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A B S T R A C T  

Crowdsensing aims to empower a large group of individuals to collect large amounts of data 

using their mobile devices, with the goal of sharing the collected data. Existing crowdsensing 

studies do not consider all the activities and methods of the crowdsensing process and the 

key success factors related to the process. Nor do they investigate the profile and behaviour 

of potential participants. The aim of this study was to design a crowdsensing method for water 

resource monitoring in smart communities. This study opted for an exploratory study using 

the Engaged Scholarship approach, which allows the study of complex real-world problems 

based on the different perspectives of key stakeholders.  

The proposed Crowdsensing Method considers the social, technical and programme design 

components. The study proposes a programme design for the Crowdsensing Method which 

is a Crowdsensing Reference Framework that includes a Crowdsensing Process with key 

success factors and guidelines that should be considered in each phase of the process. The 

method also uses the Theory of Planned Behaviour (TPB) to investigate citizens’ intention to 

participate in crowdsensing for water resource monitoring and explores their attitudes, 

norms and perceived behavioural control on these intentions. Understanding the profiles of 

potential participants can assist with designing crowdsensing systems with appropriate 

incentive mechanisms to achieve adequate user participation and good service quality. A 

survey was conducted to validate the theoretical TPB model in a real-world context. 

Regression and correlation analyses demonstrated that the attitudes, norms and perceived 

behavioural control can be used to predict participants’ intention to participate in 

crowdsensing for water resource monitoring. 

The survey results assisted with the development of an Incentive Mechanism as part of the 

Crowdsensing Method. This mechanism incorporates recruitment and incentive policies, as 

well as guidelines derived from the literature review and extant system analysis. The policies, 

called the OverSense policies, provide guidance for recruitment and rewarding of participants 

using the popular Stackelberg technique. The policies were evaluated using simulation 

experiments with a data set provided by the case study, the Nelson Mandela Bay Municipality. 

The results of the simulation experiments illustrated that the OverSense recruitment policy 

can reduce the computing resources required for the recruitment of participants and that the 

recruitment policy performs better than random or naïve recruitment policies.  

The proposed Crowdsensing Method was evaluated using an ecosystem of success factors for 

mobile-based interventions identified in literature and the Crowdsensing Method adhered to 

a majority (90%) of the success factors. This study also contributes to information systems 

design theory by proposing several sets of guidelines for crowdsensing projects and the 
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development of crowdsensing systems. This study fulfils an identified need to study the 

applicability of crowdsensing for water resource monitoring and explores how a crowdsensing 

method can create a smart community.  

Keywords: Crowdsensing; Water resource monitoring; Smart communities; Theory of 

Planned Behaviour; Data collection protocols 

Publication: In support of this Master’s dissertation, a conference paper was published and 

presented at the SAISCIT 2018 conference (Appendix C). 
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1  I N T R O D U C T I O N  

1.1 Background 

In 2015, the United Nations Sustainable Development Goals (SDGs) set targets to be adopted 

by all nations to tackle climate change and address important areas of human development 

(United Nations, 2017). One of the 17 SDGs, Goal 6, is to “ensure availability and sustainable 

management of water and sanitation for all”. This goal sets several targets including reducing 

water pollution, increasing the efficiency of water use and implementing integrated water 

resource management (UNICEF & WHO, 2017). One of the targets focuses on the importance 

of supporting and strengthening local communities to participate in water, sanitation and 

hygiene (WASH) projects to ensure the success and sustainability of the implementations of 

these projects (Hall et al., 2016).  

There are various players in the provision of water and sanitation services that rely on good 

data to make informed decisions. Examples of such players are local governments who 

manage the infrastructure of water resources, and water authorities who provide water 

services within their municipalities or districts. Accurate and consistent information is the key 

to providing sound water supply and sanitation services (Champanis et al., 2013). Mobile 

technologies offer affordability and sustainability in the dissemination of information, 

monitoring of interventions, as well as communication between communities and their 

service providers (Breslin, 2013; Hellström & Jacobson, 2014).  

The ubiquity of mobile devices has influenced many creative thinkers to use mobile 

technologies as solutions to issues in the WASH sector, including water resource monitoring. 

Water resource monitoring is the collection of data that reflects the current situation of water 

resources at certain points and time intervals (The Office of the Compliance 

Advisor/Ombudsman, 2008). Due to the advent of mobile devices, citizens can act as sensors 

and actively participate in collecting data used to improve the actions of the organisation 

responsible for water sanitation (Yadav et al., 2013). Communities that leverage technology 

(such as mobile devices) to improve the quality of life, make better choices and drive 

innovation are referred to as smart communities (Jin et al., 2014). 

Researchers are realising the potential of leveraging millions of personal mobile devices to 

sense, collect and analyse large amounts of data as an alternative to deploying thousands of 

static sensors in a community (Yang et al., 2015a). This paradigm is commonly referred to as 

crowdsensing. Crowdsensing, also known as participatory sensing, aims to empower citizens 

to use their mobile phones to collect and share sensed data from their surrounding 

environments (Kanhere, 2011).   Figure 1-1 illustrates a typical architecture of crowdsensing 
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as described by He, Chan and Guizani (2015). Crowdsensing allows mobile devices to function 

as sophisticated sensors (He, Chan & Guizani, 2015). With crowdsensing, citizens can use the 

camera as a video and/or image sensor, GPS receivers can provide location information and 

microphones can be used as an acoustic sensor (Kanhere, 2011; Nel, Booysen & Van Der 

Merwe, 2014). The collected data can then be stored in a central database server where it 

can be accessed directly or processed further to create information useful to the relevant 

stakeholders (He, Chan & Guizani, 2015). 

 

Figure 1-1: Typical Architecture of Crowdsensing (He, Chan & Guizani, 2015). 

1.2 Problem Description  

Hydrological science underpins most decision-making on water resources and serves as the 

basis for assessment of risks related to water such as floods and droughts (Hannah et al., 

2011). However, this area of science is characterised by an acute scarcity of data in both the 

spatial and temporal domains. Many developed countries have deployed sensing 

infrastructure to collect spatial and temporal data about city events but it is costly and 

ineffective to use hardware sensors for monitoring in developing regions (Buytaert et al., 

2014). Several African countries are implementing management models to keep water 

sources functional (Jiménez & Pérez-Foguet, 2010; Glotzbach et al., 2013). However, there is 

still a lack of significant improvement in service delivery due to a lack of shared and relevant 

information between communities and service providers. Even though a third of water 

sources in rural areas are non-functional and require servicing  (Jiménez & Pérez-Foguet, 

2010; Glotzbach et al., 2013), cities often receive better service than rural areas. Rural 

communities are unable to access affordable knowledge services due to their state of poverty 

(Champanis et al., 2013).  Other researchers (Hutchings et al., 2012; Breslin, 2013; Hellström 

& Jacobson, 2014) report that there is also a lack of responsiveness by service providers to 

use generated information to inform their decisions or planning in the WASH sector. 

Crowdsensing can alleviate the costs of water resource monitoring by using citizen’s mobile 

devices as sensors.  
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Mobile devices provide an enhanced means of collecting information from consumers and 

service providers, and are being used for various management and monitoring tasks including 

enhanced water usage feedback to water users, automated meter reading and remote 

leakage detection (Nel, Booysen & Van Der Merwe, 2014; Ssozi-Mugarura, Blake & Rivett, 

2016). The use of mobile devices in the WASH sector can make communities smarter by using 

technology to improve the provision of services. However, a common characteristic of 

technology interventions in developing countries is that they are externally conceived and 

address an assumed need with little or no buy-in from the citizens (Dodson, Sterling & 

Bennett, 2013). The risk with such an approach is that instead of empowering communities 

through technology, the interactions result in short-term and imposed implementations 

plagued with uncertain sustainability when the implementer leaves the community. The use 

of crowdsensing to address the challenges of water resource monitoring needs to be 

researched. 

Therefore, the problem statement for this research is as follows:  

There are several problems with the sharing of relevant information between 

communities and water service providers. The main problems relate to the deployment 

of sensing infrastructure, the lack of responsiveness by the service providers to the 

generated information, the lack of access to the information and the sustainability of 

the technology solutions.   

1.3 Research Aim  

The main aim of this research is therefore:  

To design an effective crowdsensing method for water resource monitoring in smart 

communities.  

Weber (2010) defines a method as an information technology (IT) artefact comprising a set 

of steps to solve a defined problem. The main contribution of this study is to propose a 

theoretical crowdsensing method that provides processes, frameworks, theories and 

guidelines to solve the problems defined in Section 1.2.  

1.4 Research Questions 

The main research question (M-RQ) will be used to guide this research study: 

How can crowdsensing be used for effective water resource monitoring in smart 

communities? 
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The following secondary research questions will act as guides to obtain sufficient information 

to answer the primary research question: 

RQ1: What are the problems faced by citizens and water service providers regarding 

crowdsensing and water resource monitoring as identified by literature and within a 

real-world context? 

RQ2: What are the common activities and key success factors for crowdsensing 

projects? 

RQ3: What sociotechnical design can be used for a crowdsensing system that recruits 

and incentivises participants to collect data continuously for water resource 

monitoring? 

RQ4: What design guidelines can be used for crowdsensing for water resource 

monitoring to create a smart community? 

1.5 Relevance and Envisaged Contributions 

Identifying and documenting the essential features of technology solutions is crucial in 

designing IT artefacts. According to Hutchings et al. (2012), there are three useful aspects to 

consider in designing a mobile-based solution, specifically the social, technical and 

programme (STP) design aspects. The STP aspects can be applied to crowdsensing due to the 

nature of crowdsensing of relying on mobile devices as the data collection tool for the system 

platform. Therefore, the crowdsensing method for water resource monitoring in smart 

communities (hereafter referred to as the Crowdsensing Method) will consider all these three 

aspects of design as discussed in this section. 

1.5.1 Social Design 

The social design of a data collection tool such as a crowdsensing system is as important, or 

even more important, than the technical design (Hutchings et al., 2012). Developing a robust 

social design of a crowdsensing system may be seen as more important than the technical 

design because the performance and usefulness of a crowdsensing system are highly 

dependent on citizens’ willingness to participate in the data collection process (Jaimes, 

Vergara-Laurens & Raij, 2015). The number of participants to guarantee coverage and data 

quality determines the success or failure of a crowdsensing project. Hutchings et al. (2012) 

urge researchers to gain an understanding of the social system around their technical 

solutions because every user has special requirements for what they want the system to 

address. Hutchings et al. (2012) propose four social design considerations: 
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 User perceptions to explore the social system around the solution, as the social 

context has a direct influence on users’ intentions to use the technical solution.  

 Incentives and barriers for participation. 

 Privacy of users’ personal information. 

 Verification to ensure credibility and usefulness of the collected data. 

1.5.2 Technical Design 

 The technical design of a solution covers the customisation and enhancement of mobile 

devices, as well as the evolving of features and platforms to meet the specific needs of the 

project (Hutchings et al., 2012). Common technical design options that are used for data 

collection in the WASH sector are smartphone applications, short message service (SMS), 

interactive voice response and geolocation features. Common technical design options for 

data dissemination and analytics are web-based dashboards and mapping, bulk SMSs and 

other reports and data formats such as spreadsheets, videos and interactive graphs. 

