

display the user interface and manage user interactions with the system. It consists 

of components that provide a common bridge into the core business logic 

encapsulated in the business layer. This layer includes controls for user inputs and 

displays in addition to the components that organise user interactions. The 

presentation layer is a critical component of the system architecture and acts as the 

link between the front end and the back end of the system. Three main components 

exist in the presentation layer: the user interface components, the presentation logic 

components, and the presentation layer model components, as illustrated in Figure 

7-4.  

 

Figure 7-4: The Presentation Layer Components 

The user interface components of the system consist of the application's visual 

elements (i.e. the display of information to the user) and acceptance of user input. 

The presentation logic components are the application code that defines the logical 
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behaviour and structure of the application in such a way that it is independent of 

any specific user interface implementation. The presentation layer model 

components are responsible for encapsulating the data between the user and the 

rest of the components in the business layer. It provides the mechanisms whereby 

data and information are input to the system from the user and output from the 

system to the user.  

7.3.2 The Business Layer 

The business layer implements the core functionality of the system in order to 

encapsulate the relevant business processes, logic, and rules related to the land and 

property information. The business processes involve multiple steps that must be 

performed in the correct order, and these steps may interact with each other by 

means of orchestration. The business layer contains a number of modules to support 

the process of data collection: the transformation, analysis, retrieval, and 

management of data. It also supports the implementation of data collection rules 

and policies, such as data consistency and validity. The business layer of the 

prototype system in this study consists of the components presented in Figure 7-5. 

 

Figure 7-5: The Business Layer Components of the MyLand Prototype System  

User registry module: This module focuses on user identities, characteristics, and 

activities. Several social and institutional aspects of adopting crowdsourcing, as 

discussed in Chapter 6, can be implemented through the user registry module, such 

as the types, roles, and responsibilities of the participants. Furthermore, it can 

support the legal aspects of crowdsourcing by keeping track of user activities and 
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identities. Figure 7-6 illustrates the components implemented in the user registry 

module.  

 

Figure 7-6: The Components of the User Registry Module in the MyLand Prototype System 

User login and signup: User login is a process for entering the user identification 

information into a system by a user. It is an integral security procedure for a system 

(e.g. a mobile application). In the login process, the user is required to enter two 

pieces of information: a username and a password. The user login enables different 

users to have a range of privileges. It can also enable the recording of each user’s 

activities.  

User profile: The user profile is a representation of their identity and activities. It 

stores the user characteristics and their preferences.  

User types: The roles and types of the users are also implemented by means of the 

user registry module. A range of permissions and access levels are assigned to the 

user, starting from ‘only submitting data’ to ‘reviewing and editing the entered data’. 

In addition, some users with administration roles were also appointed to support 

the whole process and configure the system.  

Training material: If required, training materials can be sent to the users to clarify 

the process that should be taken in the preparation and installation of the mobile 

application as well as the data collection process.  

Collection module: The process of data collection begins with entering the spatial 

extent of a particular portion of land or property followed by entering the related 

non-spatial information and uploading the required document or picture. This 

process involves several components on the client side (mobile application) as well 

as on the server side (web application) in order to complete the data collection 

process. 

https://en.wikipedia.org/wiki/Online_identity
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Editing module: This component involves editing the collected land and property 

data on both the client side and the server side of the system. The user can edit the 

collected data prior to submitting the data into the MyLand server. In addition, the 

data can be edited on the server side by privileged users. This module consists of a 

range of components and tools to support the necessary processes, including editing 

the spatial and non-spatial information. In addition, the editing module keeps track 

of any edits made by users and supports the data recovery process.  

Reviewing module: The collected data can be reviewed by privileged users on the 

server side. To facilitate this process, a range of tools and services are integrated 

into the module in order to present the spatial extent of the data captured on the 

map, the tabular presentation of non-spatial information, and reviewing multimedia 

data.  

Quality assurance process: Several approaches were integrated into MyLand to 

support the quality assurance of the data collection process, including checking the 

validity of data while it is being entered by the user and review of the entered data 

by trusted users, which is discussed in detail in section 7.3.3.1. Furthermore, other 

evidence, such as the network timestamp, SIM serial number, and phone number 

associated with the collected data, are also recorded, as this is evidence that is not 

easily tampered with by most users (McLaren, 2011). More importantly, all the 

users are registered, and their identities are verified prior to data collection.  

It is important to mention that this is only a possible solution for the quality 

assurance of the entered data, not the most proper one. Developing and 

implementing the most proper quality assurance process for land administration 

requires further study which is beyond the scope of this research. 

Data access module: The data access module connects to the databases and 

retrieves and stores the relevant information. Once retrieval has taken place, the 

modules then sort the information according to the requests of the user and 

application.  

Reporting and feedback module: This module includes a set of tools to facilitate 

the process of reporting. The entered data can be presented in the form of maps, 
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tables, and graphs. In addition, a summary of the entered data in the system can also 

be generated.  

7.3.3 The Data Layer 

The data layer of the MyLand prototype system provides access to data hosted 

within the boundaries of the system and data exposed by other networked systems 

through the web services. They centralise common data access functionality in order 

to make the application easier to configure and maintain. The data layer exposes 

generic interfaces that the components in the business layer can consume. The data 

layer includes components for accessing the underlying data stores and service 

agents, as illustrated in Figure 7-7. 

 

Figure 7-7: The Data Layer Components 

7.4 MyLand Data Model and Attributes 

MyLand has been designed in such a way that can support a flexible data structure. 

This ability supports the implementation of different jurisdictional requirements in 

terms of data type, data structure, and its relation. MyLand can support a range of 

data types, such as numbers, text, images, locations, and multimedia. Consequently, 

several attributes associated with land and property can be recoded according to 
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the types of land and property as well as the jurisdictional requirements. This 

research used the simplified version of the STDM to configure the attributes 

required for land and property data collection. A limited number of attributes with 

respect to the property, owner, and tenure types were recorded in this study to 

demonstrate the feasibility of crowdsourced data collection, as illustrated in Figure 

7-8.  

 

Figure 7-8: The MyLand Data Model 

These are the initial types of information that could be gathered using a smartphone. 

However, more complex attributes and data model can be supported by the MyLand 

prototype system. 