1.5.3 Programme Design 

The programme design is the management structure of the solution which ensures the 

longevity and sustainability of the developed system (Hutchings et al., 2012). The programme 

design highlights the plan for implementation and ongoing sustainability of the system.  

1.5.4 Envisaged Contribution 

The sociotechnical theory emphasises that technology and the people that use the technology 

are interdependent and that people’s behaviour and technology affect each other (Klein, 

2014). Klein (2014) states that it is imperative that researchers clarify how technology and 

people’s behaviour affect each other. The envisaged main contribution of this study is a 

Crowdsensing Method that has three components, each of which is also a contribution to the 

research community: a social, technical and programme design of crowdsensing for water 

resource monitoring. However, since the technical and social designs overlap and have a 

significant effect on each other, this study combines the social and technical designs into one 

sociotechnical design (Figure 1-2). 
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Figure 1-2: Sociotechnical Design for Crowdsensing Method (Author’s Own Construct). 

Therefore, the proposed Crowdsensing Method has two main components, a sociotechnical 

design and a programme design (Figure 1-3). 

 

Figure 1-3: Proposed Crowdsensing Method considering STP Design (Author’s Own Construct). 

1.6 Scope and Constraints 

The main topic of this research is citizen engagement in water resource monitoring, with a 

focus on crowdsensing. The field of citizen science will be investigated to highlight how 

crowdsensing can optimise water resource monitoring efforts in developing countries. In 

addition, the research study will explore how to motivate citizens to participate in 

crowdsensing, what information to collect and how to incorporate social design aspects in 

crowdsensing systems. Due to time constraints, this study will not cover the implementation 

and evaluation of the technical solution but rather focus on developing a robust 

Crowdsensing Method 
for Water Resource 
Monitoring in Smart 

Communities

Sociotechnical 
design

Programme design
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sociotechnical design for a crowdsensing system for water resource monitoring. In addition, 

the service providers’ behaviour in response to information generated from crowdsensing is 

out of the scope of this study. 

1.7 Research Methodology and Dissertation Structure 

Van de Ven (2007) proposes the engaged scholarship methodology as a research 

methodology to enhance the rigour and relevance in research. Engaged scholarship is a form 

of participatory research that studies complex real-world problems based on the different 

perspectives of key stakeholders. Engaged scholarship is concerned with bridging the theory-

practice gap by involving stakeholders, such as practitioners, users, sponsors, clients and 

researchers, to simultaneously develop new theoretical insights and contribute to practice 

problem solving (Van de Ven, 2007; Mathiassen, 2017). The defining characteristic of engaged 

scholarship is that it strives to solve problems in a real-world situation (Mathiassen, 2017), 

thus making engaged scholarship a suitable methodology to address the main research 

question of this study. The four research activities of engaged scholarship are as follows (Van 

de Ven, 2007): 

1. Problem formulation.  

2. Theory building.  

3. Research design. 

4. Problem solving. 

This study will use the design and evaluation form of engaged scholarship to allow the 

researcher to direct all activities as an external observer in attempting to solve the practical 

problem that exists in water resource monitoring. The researcher will engage with 

stakeholders through a citizen science approach, so the stakeholders can influence the study 

designs that may affect them, as well as give consent where required. In citizen science, the 

public plays a role in data collection across broad geographic regions, usually to address 

questions raised by researchers (Bonney et al., 2009b; Cavalier & Kennedy, 2016). More 

details about citizen science can be found in Chapter 2. Engaged scholarship, along with 

citizen science, will influence the execution of the research activities in this study. The 

engaged scholarship methodology and a description of how it will be applied are also 

discussed in more detail in Chapter 2. Figure 1-4 illustrates the structure of this dissertation. 
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Figure 1-4: Dissertation Structure. 

Chapter 1 has introduced the real-world problem and an area of concern in literature. The 

motivation and relevance of this study have been discussed and the methodology that will be 

used to carry out this study was identified. Chapter 2 describes and argues for the engaged 

scholarship research methodology to be adopted for this study. The second chapter also 

introduces the conceptual framing to support and structure the data collection and analysis, 

and methods of inquiry that allow the researcher to answer the research questions.  

Chapter 3 presents a systematic review of the literature on the area of concern, which is the 

adoption of crowdsensing for water resource monitoring in smart communities. The 

evaluation of what is known, or not known, about the area of concern will substantiate the 

relevance of the study and the choice of the research questions. The chapter starts by 

describing water resource monitoring and how the ubiquity of mobile devices have 

revolutionised the water sector. Smart communities are defined and crowdsensing is 

proposed as a means of building a smart community. The findings of the literature review 

enable the proposal of a Crowdsensing Reference Framework, which is a part of the 

programme design of the Crowdsensing Method.  

Chapter 4 initiates the crowdsensing process proposed in the previous chapter by focusing 

on the first phase of the crowdsensing process, the Project Initiation phase. A global survey 
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was conducted to inquire about citizens’ motivations for participating in water resource 

monitoring using crowdsensing. Chapter 5 uses a literature review and the results of the 

survey to develop recruitment and incentive policies for the sociotechnical design for the 

Crowdsensing Method. The policies are evaluated using simulation experiments on a real-

world dataset.  

Chapter 6 presents an evaluation of the entire Crowdsensing Method against criteria 

identified in literature. Chapter 7, the final chapter of this dissertation, reports on the 

contributions to the real-world problematic situation and the area of concern as a response 

to the main research question. Finally, recommendations for future work are provided.  
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2  R E S E A R C H  M E T H O D O L O G Y  

2.1 Introduction 

The preceding chapter introduces the research by describing the problem the study is trying 

to address, as well as the identified research aim and questions. Engaged scholarship is 

motivated as a suitable choice for this research study (Section 2.2).  The engaged scholarship 

research methodology provides a research design that has several components including a 

conceptual framing to guide data collection (Section 2.3) and methods of inquiry for the data 

collection (Section 2.4). There are several ethical considerations of the study (Section 2.5). 

2.2 The Engaged Scholarship Research Methodology  

Iivari, Hirschheim and Klein (1998, p.173) describe information systems (IS) as “technical 

systems with social implications” or “social systems that are technically implemented”. Iivari, 

Hirschheim and Klein (1998, p.173) go on to describe an IS as a social system that can be 

characterised as an “embodiment of interpretive schemas, facilities for coordination and 

organisational/social norms”. IS research has shifted focus from technological challenges to 

process, organisational and social challenges. Thus, there is an ongoing requirement to use a 

suitable research methodology that guides researchers to understand and interpret the social 

process in order to develop an IT artefact.  

The engaged scholarship methodology is ideal for IS research because an engaged scholarship 

study exposes researchers to social systems of practice and science to develop real knowledge 

aimed at solving real problems (Van de Ven, 2007). Mackinnon (2010) describes a scholarship 

that is engaged as a scholarship of action, which focuses on doing instead of talking about 

doing. Instead of focusing on the lifeworld of scholars, engaged scholarship is primarily 

concerned with the lifeworld in the community (Van de Ven, 2007). Thus, the impact of 

engaged scholarship centres more directly on the concerns of the community, while still being 

of reciprocal benefit to science. Van de Ven (2007) proposed engaged scholarship to enable 

scholars to expand their capabilities by studying complex problems and generating knowledge 

that advances both science and practice. Engaged scholarship has the ability to produce 

knowledge that is more insightful and penetrating as compared to research generated by 

solitary scholars or practitioners because engaged scholarship leverages different kinds of 

knowledge retrieved from involving others in the study (Van de Ven, 2007). Engaged 

scholarship views organisations, groups and individuals as learning workplaces where 

scholars and practitioners can jointly produce knowledge by running alternative tests and 
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investigating different views of a common problem (Boyer, 1996). Engaged scholarship is 

based on the following key components of critical realism (Van de Ven, 2007): 

 People have a limited individual understanding of the real world that exists outside 

themselves. 

 All data, facts and observations are theory-laden, whether explicitly or implicitly. 

 Understanding complex real-world problems require multiple perspectives. 

 Methods of inquiry can never be value-free and impartial; some methods are better 

suited to examining a phenomenon than others. 

 An evolutionary growth of knowledge can be generated by selecting models that fit 

the intended problem. 

 Theoretical and methodological triangulation (the use of many methods, models and 

sources of information in a study) produces robust knowledge.  

This study is based on an assumption that a particular object of IS research may have three 

different perspectives (the STP design), thus requiring a mixed-method strategy. Engaged 

scholarship is based on critical realism which, unlike other IS research models, recognises that 

knowledge can be physical, social and theoretical (Mingers, Mutch & Willcocks, 2013). 

Engaged scholarship takes a critical realist perspective that takes a subjective epistemology 

and objective ontomology, thus, it supports triangulation to access the different types of 

knowledge (Van de Ven, 2007).   

2.2.1 Engaged Scholarship Diamond Model 

Engaged scholarship as a methodology allows the researcher to step outside themselves to 

obtain and be informed by the understanding of others in each activity of the research process 

(Van de Ven, 2007). The four activities of an engaged scholarship study are:  

ACTIVITY 1: Problem formulation: Situate, ground and diagnose the research problem 

and question in its real-world context. This activity requires engaging with the people 

who experience and know the problem, as well as conducting a review of relevant 

literature.  

ACTIVITY 2: Theory building: Build a conceptual model by developing and adapting 

plausible alternative theories to address the research question as it exists in its 

context. Theory building requires a continuation of the review of relevant literature 

from the problem formulation. This activity continues the review of relevant literature 

from the Problem Formulation activity in addition to reviewing existing theories and 

research. This activity also required engaging with knowledge experts from relevant 

disciplines and functions that have addressed the problem.  
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ACTIVITY 3: Research design: Design and conduct research to evaluate how well the 

alternative theory applies to the case by comparing plausible alternative models that 

address the research problem. This activity requires engaging with research 

methodology experts, as well as the people in the communities giving consent to the 

study and access to data. 

ACTIVITY 4: Problem solving: Communicate, interpret, and apply the research findings 

to the solution that better answers the research question to address the problem. This 

activity requires engaging with the intended audience to interpret the findings. 

The engaged scholarship methodology requires multiple iterations and revisions of the four 

research activities to refine the developed models and theories (Figure 2-1). This study follows 

the engaged scholarship research activities beginning with formulating a problem and 

searching for relevant theories, then using the theories to develop a model which is then 

evaluated to deliver a solution that is then applied to a real-world context. The research 

methodology may deliver several subsidiary problems that need to be addressed as an 

interdependent set, resulting in a coherent pattern when the study is complete (Van de Ven, 

2007).    

 

Figure 2-1: Engaged Scholarship Methodology [Adapted from Van de Ven (2007)]. 
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2.2.2 Forms of Engaged Scholarship 

The implementation of engaged scholarship can be practised in four forms in attempting to 

address the research questions (Van de Ven, 2007): 

 Informed basic research: focuses on understanding a social phenomenon by obtaining 

the perspectives and advice of relevant stakeholders on a research question. 

 Collaborative research: focuses on the collaboration and co-production of knowledge 

with stakeholders. 