7.5 The MyLand Process Workflows 

MyLand provides a simple means of the collection, editing, and archiving of 

crowdsourced land and property data. Its workflow represents the sequence of 

processes that should be undertaken from the initiation to the completion of data 

collection process. This workflow consists of three major steps, as illustrated in 

Figure 7-9: the preparation; the field data collection; and the review and reporting 

process. 
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Figure 7-9: The Workflow Process of the Prototype System 

7.5.1 Preparation 

The preparation phase includes activities that need to be done before starting the 

data collection process, such as creating an account and installing the mobile 

application on the android devices, as explained in following subsections. 

7.5.1.1 Creating a MyLand Account 

To get started with MyLand, the user is required to have a MyLand account, which 

can be created as illustrated in Figure 7-10. The user is required to enter their 

personal details, including their name, username, e-mail address, and chosen 
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password. The user goes through this process once and after that can log into the 

system by using the given username and password. The user uses this account for 

accessing the MyLand mobile application. 

 

Figure 7-10: Creating an Account to Access the MyLand Prototype System 

7.5.1.2 Mobile Application Setup 

Following the creation of an account, the user needs to install the mobile application. 

The user can start the process of data collection by entering the account details 

created in Section 7.3.1.1 in order to connect to the MyLand server, as illustrated in 

Figure 7-11. 

 

Figure 7-11: Configuration of the MyLand Prototype System  
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The data collection process starts by launching the mobile application and enabling 

GPS on the mobile device. 

7.5.2 Data Collection 

There are four steps involved in the data collection using the MyLand prototype 

system, as illustrated in Figure 7-12. The user is required to enter the data related 

to land and property based on the presented data model in section 7.2.4, including 

information about the property, tenure type, and owner(s). Following this process, 

the user can edit the data (if required) and then the data should be uploaded to the 

server. 

 

Figure 7-12: Capturing Land and Property Information Using the MyLand Prototype System  

To facilitate the process of data collection, a central toolbar and menu are also 

integrated into the mobile application to assist in navigation through it, as 

illustrated in Figure 7-13. The emphasis was on an interface for which users were 

not required to have to focus on the technology but could simply answer the related 

questions, walk through the property or mark the property boundary, and take 

photos, while the more technical processes (such as tagging a location using GPS and 

uploading via a 3G or Wi-Fi network to a central MyLand server) happen in the 

background. 

Adding the 
property details

Adding the tenure 
type 

Adding the owner's 
details

Uploading the data 
into the server
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Figure 7-13: Data Collection Screen of the MyLand Prototype System 

7.5.2.1 Adding the Property Details 

The user is required to enter information about the property, including the address 

(Figure 7-15), area (Figure 7-14), and value (Figure 7-16). These are some examples 

of many types of information that can be requested. To improve the quality of the 

entered data, the type of user input for each question was limited to a certain 

category (e.g. number, text, image). For example, the user is required to enter 

numbers for land values and land areas, while they can enter text for the address. On 

the following screen, the user can add any additional information about the 

property, as shown in Figure 7-17. This is an example of informal information that 

is available according to the local knowledge of citizens but was never documented 

in any form. 
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Figure 7-14: Entering the Address of the 

Property 

 

Figure 7-15: Entering the Estimated Area of 

the Property 

 

Figure 7-16: Entering the Estimated Value 

of the Property 

 

Figure 7-17: Entering Special Information 

About the Property 

Following entry of the property information, the user should create a closed polygon 

on the map to determine the delineation of the property. This can be done either by 

drawing on the map using their finger or by using the GPS coordinates. The process 

of capturing a polygon to represent the property boundary is begun by tapping the 
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‘Record GeoShape’ button, as illustrated in Figure 7-18. On the next screen (Figure 

7-19), the user can access a set of toolbars to make a closed polygon to represent the 

property delineation. The user can move around the property and mark the 

boundary according to the GPS location, or they can zoom into the property and 

digitise the boundary according to the selected base map (e.g. a satellite image or 

Google Street Map). To close the polygon, the user can simply tap on the same point 

at which the polygon began or tap the button on the toolbar. Figure 7-20 shows an 

example of a captured polygon for representing a property boundary. 

 

Figure 7-18: Capturing the Property 

Delineation 

 

Figure 7-19: Marking the Property 

Boundary 
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Figure 7-20: Closing the Polygon 

 

Figure 7-21: The Collected Spatial Extent of 

the Property 

 

Other types of evidence, such as an image of the property, could also be captured 

using the MyLand prototype system. The user can take a picture or choose an image 

that is already stored in their mobile phone, as shown in Figure 7-22. 

 

Figure 7-22: Uploading an Image of the Property 
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7.5.2.2 Adding the Tenure Type  

In the MyLand prototype system, the user is required to select the tenure type, either 

single occupancy or multiple occupancies, as illustrated in Figure 7-23. However, 

more complicated tenure types could also be catered for in MyLand. As explained in 

section 7.2.4, the MyLand prototype system supports a flexible data model to 

manage land and property data collection in different jurisdictions. 

 

Figure 7-23: Entering the Tenure Type 

7.5.2.3 Adding the Owner’s Details 

In the next step, the user requires to enter the property owner’s details i.e. their first 

and last names (Figure 7-24).  



209 

 

 

Figure 7-24: Adding the Owner’s Details 

 

7.5.2.4 Editing Data  

The entered data can be edited by the user, as illustrated in Figure 7-25. The user 

can edit the collected data, including the property boundary, details, and owners’ 

details prior to submitting the information to the server using the ‘Edit Data’ button 

shown in Figure 7-25. 

 

Figure 7-25: Editing the Captured Data 
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7.5.2.5 Uploading Data to the Server 

As discussed above, the data collection process can be done either online or offline. 

However, an Internet connection is required for submitting the data to the server. 

This process can be done automatically whenever Internet connections are 

detected. There are two options for uploading data to the server: auto-send by Wi-

Fi or by means of another network. In addition, the user may deactivate these 

options and upload the collected data to the server manually by using the third item 

shown in Figure 7-25. The user will receive a confirmation message after the data 

has been uploaded to the server, as illustrated Figure 7-26. 

 

Figure 7-26: ‘Thank You’ Message  

7.5.3 Managing, Reviewing, and Reporting  

The captured data can be managed, reviewed, and reported on the server side of the 

MyLand prototype system by means of the web application. A central menu is 

integrated into the web application to assist in navigation through the system, as 

illustrated in Figure 7-27. The uploaded data in the server can be presented in map, 

table, and chart formats. In addition, a dashboard is designed for preparing a quick 

report about the data on the server.  
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Figure 7-27: The MyLand Prototype System (Server Side) 

Figure 7-27 shows the spatial extent of the data captured by users on the server side 

of the MyLand application on the map, and Figure 7-28 is a tabular presentation of 

non-spatial data, including owner and property details. 

 

Figure 7-28: Tabular Presentation of the Data Entered on the Server 

Many additional types of charts can be created from the entered data. Figure 7-29 

shows a bar chart indicating the number of properties with the same value range, 

and Figure 7-30 shows a bar chart indicating the number of properties with the 

same area range. These charts were created based on 15 records of data entered by 

the users as an example. Examining the quality and assurance of this data is beyond 

the scope of this study. 



212 

 

 

Figure 7-29: Presentation of the Entered Data Concerning the Estimated Value of Properties 

in Chart Format 

 

Figure 7-30: Presentation of the Entered Data Concerning the Estimated Area of Properties 

in Chart Format 

The entered photo for each property can also be reviewed and managed in the photo 

tab, as illustrated in Figure 7-31. 
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Figure 7-31: Photos Uploaded to the Server 

7.5.3.1 Quality Assurance of the Entered Data 

The quality of the entered data is examined by means of a multistep process, as 

illustrated in Figure 7-32.  

 

Figure 7-32: The Process of Data Quality Assurance 

The quality assurance process begins by checking the entered data with respect to 

the acceptable format and range. For example, if a user enters textual data for a land 

value, the system will send an error message asking them to enter a number as a 

response to this question. According to the type of information, several consistency 

rules are implemented in the MyLand prototype system. This step is done on the 

client side before data is uploaded to the server. This reduces the possible number 

of mistakes that may result from user entry of data.  

The next step is the verification of the data. The data uploaded to the server is 

examined according to a set of logical consistency rules. These rules were designed 

with respect to the data characteristics. For example, in this study, it was decided 

that the entered ownership boundaries should be within Melbourne, Australia. This 

is one of the rules that was checked in the uploaded data. Figure 7-33 shows an 
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example of data that was not approved. As highlighted in Figure 7-33, the boundary 

of the property was drawn far from the location of this study. Therefore, the data 

was not verified, and an alert was sent to the user to request them to edit and 

resubmit the data. Following receipt of this alert, the user can either delete the 

submitted data, make a new submission, or edit the current submission.  

 

Figure 7-33: An Example of Disapproved Data in the MyLand Prototype System 

Following the verification step, the confirmation process can begin. Some examples 

of approaches in prior research, such as the trusted intermediary approach, 

requesting further or detailed evidence and documents. However, in this study, only 

crosschecking the entered data was done in the confirmation step. For example, the 

address entered for a property and the uploaded image thereof were crosschecked 

against the data available from Google Maps Street View. In the case of finding any 

inconsistency, an alert is sent to the system administrator.  

7.6 Crowdsourced Land and Property Data Collection: The 

Pilot Study in Melbourne, Australia 

The crowdsourced land and property data collection relating to ownership rights 

was piloted in Melbourne, Australia in 2017. The developed MyLand prototype 

system debuted with the aim of examining the framework presented in Chapter 6 in 

a real-world application of crowdsourced land and property data collection. 

However, due to practical constraints, full adoption of crowdsourcing lies beyond 
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the scope of this study, and only a small-scale crowdsourced land and property data 

collection was conducted, as described below.  

The research team acted as the crowdsourcing foundation for managing, 

structuring, and maintaining the project. The crowdsourcing foundation for land 

and property data collection is responsible for the top-down process of 

crowdsourcing, as discussed in Chapter 6. It is important to mention that the 

authorities responsible for land administration were not engaged in the project due 

to practical constraints, and their views were not incorporated in this pilot study.  

In terms of the bottom-up process (also known as crowd contributions), a group of 

people were invited to participate in the study. 50 individuals in total participated 

in the pilot study. It was clarified with the participants that the project was limited 

to testing a new methodology for capturing land and property data rather than 

officially registering the data. All participants received a very brief description about 

the project and how to set up the app and capture data. Participants then mapped 

their properties within two weeks. A debrief was carried out by the researcher once 

the participants were finished. 

Two separate tasks were assigned for completion by the participants using the 

MyLand prototype system, as illustrated in Figure 7-34. The first task mostly 

focused on property data collection, as described in section 7.2.4. The second one 

involved multiple measurements of boundary delineation for a particular property 

by the volunteer participants. This step was undertaken because multiple 

measurements could be acquired if the crowdsourced approach would formally be 

adopted in land administration. 
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Figure 7-34: The Crowdsourcing Experiment  

All the data generated from the pilot study could be viewed, edited, and shared 

online by means of the web application, as discussed in section 7.2.2. The captured 

data can also be downloaded in several formats for use with Microsoft Excel, Google 

Earth, or conventional GIS mapping software. 

The quality of the collected data was examined according to the ‘Cadastral Area 

Boundary’, a layer of the ‘Vicmap Property’ dataset consisting of data representing 

land parcels and properties in Victoria, Australia. For example, Figure 7-35 shows a 

screenshot of the land and survey spatial information website 

(maps.land.vic.gov.au/lassi/LassiUI.jsp) from where the above-mentioned data was 

retrieved. 
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Figure 7-35: A Screenshot of the Land and Survey Spatial Information (LASSI) Website for 

Victoria, Australia 

7.6.1 Results of the Pilot Study  

The participants were asked to collect and submit information about their own 

property using the MyLand mobile application. The participants followed the 

process discussed in section 7.3 to register as users of the system and to setup the 

mobile application.  

Thereafter, the participants captured the data related to a property of their choice 

using the MyLand mobile application, as discussed in section 7.3. Forty-five records 

of data were gathered by the participants within two weeks in Melbourne, Australia. 

The participants measured 237 boundary points and entered 320 pieces of data 

related to the land and property (e.g. property owner details, as discussed in section 

7.2.4). In addition, 40 photos were uploaded to the system by the participants 

(Figure 7-31). An example of the data entered by a volunteer participant using the 

MyLand prototype system is illustrated in Figure 7-36. The boundary delineation of 

the property is highlighted in the map in red and the related non-spatial information 

is presented on the right.  
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Figure 7-36: Example of Data Entered to the MyLand Prototype System 

The captured data can be viewed on the server in several formats: tables, maps, and 

charts. This is discussed in section 7.3.3 in detail. In addition, some examples of the 

data captured using this pilot study are presented in Figure 7-12 and Figure 7-31. 