 Design and evaluation research: focuses on the design and evaluation of artefacts to 

support stakeholders in addressing practical problems. 

 Action/intervention research: focuses on changing practices by applying 

interventions to the specific needs of a client through problem-solving while 

developing theoretical insights to contribute to academic knowledge.  

Informed basic research, and design and evaluation research require the researcher to be an 

external observer of the social system under examination (Van de Ven, 2007). It is necessary 

for the researcher to take an outsider role to enable the production of impartial and 

legitimate results. The researcher remains in control of all research activities while the 

stakeholders take an advisory role. On the other hand, the collaborative and 

action/intervention forms of research require a balance of power and activities between the 

researcher and the stakeholders. The researcher takes on the role of an internal participant 

in the client’s social setting to aid in the understanding of the problem. Table 2-1 presents the 

four forms of engaged scholarship and how they relate to the research question and 

perspective. 

  Research Question 

  To describe/explain To design/control 

Research 

Perspective 

External 

observer 
Informed basic research Design and evaluation research  

Internal 

participant 
Collaborative research Action/intervention research 

Table 2-1: Forms of Engaged Scholarship [based on Van de Ven (2007)]. 

Based on the main research question of this study (Section 1.4), the design and evaluation 

form of engaged scholarship will be adopted. This form of research allows the researcher to 

go beyond describing the research problem to attempt to obtain knowledge of the efficacy of 

alternative solutions that can be applied to the problems (Van de Ven, 2007). In addition, 

design and evaluation research fits into the study’s goal to design and evaluate a method for 

solving a practical problem within a certain area of context. 
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2.2.3 Structure of an Engaged Scholarship Study 

Mathiassen (2017) proposes a generic structure of an engaged scholarship study with the 

following components and relationships: 

 A research question (RQ) is raised based on a real-world problematic situation (P) and 

an area of concern in the literature (A). 

 The researcher collects and analyses empirical data drawing on a conceptual 

framework (F) and a method of inquiry (M). 

 Eventually, the research leads to contributions to P (CP) and A (C𝐴), and possibly to F 

(C𝐹) and M (C𝑀). 

Table 2-2 presents the descriptions of each of the components of engaged scholarship while 

Figure 2-2 illustrates the relationships between the components. 

Component Description 

Title The title expresses the essence of your research design with an emphasis on C. 

P People’s concerns in a real-world problem setting.   

A An area of concern in some specific body of knowledge within the literature that 
relates to P.  

F The conceptual framing guides data collection and is the foundation for data analyses 
to answer RQ. 

M The adopted methods of empirical inquiry to guide the engaged scholarship research 
that allow the research to draw available data from P and answer the RQ. 

RQ The research question relates to P and allows for research into A. All relationships 
must focus on the central role of the RQ to ensure the research design is coherent 
and consistent. 

C The contributions to P and A and possibly to F and M 

Table 2-2: Components of the Structure of an Engaged Scholarship Study. 

 

Figure 2-2: Generic Structure of Engaged Scholarship Study (Mathiassen, 2017). 

2.2.4 Motivation for Engaged Scholarship as a Research Methodology 

Engaged scholarship was selected as a suitable research methodology based on the following 

principles (Mathiassen, 2017): 
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 Engagement scholarship is defined and driven by engagement with the problem 

setting, which is achieved by drawing on the perspectives of key stakeholders in a real-

world problematic situation. 

 Engaged scholarship aims to develop knowledge that may help address the practical 

problem, as well as contribute new knowledge to extant literature in the area of 

concern. 

 Engaged scholarship distinguishes the area of concern bound by literature from the 

real-world problem resulting in the dual goal of contributing to practice and academic 

literature. 

 Engaged scholarship places the research question at the core of the research design 

and ensures that the main research question relates both to the problem in the real 

world and literature. 

 By engaging researchers or practitioners in the problem and area of concern, engaged 

scholarship helps bring the issues to light and part of a conversation. 

 The iterative methodology allows the researcher to refine the contributions to ensure 

satisfactory contributions to theory and practice. 

 Engagement of people from diverse perspectives and backgrounds allow the 

triangulation of the complex problem to access different kinds of knowledge the study 

will provide. 

2.3 Conceptual Framing (F) 

In the engaged scholarship methodology, the conceptual framing helps guide the data 

collection and analysis (Mathiassen, 2017). The choice and articulation of conceptual framing 

are important because the conceptual framing drives the researcher in answering the main 

research question to develop the research contributions. Options for conceptual framing can 

be drawn on concepts from the literature gathered on A (FA) and concepts independent of A 

(FI). This study draws on several theories and models as the conceptual framing that guides 

data collection specifically: 

 𝐹𝐴: Citizen science as a model for citizen participation in science research (Section 

2.3.1). 

 𝐹𝐴: Incentive Theory for Participatory Crowdsourcing (Section 4.2.2.2). 

 𝐹𝐼: Theory of Planned Behaviour (Section 4.2.1). 

2.3.1 Defining Citizen Science 

Citizen science is a term with multiple origins (Riesch & Potter, 2014). Alan Irwin first 

introduced citizen science as a more democratic form of participatory science in which science 
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addresses, and seeks to meet, the concerns and needs of citizens (Irwin, 1995; Cavalier & 

Kennedy, 2016). In addition, Irwin’s idea of a more democratic science looks towards citizens 

to take charge of the production of reliable scientific knowledge. Unaware of Irwin’s work, 

Rick Bonney used citizen science as a term that describes projects where non-scientists 

contribute scientific data (Bonney et al., 2009b; Cavalier & Kennedy, 2016). Bonney’s 

definition limits the role of the citizen to participating in data collection, however, citizen 

science has expanded to engage the public in other aspects such as formulating research 

questions and data interpretation (Cavalier & Kennedy, 2016).  

Citizen science differs from other collaborative approaches to public participation in scientific 

research because it is founded on the active engagement of non-scientists in the generation 

of scientific knowledge (Wiggins & Crowston, 2011). Citizen science is appropriate to guide 

the data collection and analysis as citizen science engages a dispersed network of volunteers 

to assist in professional research using methodologies that have been developed by or in 

collaboration with professional researchers (Cooper et al., 2007). Citizen science has become 

a popular approach for engaging communities in scientific research to increase the chances 

of technology acceptance and sustainability in communities (Pocock et al., 2014).  

The digital revolution has made citizen science a widespread phenomenon across various 

environmental disciplines (Wiggins & Crowston, 2011). Citizen scientists can use the Internet, 

smartphones and other network connections to submit their observations anywhere and at 

any time. Examples of the application of citizen science in water resource monitoring include: 

 Starkey et al. (2017) describe the value of using citizen science for catchment 

modelling and characterisation in the United Kingdom. Citizens’ flood, rainfall and 

river level observation were used to build a catchment model to support the 

characterisation and management of catchment response. 

 Wanda et al. (2017) describe how citizen science was used to collect water samples 

and personal observations to determine WASH-related risks in Malawi. 

 In 1998, GroundTruth, an environmental consulting organisation, collaborated with 

the Wildlife and Environment Society of South Africa (WESSA) to develop miniSASS 

(Graham, Dickens & Taylor, 2004). MiniSASS allows citizens to identify if certain 

animals are present in the water as an indicator of river health. 

Wiggins and Crowston (2011) argue that the active involvement of non-scientists in the 

research may deliver benefits to the non-scientists, either intrinsically or extrinsically. 

Researchers have identified several benefits of citizen science such as increasing the amount 

of scientific data, building social capital by enrolling communities toward environmental 

goals, driving policy change as well as challenging authority to support social justice struggles 

(Kimura & Kinchy, 2016).  
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2.3.2 A Typology of Citizen Science based on Citizen Involvement 

The role of the citizen in citizen science is different from volunteering to participate in a 

research study such as giving an interview, joining a focus group or responding to a survey. 

Citizen science is about the process of citizens collecting and coding data about the world they 

observe around them. The citizens are the observers. Haklay (2013) presents a framework for 

classifying the engagement and participation of citizens in citizen science activities (Figure 

2-3). The four levels of citizen science in Haklay’s framework are crowdsourcing, distributed 

intelligence, participatory science and extreme citizen science. 

 

Figure 2-3: Framework for Classifying Citizen Engagement and Participation in Citizen Science 

(Haklay, 2013). 

Level 1 - Crowdsourcing: Haklay’s framework describes the most basic level of citizen science 

as crowdsourcing (Haklay, 2013). Crowdsourcing focuses on obtaining the needed services or 

content by soliciting contributions from people (Guo et al., 2014). Crowdsourcing is an activity 

that engages people to perform tasks that automated sensors cannot accomplish (Hochachka 

et al., 2012). An example of crowdsourcing is Wikipedia, where thousands of contributors 

across the world have collectively created the world’s largest encyclopaedia. Crowdsensing is 

a form of crowdsourcing that collects sensor data from mobile devices (Haklay, 2013; Yang et 

al., 2015a). Citizens participate by providing the resources necessary for automatic data 

collection using sensors (volunteered computing) or by being sensors themselves (human 

sensors). Figure 2-4 illustrates the relationship amongst citizen science, crowdsourcing and 

crowdsensing. 

• Collaborative science- problem definition, data collection and analysis.

Level 4: Extreme Citizen Science

• Participation in problem definition and data collection.

Level 3: Participatory Science

• Citizens as basic intepreters

• Volunteered thinking

Level 2: Distributed Intelligence

• Citizens as sensors

• Volunteered computing

Level 1: Crowdsourcing
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Level 2 - Distributed Intelligence: The drawback of the basic level of engagement is that the 

participants’ cognitive abilities are wasted (Haklay, 2013). The second level utilises the 

cognitive ability of the participants by requiring the participants to undertake some basic 

training, observe and collect data and/or carry out a simple interpretation activity.  

 

Figure 2-4: Citizen Science vs Crowdsourcing vs Crowdsensing (Author’s Own Construct). 

Level 3 - Participatory Science: Citizens define the problem, and devise a data collection 

method in consultation with scientists and experts (Haklay, 2013). The citizens are also 

engaged in the data collection but require the assistance of the scientists in the analysis and 

interpretation of the data. 

Level 4 - Extreme Citizen Science: Extreme Citizen Science is an advanced level of citizen 

science that involves the complete integration of problem determination, data collection and 

other research activities (Haklay, 2013). The participants may choose not to take part in the 

analysis and interpretation of results. This form of citizen science requires the scientists to act 

as facilitators and not just experts. 

A citizen science project may be classified into more than one category. For example, in 

computing projects, most participants may just provide computing power as crowdsensing. 

Participants committed to the project could develop their skills to be able to help other 

participants with technical problems. Highly committed participants could move to a higher 

level and get in touch with the project coordinator (scientist) to discuss results and suggest 

new research directions (Haklay, 2013). 

2.3.3 A Typology of Citizen Science Participation in Scientific Research 

Bonney et al. (2009a) state that there are ten steps of citizen involvement in scientific 

research. Firstly, a research question for the study is defined. The next step is to gather 

information and resources required to address the research question. Several hypotheses are 

formulated to explain the phenomenon, followed by the design of data collection 

Crowdsensing

Crowdsourcing

Citizen science
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methodologies to test the hypotheses. The next steps are to collect data, then analyse the 

samples. Any data that is collected and data that comes from the analysis of the collected 

samples are analysed and interpreted to draw raw conclusions. Lastly, the results are 

disseminated to the intended audience to be discussed and formulate new research 

questions.  