Following the data collection process, the captured data is accessible by means of 

the web application, as explained in section 7.2.2. The collected data was reviewed 

using the process discussed in section 7.3.3.  

The collected data can be overlaid on a varies base map, such as a street map and 

satellite image. Figure 7-37 shows an example of the captured data on a satellite 

image, without any corrections or adjustments. It is important to mention that due 

to the spatial distribution of the collected data, it is not possible to demonstrate all 

of it in one figure.  
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Figure 7-37: Example of the Captured Data on a Satellite Image 

The generated data was examined along with the authoritative data, as discussed in 

section 7.5.3. Figure 7-38 is an example of the data captured by a participant (in red) 

overlaid on the cadastral boundary retrieved from the Victoria state government (in 

black). This comparison shows that only 25% of the nodes entered by the 

participants have coordinate deviations of more than 5m.  

 

Figure 7-38: Overlay of the Data Captured by a Participant on Authoritative Data 

The participants were then asked to capture the boundaries of a particular property 

in order to examine the results of the multiple measurements of boundary 

delineation. In total, 15 boundary delineations were made by the participants for the 

highlighted property in Figure 7-39. These measurements were compiled to 

generate an average boundary delineation for the property (in red) and were 
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compared with the authoritative data retrieved from above mentioned web page (in 

black). The average boundary points have a coordinate deviation of less than 4m. 

 

Figure 7-39: Multiple measurements of a property boundary by the participants 

In addition, the researcher’s observations showed that the participants quickly 

learned how to use the app themselves with little guidance, and no confusion was 

reported by the participants. One participant commented: ‘It is a very user-friendly 

app; I’ve picked up quickly how to use it and how to collect the data in a short time’. 

Furthermore, the data is gathered using little effort in a relatively short time by 

means of the mobile device. This indicates that the MyLand prototype system in 

designed in such a way that it minimises the degree of training required for the 

participants.  

7.7 Lessons Learned from the Pilot Study 

The main lesson learned from the pilot study is that the crowdsourcing framework 

in land administration is largely successful in its aims by providing explicit and 

detailed explanation on the areas that need consideration and investment within a 

specific context. However, further study is required to determine the best practice 

for each item presented within the framework.  

The conducted pilot study showed that the presented framework facilitates the 

process of crowdsourcing in land administration by providing a guiding mechanism 

and the aspects that should be considered in the relevant process. The pilot study 
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also limited the process of trial-and-error in the adoption of crowdsourcing in land 

administration. In addition, the pilot study demonstrated that the items discussed 

within a specific framework should be tailored according to the context (e.g. the 

specific jurisdictional needs and social context). Furthermore, it confirms that the 

adoption of crowdsourcing in land administration is multifaceted, and all relevant 

aspects should be considered in this process with reference to the jurisdictional 

requirements (technical and institutional aspects) and cultural environment (social 

aspects), as discussed in Chapter 6. The following subsection presents the main 

lessons learnt from the pilot study.  

7.7.1 The Importance of Coordination 

While crowdsourcing necessitates a bottom-up approach, the need for top-down 

coordination was apparent during the pilot study. Crowdsourcing in land 

administration must always be seen as a mix of bottom-up input from a community 

and top-down management from a crowdsourcing foundation.  

The pilot study revealed that the crowdsourcing foundation has an essential role in 

a crowdsourcing project for managing, structuring, and maintaining the process of 

land and property data collection. Consequently, the involvement of all relevant 

parties and stakeholders in a crowdsourcing foundation could be beneficial. Such 

involvement could influence not only the project’s goal and objectives, but also how 

the items in the framework should be implemented. For example, what is the most 

proper data model for crowdsourced land and property data? What is the best 

strategy for data quality assurance? What is the best strategy for engaging local 

people?  

The adoption of crowdsourcing depends on the establishment of strategies and 

leadership in the context of all the aspects of the framework and can be done most 

effectively by means of the crowdsourcing foundation, involving all influencers in 

the land administration domain. This endorses the value of the institutional 

considerations of crowdsourcing adoption, particularly the crowdsourcing 

foundation, as presented in the framework (section 6.4.3.1). 
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7.7.2 Considering Data Quality According to its Fitness  

The value of crowdsourced data is often questioned concerning the degree to which 

it is accurate. The findings of this pilot study show that the spatial accuracy of the 

data generated by the participants is around 5m. However, this matter should be 

examined according to the usage of the data and its fitness for its intended purposes, 

as discussed in Chapter 3. This accuracy might not be sufficient for land and 

property in dense urban areas, but it could be sufficient for rural areas. 

In addition, the pilot study shows that using multiple measurements of a property 

boundary increases accuracy. Furthermore, the rapid growth of technology or using 

other technical approaches (e.g. Orthophoto) might improve the possibility of 

obtaining accurate measurements. 

7.7.3 The Need to Use Quality Assurance Procedures 

Developing quality assurance procedures is one of the areas highlighted in the 

framework. Although the framework does not provide a best-practice quality 

assurance procedure, it emphasises its importance. The pilot study used multistep 

quality assurance procedures: checking, verification, and confirmation. 

Furthermore, user identities can be verified prior to their contribution to a project 

due to the registration requirement. As discussed in section 7.3.3, this is one of many 

possible strategies, and further study is required to determine the best practice in 

this area. 

7.7.4 The Need for an Appropriate App and Platform  

Crowdsourcing often requires investment in the development of the necessary app 

and platforms, not only for capturing data, but also for editing, reviewing, storing, 

managing, and sharing data. Such an investment requires funding and specialist 

professionals. In the process of developing the MyLand prototype system, the 

researcher learned that several apps and platforms, either open-source or 

commercial, can be used for these purposes (e.g. GeoODK or ArcGIS collector). 

However, selecting and developing the best solution for land and property data 

collection requires more in-depth investigation, as most of the strategies for the 
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implementation of crowdsourcing can be transformed into software applications. 

Therefore, technical development has an important role in addressing the 

developed strategies according to the framework presented in Chapter 6. It is 

important to remember that MyLand is a prototype system, with significant room 

for refinement and improvement.  

Furthermore, the pilot study revealed that the system should be defined in such a 

way that it is sufficiently flexible for supporting different data types and models, as 

jurisdictions might need different data types and models. For example, it might be 

necessary to collect a specific type of information in various formats in order to 

compile evidence of community tenure, including traditional paper-based surveys 

and maps, GPS coordinates, footage from drones, digital maps, videos, interviews, 

recordings, photographs, or paper attestations. Recognising the type of information 

that needs to be collected and certainly their required data collection processes is 

essential in the process of system development.  