There are three types of citizen science research projects; contributory, collaborative and co-

created projects (Bonney et al., 2009a).  Contributory projects are generally driven by 

researchers and the citizens are mainly involved in the data collection (Bonney et al., 2009a). 

Collaborative projects are similar to contributory projects where citizens contribute to the 

project by collecting data to answer the research questions posed by scientists. However, 

citizens participating in collaborative projects are actively involved in analysing the data and 

can take part in the design of data collection protocols, data interpretation, as well as 

dissemination of results. In co-created projects, citizens are involved in all ten research steps 

and may even come up with the research question. Bonney et al. (2009a) devised a typology 

of citizen involvement in citizen science research projects highlighting citizen involvement in 

the steps of scientific research (Table 2-3). 

RESEARCH STEPS 
CONTRIBUTORY 

PROJECTS 
COLLABORATIVE 

PROJECTS 
CO-CREATED 

PROJECTS 

Define question    

Gather information and resources    

Develop hypotheses    

Design data collection methodologies  ()  

Data collection    

Analyse samples    

Analyse data ()   

Interpret data and raw conclusions  ()  

Disseminate results () ()  

Discuss results and ask new questions    

 = Citizens involved in step; () = Citizens sometimes involved in step 

Table 2-3: Typology and Steps of Citizen Participation in Scientific Research (Bonney et al., 

2009a). 

2.3.4 Citizen Science and Engaged Scholarship 

This research study proposes using the citizen science method proposed by  Bonney et al. 

(2009a)  to guide citizen engagement and participation in the study. In citizen science 

research, the public plays a role in data collection across broad geographic regions, usually to 

address questions raised by researchers (Wiggins & Crowston, 2011), thus, making it suitable 

to be the conceptual framing to support the engaged scholarship methodology. In this regard, 

the researcher proposes incorporating the ten research steps of citizen science within the 
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four activities of engaged scholarship to provide the researcher with a process and guidelines 

to follow throughout this research (Figure 2-5). 

 

Figure 2-5: Mapping of Citizen Science Steps to Engaged Scholarship Diamond Model (Author’s 

Own Construct Adapted from Figure 2-1). 

2.4 Adopted Methods of Inquiry (M) 

As stated earlier, researchers practising engaged scholarship can use a wide portfolio of 

qualitative and quantitative methods to obtain an understanding and perspectives from key 

stakeholders in a real-world problematic situation (Van de Ven, 2007). Mixed methods 

research is research that combines components of quantitative and qualitative research 

approaches for purposes such as improving data accuracy, expanding the range of inquiry and 

combining information from complementary data sources to produce a more complete 

picture of the research context (Johnson, Onwuegbuzie & Turner, 2007; Denscombe, 2008). 

A mixed methods approach to this research study design was selected to support engaged 

scholarship because it allows the consideration of the primary research question from 

different angles and allows the researcher to choose the best research method to answer 

each secondary research question (Bryman, 2012). In addition, using mixed methods provides 

a better understanding than qualitative or quantitative methods alone (Denscombe, 2008). 
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Researchers using the engaged scholarship methodology can use extant theory and empirical 

findings to address the research problem (Van de Ven, 2007). 

2.4.1 Critical Literature Review  

This study uses a literature review to answer several research questions. The review fuels 

both the Problem Formulation and Theory Building research activities to gather information 

and resources about the area of concern and the conceptual framing that guides the data 

collection in the Research Design activity. Three inclusion criteria were defined to assess 

studies’ relevance and validity. The selected studies had to 1) originate from a quality 

conference paper, peer-reviewed article, or reputable website, organisation, book publisher 

or university, 2) date after 2011 and 3) be conference papers, scientific articles, books, theses, 

websites and reports. Three fields of research were identified as starting points for the search:  

 Crowdsensing as the main area.  

 WASH as the specific field of the studies. 

 Smartphones as the target devices. 

Google Scholar and Google Search were selected to perform the search for the literature. 

Although Google Scholar offers the advantage of an automated full-text search, Google 

Search allowed the researcher to acquire relevant data from crowdsensing websites that have 

not published articles on their work. Table 2-4 shows the specific search terms to be used in 

the literature search.  

FIELD STRING 

Crowdsensing 
(“crowdsensing” OR “crowd sensing” OR “citizen science” OR “human 
sensors” OR “mobile crowdsensing” OR “crowdsourcing” OR “crowd 
sourcing” OR “citizen participation”) 

WASH 
(“water” OR “WASH” OR “water resource monitoring” OR “water 
monitoring” OR “environment” OR “environmental monitoring” OR “water 
resources”) 

Mobile Context 
(“mobile application” OR “mobile app” OR “app” OR “smartphone” OR 
“mobile device” OR “mobile phone” OR “mobile device sensors”) 

Table 2-4: Search Strings for Literature Review. 

The search was carried out several times depending on the research objective. In addition to 

the search engines, literature was also obtained via references in the selected articles. The 

analysis of the studies was based on subject analysis by going through the abstract to decide 

whether the document should be entirely read.  

2.4.2 Empirical Research Methods 

As stated earlier, IS research is not only about technical solutions, but human behaviour, 

project management and organisational issues. Empirical methods are crucial for disciplines 
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like Web and software engineering as they allow researchers to incorporate human behaviour 

into the research approach that they choose. Empirical research is a means of deriving 

knowledge from actual experiences or observations rather than theories or belief, thus, it 

allows for informed and well-grounded decisions, by making it possible to evaluate and 

validate results scientifically (Wohlin, Höst & Henningsson, 2006). There are two types of 

approaches to empirical studies; qualitative and quantitative research. The main methods 

used in empirical research are surveys, experiments, case studies and observational methods 

(Kitchenham et al., 2002).  

2.4.2.1 Qualitative and Quantitative Research  

This study uses both quantitative and qualitative empirical methods in a mixed methods 

approach to allow for the theoretical and methodological triangulation of the research 

problem. Qualitative research focuses on understanding phenomena in their natural setting 

(Wohlin, Höst & Henningsson, 2006). Qualitative research involves using explanations the 

subjects of the study brings to the researcher to interpret a phenomenon and understand the 

subjects’ view of the problem. On the other hand, quantitative research focuses on identifying 

a cause and effect relationship. Many researchers conducting quantitative research set up 

experiments or collect data through surveys or case studies. Quantitative methods require a 

hypothesis and the researcher exists as an objective, impartial observer. However, 

quantitative methods do not allow the exploration of subjects in depth and may force people 

into categories. In this regard, it is common to use quantitative and qualitative research 

approaches to investigate the same topic but answer different research questions. A 

researcher can conduct quantitative research to test the effect of some manipulation and 

then use qualitative research to understand the results of the quantitative investigation.  

2.4.2.2 Survey 

Surveys involve collecting a large amount of qualitative or quantitative data from a large 

number of people in the target population, primarily through questionnaires and interviews 

(Wohlin, Höst & Henningsson, 2006). In this study, the researcher distributed a questionnaire 

to citizens to understand factors that would affect their motivation to participate in 

crowdsensing for water resource monitoring. This method was used in the Problem 

Formulation and Problem Solving activity of engaged scholarship to engage with the citizens 

and collect data relevant to the development of the solution. The researcher engaged with 

knowledge experts in the relevant disciplines, as well as people from case study organisations 

who provided access to the citizens and information. Engaging with the knowledge experts is 

performed in the Theory Building activity of engaged scholarship to develop a conceptual 

model to address the research question. The results of the surveys are analysed to derive 

descriptive and explanatory conclusions and then generalised to the sampled population. 
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2.4.2.3 Experiment 

An experiment typically begins with a research question that requires testing through 

experimentation (Kitchenham et al., 2002). Usually, a researcher has a certain theory which 

they use to propose and test a hypothesis in order to derive predictions about specific events. 

The objective of an experiment is to manipulate one or more variables and measure the effect 

of the manipulations (Wohlin, Höst & Henningsson, 2006). An experiment ends with the 

interpretation of the data and formulation of a theory. The results of the experiment are 

presented as the most reasonable explanation for the phenomenon. Experiments also relate 

to the Problem Solving activity of engaged scholarship where the study runs confirmatory 

experiments to test hypotheses derived in the Theory Building activity as rigorously as 

possible.    

2.4.2.4 Case Study  

Yin (2014) defines a case study approach to research as a form of empirical inquiry. A case 

study is an intensive systematic investigation of a person, group of people, community or a 

unit in which the researcher examines complex phenomena in the natural setting to increase 

the understanding of the phenomena (Yin, 2014). In research, case studies allow the 

researcher to investigate a complex issue, within its real-life context and to gain an 

understanding of the issue from the participant’s perspective. The engaged scholarship 

methodology often relies on a case study to represent the real-world problematic situation in 

a research study (Mackinnon, 2010). Case studies can be used to study a real project by 

examining in-depth data relating to several variables, with the aim of generalising over several 

units (Gustafsson, 2017).  

This study uses the case study approach in conjunction with engaged scholarship, to test the 

sociotechnical design. Most municipalities or cities in Africa do not have an open 

communication line between citizens and their service providers. Furthermore, data sourced 

from citizens may not be available and/or may not be given to research institutions or 

universities to be used in research. The Nelson Mandela Bay Municipality (NMBM) was 

approached to serve as a case study for this research since they have similar problems to the 

problems identified in literature (Section 1.2). Agreement was obtained to use their dataset 

with records of complaints made by citizens for the purposes of this research study. 

The NMBM is a metropolitan municipality in South Africa, located in the Eastern Cape 

Province. NMBM comprises the city of Port Elizabeth, the towns of Uitenhage and Despatch, 

and the surrounding rural areas (Figure 2-6). Nelson Mandela Bay Municipality (2016) reports 

that 100% of the households in NMBM have access to water and informal areas receive water 

through standpipes within a 200m radius. However, NMBM is still facing challenges of water 
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losses and scarcity threatening sustainable water supply for the residence. NMBM continually 

invests in infrastructure that can address water scarcity in the municipality. One of NMBM’s 

initiatives to address the water crisis is the provision of a hotline for citizens to report water 

issues such as blockages, leaks and abuse.  

 

 

Figure 2-6: Nelson Mandela Bay Municipality. 
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2.5 Research Methods and Dissertation Structure 

This study follows Van de Ven's (2007) engaged scholarship methodology to inform the 

activities of the study. The study uses citizen science as the conceptual framing to guide the 

data collection and analysis, while the mixed methods approach is used for empirical inquiry. 

A significant aspect of engaged scholarship is to ground the research in theory and the real-

world problem. The real-world problem in this study revolves around the problems with the 

sharing of relevant information between communities and water service providers. Figure 2-7 

illustrates how the methodology was adopted, how the iterations were implemented to 

address the RQs and how each chapter reports on each of these aspects. 

Chapters 1 and 3 provide a deep understanding of the area of concern and the real-world 

problem using a critical literature review and the case study approach respectively. RQ2 is 

fully addressed in Chapter 3 while RQ1 and RQ4 are addressed in Chapters 3 and 4. RQ3 is 

addressed in Chapters 4 and 5. 

The engaged scholarship methodology is iterative in nature and this study performs three 

iterations of the four research activities (Problem Formulation, Theory Building, Research 

Design and Problem Solving). Two iterations are reported on in Chapter 4; these iterations 

were conducted to understand the real-world problem from the citizens’ perspective. A 

survey was conducted to provide detailed insight into the real-world problem regarding 

citizens’ perceptions of crowdsensing for water resource monitoring and the relationship 

between theory and the real-world problematic situation. The third iteration, covered in 

Chapter 5, contributed to the development of the sociotechnical design of the Crowdsensing 

Method. The sociotechnical design is a significant contribution to both the area of concern 

and the real-world problematic situation as it proposes recruitment and incentive policies 

that can be used to recruit and motivate citizens to contribute data to a crowdsensing system 

continuously. The sociotechnical design is evaluated through a set of experiments and the 

results of the experiments showed that the recruitment policy performs better than random 

or naïve recruitment policies.  

Several research contributions to the area of concern and real-world problem are made from 

Chapters 3 to 5. These contributions all form part of the Crowdsensing Method, which is 

iteratively developed and improved upon. The Crowdsensing Method is evaluated in Chapter 

6 using success factors for mobile-based solution design as proposed by Hutchings et al. 

(2012). To conclude this research, the final chapter, Chapter 7, reports on the key findings of 

this study and how the main research question is addressed and provides recommendations 

for future research.
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Figure 2-7: High-Level Process Flow Diagram of this Research Study.
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2.6 Ethical Considerations 

Myers and Venable (2014) state that researchers must use the ethical principles adopted by 

research institutions when conducting IS research due to reasons such as the dual potential 

of IT to enhance or destroy human dignity. One of the main concerns is the risk of violating a 

research subject’s privacy; revealing a person’s information to others and subjecting them to 

disastrous consequences. In this regard, there is an increased focus on the adherence to 

ethical principles by higher education institutions and research institution boards. The Nelson 

Mandela University requires any researchers seeking to involve human participants in their 

study to seek ethical approval from the university’s research ethics committee board. Since 

this study engages with stakeholders at every step of the research, it was pertinent that the 

researcher seeks the ethics approval from the committee. The approval was granted and the 

ethics clearance number for this study is H17-SCI-CSS-008 (Appendix A).  

Following ethical guidelines, the stakeholders involved in this study were required to sign a 

consent form to confirm their voluntary participation in this study. All stakeholders were 

treated fairly and with honesty and the data they provided was kept safe and secure.  The 

data was only used for the purposes of this study. 

2.7 Summary  

This chapter discussed the research methods to be used in this study. Van de Ven (2007) 

proposes four activities that form an engaged scholarship study - Problem Formulation, 

Theory Building, Research Design and Problem Solving. These activities, in conjunction with 

the contributory citizen science model (Bonney et al., 2009a), will be used to govern this 

research study. Mathiassen (2017) provides a template to support the process of research 

design for an engaged scholarship study. The template is adapted to this research study based 

on information from previous sections (Table 2-5). 
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Component Description Application in this Research Study 

Title The title expresses the essence of 
your research design with an 
emphasis on C. 

A crowdsensing method for water resource 
monitoring in smart communities 

P People’s concerns in a real-world 
problem setting.   

There are several problems with the sharing of 
relevant information between communities 
and water service providers. The main 
problems relate to the deployment of sensing 
infrastructure, the lack of responsiveness by 
the service providers to the generated 
information, the lack of access to the 
information and the sustainability of the 
technology solutions. 

A An area of concern in some specific 
body of knowledge within the 
literature that relates to P.  

Adoption of crowdsensing for water resource 
monitoring in smart communities. 

RQ The research question relates to P 
and opens for research into A. All 
relationships must focus on the 
central role of the RQ to ensure the 
research design is coherent and 
consistent. 

How can crowdsensing be used for effective 
water resource monitoring in smart 
communities? 

F The conceptual framing guides 
data collection and is the 
foundation for data analyses to 
answer RQ. FA draws on concepts 
from A, while FI draws on concepts 
independent of A. 

F𝐴: Citizen Science. 
F𝐴: Incentive Theory for Participatory 
Crowdsourcing. 
FI: Theory of Planned Behaviour. 

M The adopted methods of empirical 
inquiry to guide the engaged 
scholarship research that allows 
the research to draw available data 
from P and answer the RQ. 

 Literature review. 

 Case study. 

 Survey. 

 Experiments. 

C The contributions to P and A and 
possibly to F and M. 

Crowdsensing method for water resource 
monitoring in smart communities with 
sociotechnical and programme designs. 

Table 2-5: Research Design based on Engaged Scholarship (Adapted from Table 2-2). 
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3  A  R E V I E W  O F  T H E  A R E A  O F  C O N C E R N  

A N D  R E A L - W O R L D  P R O B L E M  

3.1 Introduction 

The previous chapter presented engaged scholarship as the selected research methodology 

to be used in this study and highlighted the research methods, models and theories to be 

used. Any engaged scholarship study must be grounded in the problematic situation and the 

area of concern to ensure the research question relates to both the area of concern (A) and 

problematic situation (P). These are:  

A: Adoption of crowdsensing for water resource monitoring in smart communities. 

P: There are several problems with the sharing of relevant information between 

communities and water service providers. The main problems relate to the 

deployment of sensing infrastructure, the lack of responsiveness by the service 

providers to the generated information, the lack of access to the information and the 

sustainability of the technology solutions. 

The first research method used in this study is an extensive literature review of P and A to 

ensure the study is grounded in theory and the research problem (Section 2.2) before starting 

the first iteration of research activities. This chapter will therefore address the following 

research questions (Section 1.4): 

RQ1: What are the problems faced by citizens and water service providers regarding 

crowdsensing and water resource monitoring as identified by literature and within a 

real-world context? 

RQ2: What are the common activities and key success factors for crowdsensing 

projects? 

RQ4: What design guidelines can be used for crowdsensing for water resource 

monitoring to create a smart community? 

The main problems faced by citizens regarding crowdsensing and water resource monitoring 

relate to issues with regards to a lack of citizen participation and the development of smart 

communities to use technology to support and strengthen local communities (Section 3.2). 

Crowdsensing has been used in various disciplines to collect data from citizens to produce 

scientific knowledge and/or respond to citizens’ needs and concerns (Section 3.3). A review 

of literature resulted the development of a Crowdsensing Reference Framework (Section 3.4). 
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Several crowdsensing systems have been developed for water resource monitoring including 

a mobile application deployed by NMBM (Section 3.5). After reviewing the literature and the 

NMBM mobile application, several conclusions are made (Section 3.6).  

This chapter presents several deliverables that are theoretical and practical contributions to 

P and A: 

 Problems in Smart Communities (Section 3.2.2). 

 Challenge Framework for Crowdsensing (Figure 3-5). 

 A Crowdsensing Reference Framework that includes: 

o A Crowdsensing Process (Figure 3-4). 

o Key Success Factors and Guidelines for Crowdsensing Projects (Table 3-3). 

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 A Crowdsensing Method for Water Resource Monitoring in Smart Communities 

Version 1 (Figure 3-9).  

The full chapter structure is illustrated in Figure 3-1. 

 

Figure 3-1: Structure of Chapter 3. 

3.2 Smart Communities 

Since data collection exercises are often costly and difficult to replicate, smart technologies 

are being used to collect the required data, analyse the data and provide feedback, all in real 
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time. Thus, there is an increased demand on cities to incorporate smart technologies to gather 

and analyse data in real time to extract information and convert it into usable knowledge (Jin 

et al., 2014).  

3.2.1 The Smart Community Concept 

The concept of a smart city has become increasingly popular with local governments, with the 

assistance of other stakeholders, striving to manage their resources smarter (Washburn & 

Sindhu, 2010; Nam & Pardo, 2011). Washburn and Sindhu (2010, p.2) define a smart city as 

“the use of Smart Computing technologies to make the critical infrastructure components and 

services of a city — which include city administration, education, healthcare, public safety, 

real estate, transportation, and utilities — more intelligent, interconnected, and efficient”. 

However, there are claims that the term “smart city” is a marketing ploy (Caragliu, del Bo & 

Nijkamp, 2011), that smart cities value business over people (Greenfield, 2013) and widen the 

gap between who can generate and access information (David, Justice & Mc Nutt, 2015). The 

critics of smart cities have been a significant motivating force behind the development of 

smart communities. Sun et al. (2016) recommend that smart cities develop into smart 

communities to benefit more people by including small towns and rural areas. 

The Smart Communities Guidebook (Wilson, 1997), as cited by Lindskog (2004, p. 1), describes 

a smart community as a geographical area ranging in size from neighbourhood to a country 

whose residents, organisations and governing institutions are using IT to transform their 

region in significant ways. More recently, Gurstein (2014) argues that a smart community 

must focus on social inclusion, as well as the needs of a community and its citizens using 

information and communication technologies (ICTs) as a facilitator. Xia and Ma (2011) state 

that a key property of a smart community is to handle the hybrid group of people, as social 

objects, and physical objects to integrate the cyber, physical and social worlds for the delivery 

of smart services. Xia and Ma (2011) identified several key properties of a smart community: 

 A smart community is a system that is both physically and socially aware. 

 The number of members, as well as the lifecycle of a smart community varies 

depending on the application it supports. 

 A smart community does not need to be connected to the Internet; it may function in 

a local environment. 

 A smart community must have good scalability as the size might change over time. 

The various definitions of a smart community have one aspect in common: the emphasis on 

the proactive participation of the people living in the territory to improve their quality of life 

(Traverso, 2015). The participation collaboration of various community stakeholders is pivotal 

for smart communities, in addition to the technology that enables monitoring and providing 
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feedback (Petrushyna, Klamma & Jarke, 2014). ICT infrastructure and applications are 

important but without the citizens’ engagement and willingness to collaborate and cooperate 

with external stakeholders, there is no smart community (Wilson, 1997).  

Considering the definitions identified in literature and highlighted in this section, this study 

takes on the holistic view of a smart community as a community in which the community 

members, organisations and governing institutions leverage IT to transform the community in 

significant and positive ways, regardless of which technologies are utilised. 

 

3.2.2 Problems in Smart Communities 

Smart communities provide the benefit of facilitating citizen participation in policy and 

decision-making by giving the citizens a platform to connect with the government (Lindskog, 

2004). However, a number of studies have highlighted both social and technology acceptance 

problems that arose from the installation of a smart community infrastructure in countries 

such as USA and Japan, which are both developed countries (Karlin, 2012; Granier & Kudo, 

2016). 

3.2.2.1 Technology Learning Curve 

Smart communities are characterised by employing a set of sophisticated sensing, processing 

and communicating digital technologies (Kranz & Picot, 2011). The deployment and 

integration of these technologies present significant knowledge challenges to the community, 

since their complexity imposes a substantial burden on the users in terms of the knowledge 

needed to use them effectively (Zheng & Dedrick, 2012). 