In short, the lessons from the conducted pilot study endorse the value of developing 

proper tools and platforms, as discussed in Chapter 6. It also suggests that this 

matter should be properly addressed in the adoption of crowdsourcing in land 

administration. 

7.7.5 The Need for Rigorous Specifications and Standards 

Standardisation of the data collection process and all associated processes (e.g. 

editing) is important in the adoption of crowdsourcing in land administration, as 

considered in the framework. It has been learned that moving away from 

centralised, authoritative, and professional data collection approaches needs a 

different type of standards and specifications to fulfil organisational requirements 

and community expectations. The lack of clear guidelines and standards could 

create uncertainty about whether and how the collected data can be used or 

integrated with other data sources. The need to establish standards and protocols 

for a crowdsourcing project is not limited to land administration, and it has also 

arisen in the research on crowdsourcing and VGI (e.g. Mooney et al., 2016).  
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The involvement of governments in the recommended crowdsourcing foundation 

may support the development of rigorous specifications by giving recommendations 

from their land departments or surveyors about the minimum required accuracy of 

the coordinates, the process by which the coordinates are collected and validated, 

the tools used, the design and symbols used in map-making, and data formats. 

Having uniform standards for crowdsourced land and property data collection could 

facilitate the process of its adoption and limit the process of trial and error in its 

implementation. The pilot study used simple guidelines rather than robust and 

standardised data collection protocols. Consequently, further study is required to 

provide rigorous data collection specifications in order to ensure the compliance of 

the data collected by means of crowdsourcing with other data sources.  

7.7.6 Crowdsourcing in Land Administration is More than Data 

Collection 

The consensus of the experts (Chapter 5) indicates that crowdsourcing could have 

several functions in land administration, such as updating, editing, reviewing, and 

confirming data. Although the scope of this pilot study is limited to data collection, 

other functions of crowdsourcing in land administration should not be ignored, and 

future studies should investigate other functions of crowdsourcing in land 

administration.  

7.7.7 Citizen Empowerment is Key  

Crowdsourcing projects require contributors who have the required technological 

infrastructure (e.g. Internet, social media, and smartphone), as considered in the 

framework. The value of citizen empowerment using technological infrastructure 

has been endorsed through the conducted pilot study. The available technological 

infrastructure in the study had an important role in enabling the participants to 

contribute to the project. In this case, an android device was used by the participants 

for data collection, and data was uploaded via an Internet connection. Access to the 

Internet on a smartphone provided a powerful platform for data collection in this 

pilot study. 
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7.7.8 Treating Citizens as Partners 

Citizen contributions have a significant role in crowdsourcing projects, as they are 

responsible for the bottom-up process (e.g. data input), as discussed in section 6.4.3. 

Therefore, a proper engaging mechanism is a requirement for the formal adoption 

of crowdsourcing, as considered in the framework. In the case of this pilot study, the 

engaging mechanism was limited to inviting people who lived in Melbourne, 

Australia to contribute to the research.  

In addition, the value of their participation was promoted by raising awareness 

about their role in examining a new method of land and property data collection. 

Although the conducted pilot study did not fully investigate the social aspects of 

crowdsourcing, it provided some insight into the importance of this aspect. It has 

been learned that participants should be seen as partners in the project. As in section 

6.4.3, understanding local culture and participants’ motivations is important in 

developing a proper engaging mechanism.  

7.7.9  Legal Issues that Arise in the Implementation of 

Crowdsourcing  

Crowdsourced land and property data collection involves legal concerns that should 

be taken into account (Chapter 6), including the legal consequences of false data and 

developing a legal framework for accepting the data captured by the volunteers and 

converting it into some sort of legal documentation. Although addressing all of these 

concerns and identifying the best practice for these issues was beyond the scope of 

this study, legitimacy was maintained in the pilot study by applying one possible 

solution. Firstly, the users were registered in the system; therefore, their identity is 

clear. It is possible to ask users to upload as much information as required in order 

to confirm their identity (similar to other online systems such as online visa 

applications). Secondly, the records of any user activities and contributions were 

logged in the system; therefore, any incorrect data and false claims can be traced.  

The pilot study took into account that the aforementioned legal issues concerning 

crowdsourced data should be addressed. However, it also considered other legal 
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concerns related to host licences, data licences, and software licences. The prototype 

system developed in this study used a third-party platform which enforced its terms 

of use. These may include some restrictions on the use of intellectual property, 

which can include rights to data, design, and software as well as confidentiality.  

In addition, the available base maps, which come from a variety of sources and 

services (e.g. governments or other crowdsourced projects), are often provided 

under licence, and even if they are freely available, their use may be subject to 

certain terms and conditions. Nevertheless, the legal aspects concerning the 

adoption of crowdsourcing is an important aspect thereof and should be properly 

addressed. Further investigation is required in order to identify the best practices 

to deal with these legal concerns. 

7.7.10 Communication with the Crowd is Essential 

It was found from the pilot study that having the same understanding about what 

the property boundary is, has an important role in capturing data and completing 

tasks, and this can be achieved through proper communication with participants. 

For example, a participant in this study submitted the building boundary instead of 

the property boundary. Therefore, it is important to consider how people 

understand the task and its requirements prior to participation in a crowdsourcing 

project. As discussed in Chapter 6, people can contribute efficiently if they fully 

understand the task and they recognise what exactly is expected to be done.  

7.8 Summary of Chapter 

This chapter put forward a prototype system called MyLand based on open-source 

software. MyLand seeks to empower crowds in gathering land and property 

information. The MyLand prototype system consists of a mobile app for data 

collection and a cloud-based infrastructure to support the review, management, and 

sharing processes. Legitimacy in the system is maintained through the user registry, 

with records of all contributors kept and three-step quality assurance procedures 

applied.  
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The MyLand prototype system was used in the pilot study to examine the developed 

framework for the adoption of crowdsourcing in land administration and to 

demonstrate how crowdsourced land and property data can be collected in real-

world situations. The pilot study findings were presented in this chapter. The main 

lesson of this pilot study is that the crowdsourcing framework in land 

administration was largely successful in its aims by providing an explicit and 

detailed explanation on the areas that needed consideration and investment within 

the required context. However, the framework suggested herein should be seen as 

the first step to the construction of a theoretical concept for the adoption of 

crowdsourcing. The identification of best practice in each area needs further 

experiment and study.  