3.2.2.2 Cost of Intelligence 

With smart communities comes a major need to install sensors that operate in difficult 

environmental conditions and are affordable to deploy and maintain over long periods of time 

(Nahrstedt et al., 2016). Costs of implementing and maintaining a smart community include 

energy consumption, costs of connecting to the Internet (mobile data, Wi-Fi) and the cost of 

each individual device. 

3.2.2.3 Scalability 

In relation to the cost of smart technologies, scalability is a challenge to smart communities. 

Smart community initiatives often start small, but grow fast, and scale big. Therefore, the IT 

infrastructure must consider the massive take-up of sensor devices and applications, as well 

as a massive growth in data and network traffic (Khatoun & Zeadally, 2016).  
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These three problems can be addressed by allocating a huge financial investment to the 

deployment and maintenance of the smart community. Such an investment may not be 

feasible for developing countries, especially to scale the “smartness” throughout the country. 

The paradigm of crowdsensing is a burgeoning sociotechnical concept that can allow a smart 

community to leverage the ubiquity and sensing power of mobile devices to capture and map 

phenomena of common interest (Ogie, 2016). 

3.3 Defining Crowdsensing  

The aim of smart communities is to use technology in order to connect citizens and positively 

transform communities by means of ICT (Gurstein, 2014; Traverso, 2015; Lendák, 2016). 

There has been a significant increase in the means of collecting data from various sensors and 

devices, and mobile phones have become pertinent in accessing real-time data from citizens 

(Fan & Bifet, 2013) leading to the increasing popularity of crowdsensing (Cilliers, Flowerday & 

Mclean, 2016; Lendák, 2016). Guo et al. (2014, p.593) defines crowdsensing as “the ability to 

acquire local knowledge through sensor-enhanced mobile devices – e.g., location, personal 

and surrounding context, noise level, traffic conditions, and in the future more specialized 

information such as pollution – and the possibility to share this knowledge within the social 

sphere, healthcare providers, and utility providers.”  

Crowdsensing is based on the crowdsourcing concept of engaging a crowd to solve a complex 

problem through an open forum (Brabham 2008). The motivation behind crowd-powered 

problem-solving is the belief in the “Wisdom of the Crowd” (hereafter referred to as crowd 

wisdom). Crowd wisdom is based on the assumption that aggregating information in groups 

results in better decisions than those based on an individual (Surowiecki, 2004).  

Crowdsensing allows researchers and organisations the opportunity to solicit the crowd 

wisdom of mobile device users and for crowd-powered data collection and analysis over large 

geographical areas by connecting to a large number of people at once (Guo et al., 2014; Gong 

& Shroff, 2017). In this regard, Yang et al. (2015a) describe crowdsensing as crowdsourcing 

with smartphones (Figure 3-2).  

Crowdsensing involves the participation of citizens in the collection of both user-contributed 

data (human intelligence) and sensed data from mobile devices (machine intelligence) using 

their mobile devices to contribute to a common purpose (Yadav et al., 2013; Guo et al., 2014). 

Crowdsensing aims to empower citizens of a smart community to use their mobile phones to 

collect and share sensed data from their surrounding environments (Kanhere, 2011). Mobile 

networks in developing countries are making progress and the adoption of mobile phones 

keeps increasing, offering the possibility to use the data users provide to improve the quality 

of life (Fan & Bifet, 2013). 
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Figure 3-2: A Comparison of Crowdsensing and Crowdsourcing [Adapted from Guo et al. (2014)]. 

In a crowdsensing network (Figure 3-3), sensing tasks are distributed by a crowdsensing 

platform coordinated by administrators of the crowdsensing project (Zhang et al., 2016). The 

administrators use rewards to motivate mobile device users to collect sensing data from the 

areas that must be monitored, namely Points of Interest (PoIs). The data is then transmitted 

to the crowdsensing platform for aggregation and processing into a suitable form for 

interested parties (Louta et al., 2016; Zhang et al., 2016). 

 

Figure 3-3: An Example of a Crowdsensing Network (Zhang et al., 2016).  
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In typical crowdsensing architecture, a mobile phone acts as a sensor, collecting, processing 

and distributing data. Today’s high-end mobile phones have general purpose sensors like a 

camera and a microphone, as well as specialised sensors including GPS, digital compass, 

proximity sensor, ambient light sensor and accelerometer (Yang et al., 2015a). The affixing of 

a sensory device to a mobile phone provides the opportunity to track dynamic information 

about humans and the environment and understand their patterns. In addition to the mobile 

device sensors, crowdsensing allows citizens to act as sensors and actively participate in 

collecting data (Yadav et al., 2013). Citizens can sense their surroundings and provide 

information about their interpretation through text, voice, video, location and other means 

of communication.  

For crowdsensing projects to be successful, researchers and practitioners need to reflect on 

the lessons learned from other similar studies. There is evidence of a lot of research in the 

field of crowdsourcing and crowdsensing, possibly due to the rapid development of new 

technologies and the growing popularity of this field. However, few studies have proposed 

comprehensive processes or frameworks that provide guidance with regards to these 

projects, particularly for smart communities where the people factor is a strong 

consideration. Whilst traditional system development frameworks and methodologies are 

available, there are several differences between these systems and crowdsensing systems 

and projects. Therefore, it cannot be assumed that these frameworks will be effective.  

3.4 A Crowdsensing Reference Framework 

As part of this research, the author of this study proposes a comprehensive Crowdsensing 

Reference Framework as a contribution to both researchers and practitioners to get a clear 

understanding of the nature and scope of crowdsensing projects. Using a critical review of 

literature (Section 2.4.1), primary data was collected, analysed and systematically 

consolidated to build the initial framework. 

3.4.1.1 The Crowdsensing Process 

The literature review identified five studies (Tilak, 2013; Christin, 2016; Liu, Shen & Zhang, 

2016; Alsheikh et al., 2017; Guo et al., 2014) that propose different steps that researchers 

followed to develop their crowdsensing systems. Alsheikh et al. (2017) identified two main 

phases of the crowdsensing process, namely: 1) Data Sensing and Gathering; and 2) Data 

Analytics. However, Alsheikh et al. (2017) do not provide significant detail of the activities, 

challenges or success factors involved in these phases. In addition, Alsheikh et al. (2017) does 

not highlight activities involved in initiating the project. However, other studies (Tilak, 2013; 

Christin, 2016; Alsheikh et al., 2017) recommend three significant activities related to the 

initiation of a crowdsensing project. Christin (2016) proposes Tasking as a significant activity 
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of crowdsensing as it involves determining the tasks that the participants will execute. Tilak 

(2013) identifies Recruitment and Coordination as a crucial activity as it involves recruiting 

participants and ensuring they have the needed tools and guidance to perform the tasks. 

None of the five studies analysed identified the activities required in System development 

and evaluation of the crowdsensing system. System development and evaluation is a strict 

requirement for mobile projects (Nascimento et al., 2016), before deploying any mobile 

application to users. The term Project Initiation is proposed to describe the first phase of 

crowdsensing and the three activities identified above are included in the Project Initiation 

phase.  

The resulting three main phases of crowdsensing projects recommended in this study are 

therefore: 

 Project Initiation (Author’s Own Construct). 

 Data Sensing and Gathering (Alsheikh et al., 2017). 

 Data Analytics (Alsheikh et al., 2017). 

Whilst Alsheikh et al. (2017) does not provide detailed activities for crowdsensing, several 

other researchers classify the crowdsensing phases into more detail, based on the activities 

performed. The most extensive classification of activities is provided by Tilak (2013) and 

Christin (2016). Table 3-1 provides a comparison of the various activities proposed by the four 

investigated studies. The cells shaded in grey illustrate the gaps identified in the approaches 

to the crowdsensing process as proposed by the authors. Other authors use different terms 

for the same activity; as such, each row in the table represents similar activities. 

PHASES ACTIVITIES Tilak (2013) Guo et al. (2014) Christin (2016) Liu et al. (2016) 

Project 
Initiation 

Tasking   Tasking  

System development 
and evaluation 

    

Recruitment and 
coordination  

Recruitment and 
coordination 

   

Data sensing 
and gathering  

Data collection  
Sensor data 
acquisition 

Crowdsensing Sensing Data collection 

Local processing and 
storage  

  
Local processing 
and storage 

 

Data transfer  Data transfer Data transmission Reporting  

Data analytics 

Central processing 
and storage  

Data management 
and storage 

Data collection 
infrastructure Central processing 

and storage 
Data storage 

Crowd data 
processing 

Presentation  

Data analysis and 
visualisation Applications Presentation Data upload 

Feedback 

Table 3-1: Comparison of Various Approaches to the Crowdsensing Process. 

Figure 3-4 illustrates a summary of the process to be followed for crowdsensing projects as 

proposed in this study. The proposed process was derived from the literature reviewed and 
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reported in this section and has three main phases, with several activities (identified in Table 

3-1) and outputs involved in each phase. 

 

Figure 3-4: The Crowdsensing Process (Author’s Own Construct). 

A. Project Initiation 

The first activity in a crowdsensing project is Tasking, whereby  project coordinators need to 

determine the tasks of crowdsensing to be executed (Christin, 2016). In addition to 

determining the tasks, the Tasking activity involves developing the design of the crowdsensing 

system from the system requirements elicited by the project coordinators. Two essential 

requirements for a crowdsensing system are the recruitment and incentive policies for the 

recruitment and coordination of the crowdsensing project. Reddy, Estrin and Srivastava 

(2010) define a recruitment policy as a policy that considers the crowdsensing project 

requirements and recommends participants that should be selected to collect data (Reddy, 

Estrin & Srivastava, 2010). When participants are selected to perform certain crowdsensing 

tasks using the recruitment policy, the crowdsensing system offers incentives to the selected 
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participants based on the budget of the crowdsensing project. The crowdsensing project must 

manage the budget efficiently to yield as much payoff from the participants as possible 

(Angelopoulos et al., 2014). The crowdsensing project can manage the budget using an 

incentive policy. Therefore, the outputs of the Tasking activity are the tasks, a list of system 

requirements and the recruitment and incentive policies. 

The second activity of the Project Initiation phase involves the development and evaluation 

of the crowdsensing system (Nascimento et al., 2016). The development of the system 

requires the consideration of the tasks, system requirements and policies resulting from the 

Tasking activity. The developed system must go through a usability and user experience (UX) 

evaluation before deployment, since usability and UX are key criteria for evaluating mobile 

applications and the development of crowdsensing systems and ultimately projects 

(Nascimento et al., 2016). UX involves a person's emotions about using a product, system or 

service and comprises all aspects of a users’ interaction with a product (Norman & Nielsen, 

2018). On the other hand, usability is defined by the ISO 9241 standard (ISO 9241-210, 2010) 

as: “the extent to which a product can be used by specified users to achieve specified goals 

with effectiveness, efficiency and satisfaction in a specified context of use.” Evaluating the 

usability and UX of the system is important to increase the quality in use of the developed 

system (Nascimento et al., 2016).   