The next chapter presents the final conclusions of the research by firstly examining 

the overall achievements in response to the initial research questions and its stated 

objectives. The significance of the research is discussed and recommendations for 

further research are presented. 
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CHAPTER 8 

CONCLUSION AND FUTURE DIRECTION  

 

‘The best preparation for tomorrow is doing your best today.’ 
 

- JACKSON BROWN  
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8  Conclusion and Future Direction 

8.1 Introduction 

The prevalence of crowdsourcing in land administration has grown due to a need 

for a quicker and cheaper data collection method, mainly in developing countries, 

for completing the national record of land rights. However, crowdsourcing might 

also give opportunities to developed countries by collecting some types of land and 

property data that has not yet been documented. Crowdsourcing practice in land 

administration can significantly transform the ways in which land and property 

data, information, and knowledge are collected and circulated. Crowdsourcing 

emerged as a natural evolution in data collection driven by advances in IT and 

positioning systems. It has caused a major shift from the mass data collection 

methods used by authorities into a voluntary citizen-driven data collection method. 

Crowdsourcing might improve the ways in which land and property data is collected 

and the ways in which it is used to provide a fuller and richer picture of land and 

property information worldwide. It is important to note that crowdsourcing is not 

the ultimate solution to all challenges faced by a land administration system in terms 

of data collection. However, there is growing agreement that crowdsourcing should 

not be ignored due to its value as a quick and low-cost data collection approach. 

Government bodies can use these opportunities and improve the current system in 

terms of collecting non-existing land and property information, updating current 

land and property datasets, or fixing reported issues. Crowdsourcing provides a new 

collaborative model for professionals and citizens in land administration, and it 

could form the basis of future land administration systems.  

This chapter summarises the achievements of this research and highlights their 

significance. It additionally re-examines the main aim and objectives of the research 

in order to address the problem outlined in Chapter1. This chapter also outlines a 

number of future research directions. 
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8.2 Research Aim and Objectives 

As outlined in Chapter 1, this research aimed to develop a framework that can act as 

a guiding mechanism to identify when, in what circumstances, and how 

crowdsourcing can be used in land and property data collection. In response to this 

aim, a framework for the adoption of crowdsourcing in land administration was 

developed through the integration of the results from an extensive literature review 

concerning both land administration and crowdsourcing and the consensus view of 

a group of international experts in the field achieved through the three-round Delphi 

study. The developed framework was examined by means of a pilot study for 

crowdsourcing the process of land and property data collection in a real-world 

situation. The findings of the pilot study with respect to the presented framework 

were also discussed. 

For the design of the framework, a number of steps were undertaken in the four 

phases of this research (refer to Chapter 1). These steps were discussed in detail in 

Chapter 3 and included (1) the foundation phase to formulate the research 

questions and shape the Delphi study panel, (2) the exploratory phase to generate 

and collect the experts’ views with respect to the research questions and develop 

the preliminary version of the framework, (3) the evaluation phase to refine and 

revise the provided information and move towards a consensus, making revisions 

accordingly (d) the implementation phase to examine the developed framework and 

its application to a real-world situation by conducting a pilot study. 

These steps were translated into the seven major objectives of this research. In the 

following subsections, these objectives and how they were achieved in this research 

are revisited and discussed. 

8.2.1 Objective One 

To investigate and understand land administration systems in terms of land and 

property data collection as well as citizens’ contributions to spatial data collection, 

particularly land and property data collection (e.g. crowdsourcing and VGI projects). 
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A review of the existing literature aided the understanding of both the disciplines of 

land administration and citizens’ contributions to spatial data collection (e.g. 

crowdsourcing and VGI) as discussed in Chapter 2. A number of gaps were identified 

in the literature, including a lack of terminology for and definitions of the process of 

land and property data collection by means of citizen efforts; limited knowledge 

about the parameters that affect the choice of a data collection method in land 

administration; limited knowledge about the comprehensive set of factors that 

could affect the use of crowdsourcing in land and property information collection 

and the ways in which crowdsourcing can be implemented in land administration; 

and limited knowledge of potential land and property information that could be 

collected by means of citizen efforts. The need for further understanding of these 

gaps was also highlighted.  

8.2.2 Objective Two 

To set the domain and define the scope of citizen contributions to the process of data 

collection in land administration. 

This research objective was informed by the results of two rounds of the Delphi 

study. To start this research, the term ‘VGI in land administration’ was used to refer 

to the process of citizen contributions to the process of land and property data 

collection. Furthermore, VGI in land administration was defined as ‘a phenomenon 

by which people voluntarily collect, organise, and disseminate geographic 

information and data in such a manner that the information can be used by others’. 

However, the results of this research indicate that ‘crowdsourced land and property 

information’ is the most appropriate term for this phenomenon, and the following 

definition was established for it: 

‘Crowdsourced land and property information is a phenomenon by which people 

voluntarily collect, update, review, organise, disseminate, and validate land and 

property information or data or assist in these processes by means of smartphones, 

mobile tools, the web, or any online services in such a manner that the information 

can be used by others to maintain, supplement, and improve existing data’. 
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This could facilitate the process of building a new theory and framework for the 

adoption of crowdsourcing in land administration. In addition, it could improve 

communication between scholars and practitioners in this domain.  

8.2.3 Objective Three 

To identify the parameters that could affect the choice of a spatial data collection 

method in land administration. 

This research objective was addressed through the Delphi study. Round 3 of the 

Delphi study was devoted to determining a comprehensive list of parameters that 

could affect the choice of a spatial data collection method in land administration. The 

results of this investigation revealed a set of parameters including accuracy, 

reliability, completeness, verifiability, repeatability, upgradeability, time efficiency, 

affordability, compliance with common standards, ease of implementation, an open 

and transparent procedure, data update mechanisms, metadata services, and a data-

sharing mechanism. Furthermore, the results of this study showed that selecting a 

fit-for-purpose data collection method has a complex and multidimensional nature, 

and a number of parameters should be considered in the selection thereof. Firstly, 

some of these parameters are related to the nature of the data (e.g. accuracy and 

completeness); secondly, some appear to be relevant to the collection process itself 

(e.g. the affordability of a method); and finally, others are related to either short-

term or long-term post-collection considerations (e.g. sharing mechanisms, 

discoverability, and upgradability). Therefore, the choice of a fit-for-purpose data 

collection method is likely predicated on a jurisdiction’s requirements in these three 

areas and their relevant parameters.  