The next activity in this phase is Recruitment and Coordination. In this phase, participants are 

identified and briefed on the usage of the mobile data collection tool, as well as on the policies 

on data access, security and privacy (Tilak, 2013). Since these policies must be explained, it 

can be deduced that the policies must first be identified. The consent of the participants is 

required before moving forward. The tasks are then distributed to the participants’ mobile 

devices through mobile applications (Christin, 2016). 

B. Data Sensing and Gathering 

In the second phase, Data Sensing and Gathering, crowdsensing participants sense and collect 

data using mobile devices according to the defined sensing tasks identified in the Project 

Initiation phase. The sensory data can be annotated with subjective observations and reports 

such as the user’s emotions and their accounts on the events surrounding them (Alsheikh et 

al., 2017). The collected data may be locally processed on the device then stored temporarily 

before transmission to a server (Christin, 2016). The last activity in this phase involves 

transferring the data to an application server for further analysis through networks such as 

mobile and Wi-Fi networks (Tilak, 2013). 
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C. Data Analytics 

In the third phase, the Data Analytics phase, the collected data is stored in a central database, 

awaiting processing (Christin, 2016; Liu, Shen & Zhang, 2016). The  raw data is analysed using 

data analytics such as machine learning methods (Guo et al., 2014; Alsheikh et al., 2017). The 

last activity is the Presentation activity where stakeholders extract useful information from 

the analysed data and make effective predictions (Christin, 2016). In the Presentation activity, 

data visualisation tools, report generation services and other platforms can be used to share 

outcomes with other stakeholders and provide feedback (Tilak, 2013; Guo et al., 2014). 

3.4.1.2 Challenges of Crowdsensing 

Crowdsensing seems like a great solution to collecting data over large geographical areas. 

However, there are some challenges that can be encountered while engaging in these 

projects. The author of this study performed a literature review that developed a Challenge 

Framework for Crowdsensing (Figure 3-5). The framework is further divided into two 

dimensions of challenges, social and technical challenges. These two dimensions are 

considered significantly relevant to the study as they distinguish between challenges related 

to the social and technical designs individually. The framework can be used in developing 

crowdsensing projects in research and practice. 

 
Authors 
[1] Alsheikh et al. (2017) 
[2] Copos et al. (2016)  
[3] Guo et al. (2014)  
[4] Jaimes, Vergara-Laurens and Raij, (2015) 
[5] Kapadia, Kotz and Triandopoulos (2009) 
[6] Liu, Shen and Zhang (2016) 
[7] Louta et al. (2016)    
[8] Mendez and Labrador (2012) 

[9]  Nahrstedt et al. (2016)  
[10] Noureen and Asif (2017) 
[11] Reddy et al. (2007)  
[12] Sun et al. (2016)  
[13] Vergara-Laurens and Labrador (2011)  
[14] Xiao et al. (2013)  
[15] Yadav et al. (2013)  
[16] Yang, Zhang and Roe (2013) 

[17] Yang et al. (2015a) 
[18] Yang et al. (2015b) 
[19] Yerva et al. (2012)  
[20] Zhang et al. (2016)  
[21] Zheng et al. (2014)  
[22] Zheng et al. (2017) 

 

*Data quality is regarded as both a social and technical as it is an issue that can be based on the quality of 
the data submitted by the participant or the ability of the crowdsensing system to impose data quality 
mechanisms. 

Figure 3-5: Challenge Framework for Crowdsensing (Author’s Own Construct). 
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The challenges were also classified according to the phase of crowdsensing they pertain to, 

namely: Project Initiation; Data Sensing and Gathering; and Data Analytics (Table 3-2). 

Phase Challenge 

Project Initiation 

Budget constraints 

Recruitment of participants 

User motivation 

User mobility 

Data Sensing and Gathering 

Data quality 

Data delivery 

Security and privacy 

Resource limitations 

Data Analytics 

Analysis of data 

Heterogeneous data 

Data validation 

Table 3-2: Linking Crowdsensing Challenges to Phases of the Crowdsensing Process. 

A. Project Initiation Phase 

The four commonly cited challenges in the Project Initiation phase of crowdsensing are: 

 Budget constraints. 

 Recruitment of participants. 

 User motivation. 

 User mobility. 

Budget Constraints 

Crowdsensing does not guarantee citizen participation because citizens must volunteer 

information willingly (Bosha, 2015). Citizens require incentives in return for volunteering 

information which may cause budget constraints. Guo et al. (2014) identify the development 

of a solid economic model as a significant step in formulating a crowdsensing project. Many 

projects have found success in using monetary payments as rewards (Rogstadius et al., 2011). 

However, due to budget constraints, many projects often find other rewards for participation 

(Hochachka et al., 2012).  

Recruitment of Participants 

A significant challenge of crowdsensing projects is the difficulty in recruiting and coordinating 

citizens as participants for the project (Jaimes, Vergara-Laurens & Raij, 2015). It is important 

in crowdsensing to maintain a minimum number of participants to keep the system 

functional. To determine the necessary number of participants, there is a need to analyse 

variables such as the target area size, frequency of contributions, nature of the phenomenon 

under analysis and the sensing demands.  
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Erickson and Kellogg (2000) recommend social translucence as a system design approach to 

stimulate social interaction and increase participation through visibility, awareness, and 

accountability (Erickson & Kellogg, 2000). A socially translucent system allows participants to 

be aware of their participation, as well as create awareness of the activities of others. For 

example, some researchers (Zhou et al., 2013; Yang et al., 2017) use social interaction 

incentives alongside explicit mechanisms to maximise user participation. Yang et al. (2017) 

propose the social incentive mechanism that leverages the social ties among participants to 

promote cooperation in crowdsensing. The social incentive mechanism provides incentives 

depending on the behaviour of the participant’s friends, thus, influencing the participant to 

motivate their friends to contribute to gain higher rewards. The CrowdAnswer system is a 

question-answering system that uses micro-blogs to exploit their huge user base (Zhou et al., 

2013). CrowdAnswer also uses explicit mechanisms to avoid confining participants to a single 

social cluster. Each user receives a pool of n free credits that increase or decrease when a user 

makes or replies to a query. 

User Motivation 

In addition to recruiting participants, crowdsensing poses a challenge of ensuring the 

collection of large quantities of data from a large number of participants (Guo et al., 2014). 

Motivation and engagement are crucial in the successful completion of a task (Huang & 

Soman, 2013). Participating in crowdsensing may expose participants to privacy leaks, data 

costs or energy consumption; thus, deploying crowdsensing in the real world can be 

challenging and citizens require incentives to motivate them to participate and collect high-

quality data (Jaimes, Vergara-Laurens & Raij, 2015). Many researchers state that the success 

of crowdsensing projects relies on providing appropriate rewards to participants to recruit, 

engage, and retain human participants, as well as to ensure that there is a stream of data 

continuously coming into the application (Ganti, Ye & Lei, 2011; Hochachka et al., 2012; Louta 

et al., 2016). Participants may drop out if the return on investment does not meet their 

expectations (Guo et al., 2014). It is necessary to ensure the crowdsensing system actually 

assists the participants in improving their understanding of their surroundings and derive 

benefits from the information sharing (Liu, Shen & Zhang, 2016).  

Several crowdsensing systems have found success in using game concepts to recruit, engage, 

and retain participants (Davis & Coskie, 2008; Tuite, Snavely & Tabing, 2011; Anderson et al., 

2013; Kawajiri, Shimosaka & Kahima, 2014). The use of game design elements in real-world 

or productive activities to influence, engage and motivate individuals in performing tasks is 

referred to as gamification (Beier, 2014; Huang & Soman, 2013). The goal of gamifying an 

existing system is to increase motivation by combining game mechanics with game dynamics 

to the system to make it more fun, interesting and engaging.  Rewards such as points and 

badges are the main game dynamics utilised in gamification. Receiving something of value for 
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performing a task motivates individuals with the intention to perform the behaviour again 

(Beza, 2011). In addition, points and badges act as a form of feedback to display their 

achievement of tasks and incentivise participants to progress through more levels of the tasks 

to access more rewards, locked content and other items that are scarce to attain.  

User Mobility 

Another key challenge in crowdsensing is user mobility, specifically the determination of 

locations and the assessment of variability of interest in different regions to enable the 

accurate representation of regions with a low number of participants (Mendez & Labrador, 

2012; Jaimes, Vergara-Laurens & Raij, 2015). Mendez and Labrador (2012) suggest using 

density maps to show which areas are being neglected and to develop incentive mechanisms 

to encourage the participation of users located in those specific areas. The crowdsensing 

system can generate a map based on the origin of the data contributed. The system can award 

points based on the mobility of a user, as well as data collection in sparse locations to 

incentivise the participants to be mobile. The need for achievement, the accomplishment of 

difficult challenges or goals and success motivates many people (Beza, 2011). Recognition of 

their achievements serves as a satisfying reward. 

B. Data Sensing and Gathering Phase 

The four commonly cited challenges in the Data Sensing and Gathering phase of crowdsensing 

are: 

 Data quality. 

 Data delivery. 

 Security and privacy. 

 Resource limitations. 

Data Quality 

Citizens might submit data that is not relevant to the intended purpose of the crowdsensing 

project (Jaimes, Vergara-Laurens & Raij, 2015). The risk of crowdsensing is users sharing, low-

quality, incorrect or fake data (Guo et al., 2014). In addition, the data contributions may be 

inconsistent or redundant, and sensors may sense the same even under different conditions. 

An important design issue of crowdsensing incentive mechanisms is to consider how to 

encourage participants to contribute data of high quality.  High data quality is an essential 

component of a crowdsensing project (Hochachka et al., 2012). The design and 

implementation of a crowdsensing system must strive to limit incorrect data entry, as well as 

incorporate robust data selection techniques to improve data quality (Hochachka et al., 2012; 

Guo et al., 2014). Hochachka et al. (2012) suggest using quality control filters to ensure 

accurate data entry. Some researchers use reputation schemes computed from peer 
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assessment and/or past performance to address the problem of data quality (Yerva et al., 

2012; Yang, Zhang & Roe, 2013; Liu, Shen & Zhang, 2016). 

Security and Privacy 

Crowdsensing presents a major need for security and privacy during the collection of data as 

crowdsensing devices send the user’s personal and potentially sensitive information to a 

third-party (Copos et al., 2016). The data being relayed may be exposed to various entities 

that could intercept the traffic and infer the user’s information (Nahrstedt et al., 2016). 

Crowdsensing poses a privacy threat to users in contributing data with location tags (Yang et 

al., 2015a). Sensed data may inadvertently reveal a user’s location or frequently travelled 

routes (Jaimes, Vergara-Laurens & Raij, 2015). Privacy-preserving mechanisms attempt to 

disassociate a user’s data from their identity, which conflicts with collecting data of high 

quality (Kapadia, Kotz & Triandopoulos, 2009; Jaimes, Vergara-Laurens & Raij, 2015). Louta et 

al. (2016) suggest having a generic security/privacy framework in place that is independent 

of the crowdsensing system or the nature of the data to address user-specific privacy issues. 