It is also important to mention that the scope was limited to determining an agreed 

set of parameters. Further studies are required for determining an agreed definition 

of each parameter.  

8.2.4 Objective Four 

To identify the factors that could affect the involvement of citizens in the process of 

data collection in land administration. 
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This research objective was addressed by means of the Delphi study. Section 4 of the 

Delphi study focused on the determination of factors that affect the use of 

crowdsourcing in land administration. The results of this investigation revealed that 

a comprehensive list of factors is influential in the use of crowdsourcing in land 

administration, ranging from strategic factors to operational ones (Chapter 6). The 

identified factors were categorised into eight groups: (1) factors that could drive the 

use of crowdsourcing, (2) factors that could enable the use of crowdsourcing, (3) 

factors related to the functions of crowdsourcing in land administration, (4) legal 

factors, (5) factors related to land and property characteristics and requirements, 

(6) social factors, (7) organisational factors, and (8) technical factors. The number 

and diversity of these factors demonstrate that crowdsourcing in land 

administration is a complex and multidimensional subject and is not limited to the 

development of the relevant tools. 

It is important to note that this research was intended to be generic rather than 

being linked to any specific land and property information system or any particular 

jurisdiction. In this regard, the conducted study determined a set of factors that are 

influential in the use of crowdsourcing despite the different social, political, and 

administrative backgrounds of each jurisdiction. However, these components 

should be studied within a jurisdictional environment for specific land and property 

information in order to determine the best practice. Unsurprisingly, this research 

brought more questions than it answered by identifying further areas that need to 

be studied in order to determine when and how crowdsourcing can be used in land 

administration.  

8.2.5 Objective Five 

To identify the potential land and property information types that can be collected by 

citizens. 

This research objective was addressed by means of the Delphi study, particularly 

Section 5. The Delphi study produced a list of land and property information types 

that can be potentially collected by means of crowdsourcing. In addition to land and 

property information, the results of this study showed that other information or 
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evidence related to land and property information, which could add value to the 

current land administration system, could be collected by means of crowdsourcing. 

Furthermore, the identification of the list of potential land and property information 

types shows that crowdsourcing can be beneficial for land and property data 

collection, not only in developing countries (e.g. to establish or complete the initial 

cadastre system) but also for developed countries (e.g. to collect information about 

the visible and identifiable utilities that do not have formal easements), especially 

when this information could be collected with minimal government effort. It is 

important to note that this list is not intended to be comprehensive or exhaustive, 

and nor have all the possible land and property information types that could be 

collected by means of crowdsourcing been included. However, it does provide an 

indication of potential land and property information that could be incorporated 

into the current land administration system by means of crowdsourcing as a starting 

point.  

8.2.6 Objective Six 

To develop a framework for utilising crowdsourcing in land and property information 

collection. 

In response to this research objective, a framework was developed. The developed 

framework has two main components, as detailed below.  

The selection of a fit-for-purpose data collection is the philosophy behind the use of 

crowdsourcing in land administration. Therefore, the first component of the 

framework is devoted to the selection of a fit-for-purpose data collection method in 

land administration and the parameters that should be considered in the selection 

thereof. Selecting a fit-for-purpose data collection method is a trade-off between 

what there is, what is needed, and what data collection methods are available. These 

questions need to be answered according to the parameters identified in this 

research. The presented framework could potentially serve as a basis for ensuring 

that the choice of a data collection method in land administration is fit for purpose 

by cross-evaluation of the requirements with the alternative data collection 

methods that are available. Additionally, it could improve the consistency and 
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transparency in selecting a particular data collection method for land 

administration. By choosing a fit-for-purpose data collection method, the 

appropriate fit-for-purpose spatial framework to operate the land administration 

system can be built. This will support social equity, economic growth, and 

environmental sustainability.  

The second component of the framework considers when and how crowdsourcing 

can be used for land administration purposes, particularly for land and property 

data collection. This component provides the elements that need to be mapped 

within a context in order to determine when crowdsourcing can be used. It requires 

an awareness and understanding of a range of drivers and enablers that could 

facilitate the use of crowdsourcing in land administration. Consequently, they 

should exist in a particular jurisdiction in order for the crowdsourcing approach to 

be utilised. Furthermore, it is helpful to consider the different functions that 

crowdsourcing can offer to land administration systems, ranging from collecting 

land and property information to reporting issues related to land and property. It 

also provides insight into how the legal framework could limit or support 

crowdsourcing for land administration purposes. Furthermore, this component 

helps to clearly understand the opportunities and barriers involved in adopting 

crowdsourcing in land administration by identifying the aspects that should be 

considered and addressed in the process of crowdsourcing implementation, such as 

the social, institutional, and technical factors.  

This framework provides a comprehensive and multidimensional view for 

enhancing understanding about how crowdsourcing can be used for land 

administration purposes. The presented framework in this study can serve as a 

foundation for future research in this domain by highlighting the areas that could 

significantly affect the process of crowdsourcing. Integrating the consideration of a 

fit-for-purpose data collection method can aid crowdsourcing adoption in land 

administration. Additionally, this framework has an immediate practical use for 

organisations dealing with land and property information to make an informed 

decision about the use of crowdsourcing into their day-to-day information 

management needs. 
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The advantages of the proposed framework are its flexibility, its emphasis on 

understanding different aspects of crowdsourcing in land administration, and its 

capacity for modification. The proposed framework is the first attempt at 

demonstrating when and how crowdsourcing can be used in land administration. 

This framework is dynamic and could be revised according to new insights, 

comments, literature, and so on. In addition, a prototype system (a mobile app) has 

been developed to showcase how crowdsourcing can be used in real-world land and 

property data collection. 

8.2.7 Objective Seven  

To examine the application of the framework to a real-world case of crowdsourcing in 

land and property data collection. 

This research objective was addressed by means of developing a prototype system 

and collecting crowdsourced data through a pilot study in Melbourne, Australia. 

This process was begun by designing and implementing a prototype system 

consisting of a mobile app to capture land and property data and a cloud-based 

infrastructure for reviewing and managing data. The implemented prototype was 

used in the pilot study conducted in Melbourne and the collected data was compared 

with the authoritative sources. Although the pilot study was undertaken on a small 

scale, it confirmed that the crowdsourcing framework for land administration was 

largely successful in its aims by providing an explicit and detailed explanation of the 

areas that need consideration and investment in its implementation. However, 

further study is required to identify the best practice for each element of the 

framework.  

8.3 Conclusion of the Research Problem 

The research problem outlined in Chapter 1 of this dissertation recognised that little 

is known about when and in what circumstances crowdsourcing can be used for 

collecting land and property information, how this approach can be implemented, 

and what considerations should be made in the process of its adoption. This 

research confirmed the problem. Furthermore, it found that there is an underlying 
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need for more rigorous and detailed guiding mechanisms for the adoption of 

crowdsourcing for land administration purposes. 

To address the highlighted problem, the Delphi study was selected as the main 

research methodology of this dissertation, as discussed in Chapter 4. The Delphi 

study was useful not only for collecting the experts’ input but also for evaluating 

experts’ views and reaching a consensus among them. This study established a 

consensus on the controversial issue of crowdsourcing in land administration.  

With reference to the results of Delphi study, an innovative and generic framework 

was introduced to facilitate the process of utilising crowdsourcing in land 

administration. This framework provides a foundation for the adoption of 

crowdsourcing in land administration, as discussed in chapter 6. 

To fully address the research problem, the reality of crowdsourced land and 

property data collection was examined by conducting a pilot study in Melbourne. 

The outcomes of this process were discussed with reference to the concepts 

presented within the framework. 

8.4 Key Findings and Contribution to Knowledge 

This research led to a number of outcomes which can also be considered as its 

contributions to the field, as detailed below. 

• The current theory and practice in crowdsourcing in land administration 

were reviewed, and many research gaps in this domain were determined. 

• The presented research detailed an application of the Delphi study and 

showed how it can be used to draw on the knowledge of experts in land 

administration with different points of views on crowdsourcing. The Delphi 

study was an effective means of reaching this consensus. The experience 

showed that the Delphi study is a suitable procedure for use in the context of 

this complex and emerging topic. 

• After the three-round Delphi study, a group of well-respected international 

experts in both land administration and crowdsourcing agreed on the 

following items:  
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o A term to refer to the involvement of citizens in the process of land 

and property data collection: crowdsourced land and property.  

o A definition of ‘crowdsourced land and property’. 

o A comprehensive list of the parameters that could affect the choice of 

a data collection method in land administration. 

o A comprehensive list of the factors that could affect the use of 

crowdsourcing in land administration, ranging from strategic ones to 

operational ones. 

o A list of potential land and property information types for collection 

by means of crowdsourcing. 

• A novel framework for the adoption of crowdsourcing in land administration 

was designed to facilitate the process of using crowdsourcing in land 

administration. 

• A prototype system to examine the real-world application of crowdsourcing 

in land administration. 

• The lessons learned through the conducted pilot study with reference to the 

presented framework. 

8.5 Recommendations for Future Research  

This research was more exploratory in nature than hypothesis-driven. 

Subsequently, it has served to create many new directions for future research which 

could not be addressed within the scope of this research.  

• The presented framework in this dissertation demonstrated a guiding 

mechanism to determine when and how crowdsourcing could be adopted to 

support land and property information. This framework was designed based 

on the consensus of a group of well-respected experts in land administration 

and crowdsourcing. Additional testing and refinement of the framework in 

various countries, contexts, or regions around the world would have been 

beneficial in achieving a more mature framework. It also explored the 

outcomes of applying the framework across jurisdictions to examine its 

applicability.  
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• The framework presented in this research can be used in order to determine 

when and how crowdsourcing can be applied in land administration. Based 

on this framework, stakeholders can gain a specific understanding of the 

steps that they should take and the process they should consider following. 

The degree to which these outcomes can be achieved is unknown at this time; 

therefore, further study is needed to address this concern and hopefully 

provide specific data regarding the performance of this framework. 

• This framework did not concentrate on a specific land and property 

information type. Further and more in-depth study is required according to 

the roles and characteristics of land and property information in this process. 

Furthermore, this research identified the aspects that should be considered 

in the process of adopting crowdsourcing (e.g. social, institutional, technical, 

and legal aspects). However, further and more in-depth study is required for 

each of these aspects according to the relevant jurisdiction’s requirements.  

• Crowdsourcing has emerged in land administration mainly for the collection 

of land and property data in developing countries. However, one of the 

achievements of this study is a potential list of land and property information 

types (based on the consensus of the experts) for crowdsourcing not only for 

developing countries but also for developed countries (refer to Chapter 5). 

Crowdsourcing can be beneficial for developed countries, perhaps not for 

data that has already been captured in the land administration system, but 

for those data types that can add value to the current systems. An example of 

such data might be the temporal land use of a central business district within 

urban settings or the history of a place. However, further investigation is 

required to demonstrate the applicability of the collection of such data types 

by means of crowdsourcing.  

• One of the most contentious issues surrounding crowdsourced land and 

property information is its legitimacy. Without the safeguards associated 

with formal professional and legal processes, crowdsourced information is 

of variable quality and open to potential abuse. The transition between 

crowdsourced land and property data to authoritative data has a significant 

impact on the adoption of crowdsourcing. If that can be achieved, then a 
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major reduction in the work associated with land and property data 

collection by authorities can be achieved. The presented study proposed that 

legislative conformity or willingness to change to support crowdsourcing has 

a significant role in the process of applying crowdsourcing. However, how 

this could happen requires further investigation.  

8.6 Final Remarks 

All citizens are impacted by the RRRs associated with land and property, positively 

and negatively, formally and informally, locally and globally. Therefore, citizens and 

governments have a shared interest in ensuring that all land and property 

information is collected and managed sustainability.  

Crowdsourcing within the emerging spatially-enabled society is opening up 

opportunities to fundamentally rethink how this process can be done. All 

individuals, institutions, and societies must work together to provide a fuller and 

richer picture of land and property information on a worldwide basis to ensure a 

sustainable future. Crowdsourced land and property information can be a part of 

future land administration systems. It could be a complementary or sometimes even 

the only data source for a wide range of land and property information. This study 

presented a framework for the adoption of crowdsourcing for land administration 

purposes. This could make a significant difference in the level of crowdsourcing 

adoption around the world and consequently the level of availability of land and 

property information.  
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Note: This was an online questionnaire. 
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Delphi study – Round 1 Questionnaire 
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Note: This was an online questionnaire. However, its hard copy was sent to the 
panellists on request.  
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Delphi study – Round 2 Questionnaire 
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 Note: This was an online questionnaire. However, its hard copy was sent to the 
panellists on request.  
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Delphi study – Round 3 Questionnaire 
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Note: This was an online questionnaire. However, its hard copy was sent to the 
panellists on request.  

 