Privacy schemes and techniques must efficiently address how users’ willingness to share data 

in spite of the privacy risks varies (Louta et al., 2016). In addition, crowdsensing systems must 

adopt a fully decentralised privacy-preserving architecture which gives users the control to 

protect their own personal data (Giannetsos, Gisdakis & Papadimitratos, 2014; Louta et al., 

2016). Guo et al. (2014) stress the importance of allowing users to decide what data they 

want to share and to whom. 

There are several challenges to design an incentive mechanism for crowdsensing that 

guarantees some level of data quality, as well as ensures the privacy of participants and the 

security of the data. Incentive mechanisms must be designed and operated in a privacy-

preserving manner (Giannetsos, Gisdakis & Papadimitratos, 2014). Techniques to protect user 

privacy, such as anonymity, must be explored to encourage users to make data contributions 

(Gustarini, Wac & Dey, 2016; Guo et al., 2014). Researchers must develop trust preservation 

and abnormal detection technologies to maintain the integrity and quality of the data (Liu, 

Shen & Zhang, 2016). 

Resource Limitations 

The resource consumption for users involved in crowdsensing, which may include cellular 

data, battery and memory, may expose them to security and privacy threats, as well as 

increase costs to the participants (Yang et al., 2015b). Crowdsensing poses a power 

consumption issue to the users’ devices in regards to sensing and transmitting data to data 

storage (Vergara-Laurens & Labrador, 2011). In some cases, crowdsensing requires 

performing some local analytics on the sensing device to reduce the backend processing load 

(Ganti, Ye & Lei, 2011; Louta et al., 2016). In addition to the reduction of backend processing, 
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local analytics allows primitive processing of the raw data to produce intermediate results, 

necessitating lesser energy consumption and bandwidth for data transmission (Ganti, Ye & 

Lei, 2011; Louta et al., 2016). Local analytics also reduces the time spent in transmitting raw 

sensor data, which may be significant to delay-sensitive applications (Ganti, Ye & Lei, 2011). 

However, local analytics poses a challenge in the identification of heuristics and the design of 

algorithms to perform the functions.  

Liu et al. (2016) identified data deduplication as an essential method of cost reduction of 

crowdsensing implementation as it strives to eliminate data redundancy. Data deduplication 

filters and compresses raw data (such as images) collected by the mobile device to eliminate 

redundant data and reduce storage overhead, traffic load, as well as the cost of transmission 

(e.g. energy and bandwidth costs). 

Data Delivery 

The delivery of data from distributed participants to the centralised server poses a challenge 

with regards to network and connectivity issues such as low bandwidth or unavailability of 

network access (Noureen & Asif, 2017). Guo et al. (2014) emphasise the importance of 

ensuring crowdsensing systems are tolerant of network interruptions. An issue that is 

important with dealing with both the challenges of data delivery and protecting the user’s 

privacy is ensuring that the data uploads are transparent and do not run without notifying the 

user (Guo et al., 2014). 

C. Data Analytics Phase 

The three commonly cited challenges in the Data Analytics phase of crowdsensing are: 

 Analysis of data. 

 Heterogeneous data. 

 Data validation. 

Analysis of Data 

Analysis of crowdsensing data spans multiple challenges related to data management, 

processing and mining, as well as machine learning challenges (Yang et al., 2015b; Kapadia, 

Kotz & Triandopoulos, 2009). Most crowdsensing systems require instant answers, thus, there 

is a need for fast and efficient systems to provide access to retrieval of and processing of the 

data (Nahrstedt et al., 2016).  Such systems will enable decision makers to react fast either to 

inform the public about upcoming events and/or organise major actions to protect the 

citizens. In addition, there is a need to aggregate robust machine learning algorithms and 

decision algorithms into a computing framework that can analyse large data sets to find 

meaningful domain-specific insights from the data and make the right decision when analysis 

shows certain behaviours and findings (Zheng et al., 2014; Nahrstedt et al., 2016).    
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Heterogeneous Data 

In addition, Yerva et al. (2012) report the challenge of integrating data from different source 

types such as images, audio, text and GPS coordinates. Multiple data sources may contribute 

conflicting information about the same object. Truth discovery is a method that can tackle 

this challenge by aggregating noisy data to estimate the reliability of each source (Quoc Viet 

Hung et al. 2013; Gao et al. 2015), and has been successfully used to solve various issues such 

as data integration and truth detection (Gao et al. 2015). 

Data Validation 

Bosha (2015) further highlights a problem of data validation required for the sensing data, 

which may have a negative impact due to the time required to process the invalid entries. 

Crowdsensing systems must be robust and adaptive to identify inaccurate, redundant, 

inconsistent and/or obsolete data collection, as well as inadequate user participation (Chen 

et al. 2015). Zhang et al. (2016)  state that sensing data must fulfil the “4A” requirements 

which are: accuracy, adequacy, availability and affordability. 

3.4.1.3 Key Success Factors and Guidelines for Crowdsensing Projects 

The challenges identified in crowdsensing projects by previous studies (Figure 3-5) should be 

considered for a project to be successful. Therefore, this study adopts the view that these 

challenges can be considered as key success factors in the process for crowdsensing projects. 

The literature review also identified recommendations on how to address each challenge 

from various researchers (Section 3.4.1.2). Since the challenges are considered as key success 

factors, the recommendations on how to address each challenge must be considered as 

guidelines for crowdsensing projects.  

Table 3-3 maps each phase of the crowdsensing process to its related key success factor and 

guidelines made by researchers originating from various project types, view angles, and 

contexts. As part of a research study on citizen science in water quality monitoring, Minkman 

(2015) performed a systematic literature review to develop a framework for key success 

factors of citizen science. Only three of the success factors were specific to mobile 

crowdsensing (referred to in this study as crowdsensing). These three factors can also be seen 

as guidelines in Table 3-3 highlighted by an asterisk. 
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PHASE ACTIVITY KEY SUCCESS FACTOR GUIDELINES AUTHORS 

Project 
Initiation 

A1, A2 K1 Budget constraints 

G1 Development of a solid economic model  Jaimes, Vergara-Laurens and Raij (2015); Ogie 
(2016) 

G2 Identify non-monetary rewards Hochachka et al. (2012) 

A1, A2, 
A3 
 

K2 
Recruitment of 
participants 

G3 Maintain minimum number of participants Jaimes, Vergara-Laurens and Raij (2015) 

G4 Analyse variables such as target area size and frequency of contributions Jaimes, Vergara-Laurens and Raij (2015) 

G5 Use social translucence as design approach Erickson & Kellogg (2000) 

K3 User motivation 

G6 Keep target audience capacity in mind* Minkman (2015) 

G7 Communicate benefits to prospective participants Liu, Shen and Zhang (2016) 

G8 Investigate and provide appropriate rewards Ganti, Ye and Lei (2011); Hochachka et al. (2012); 
Louta et al. (2016) 

G9 Incentive mechanisms must be adaptable to increasing demands Jaimes, Vergara-Laurens and Raij (2015) 

G10 Reduce the complexity of the data collection protocols Bonney et al. (2009b) 

K4 
User mobility 
 

G11 Assess variability of interest in different regions Mendez and Labrador (2012); Jaimes, Vergara-
Laurens and Raij (2015) 

G12 Generate density map Mendez and Labrador (2012) 

Data Sensing 
and Gathering 

A4 

K5 Data quality 

G13 Limit incorrect data entry Hochachka et al. (2012); Guo et al. (2014)  

G14 Use quality control filters  Hochachka et al. (2012) 

G15 Incorporate robust data selection techniques Hochachka et al. (2012); Guo et al. (2014)  

G16 Use reputation schemes Yerva et al. (2012); Yang, Zhang and Roe (2013); 
Liu, Shen and Zhang (2016) 

K6 Security and privacy 

G17 Implement a generic security/privacy framework Louta et al. (2016) 

G18 Adopt a fully decentralised privacy-preserving architecture Giannetsos, Gisdakis and Papadimitratos (2014) 

G19 Balance privacy and data trustworthiness* Minkman (2015) 

G20 Use privacy-preserving mechanisms Kapadia, Kotz and Triandopoulos (2009);  
Jaimes, Vergara-Laurens and Raij (2015)  

G21 Develop trust preservation and abnormal detection technologies  Liu, Shen and Zhang (2016) 

A5 K7 Resource limitations 

G22 Keep general device capacity in mind* Minkman (2015) 

G23 Provide local analytics Ganti, Ye and Lei (2011); Louta et al. (2016) 

G24 Use data deduplication Liu, Shen and Zhang (2016) 

A6 K8 Data delivery 
G25 Ensure system is tolerant of network interruptions  Guo et al. (2014) 

G26 Ensure data uploads are transparent Guo et al. (2014) 

Data Analytics 

A7 
K9 Analysis of data 

G27 Systems must be fast and efficient Nahrstedt et al. (2016) 

G28 Develop data analysis framework Zheng et al. (2014); Nahrstedt et al. (2016) 

K10 Heterogeneous data G29 Use truth discovery Quoc Viet Hung et al. (2013); Gao et al. (2015) 

A7, A8 K11 Data validation 
G30 The system must be robust and adaptive Chen et al. (2015) 

G31 Ensure data is accurate, adequate, available and affordable. Zhang et al. (2016) 

Table 3-3: Key Success Factors and Guidelines for Crowdsensing Projects.
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3.4.1.4 A Crowdsensing Reference Framework  

Figure 3-6 illustrates a Crowdsensing Reference Framework that provides a classification of 

activities, key success factors to be considered for crowdsensing projects and the phase of 

the crowdsensing process they should be considered. Specifically, the reference framework 

comprises of: 

 Crowdsensing Process with the activities labelled from A1 to A8 (Figure 3-4). 

 Key Success Factors for Crowdsensing Projects labelled from K1 to K11 (Table 3-3). 

 Guidelines for Crowdsensing Projects labelled from G1 to G31 (Table 3-3). 

 

Figure 3-6: A Crowdsensing Reference Framework (Author’s Own Construct). 

There are several crowdsensing projects that use crowdsensing to improve lives, for example, 

the Mahali Project for space weather monitoring (Pankratius et al., 2014), a location tracker 

for elderly citizens in a smart city (Shien & Singh, 2017), as well as a disease surveillance 

project (Haddawy, 2015). From these examples, it can be deduced that crowdsensing satisfies 

the key elements of a smart community since it is technology-centric, provides engagement 
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with the citizens and transforms the community in positive ways. Experiences across all 

industries have shown how IT solves the problem of increasing information needs, and certain 

areas in the water sector already benefit from the use of ICTs, such as the use of mobile 

devices for data collection. 

3.5 Extant Systems Analysis 

Over the past decade, the coverage of the Global System for Mobile Communications (GSM) 

has outgrown the spread of access to water services and affordable and reliable electricity, 

providing millions of people with access to modern infrastructure services (Nique & Opala, 

2014). For example, approximately 130 million people in sub-Saharan Africa do not have 

access to a safe water source but are covered by mobile networks. The mobile industry has 

had a tremendous impact on global development across the domains of education, health, 

agriculture and finance (Perrier, DeRenzi & Anderson, 2015).The trend of using pervasive and 

ubiquitous technologies such as mobile device applications for information dissemination has 

started gaining momentum in the water sector (Nel, Booysen & Van Der Merwe, 2014). There 

are a vast number of water-related crowdsensing systems that have been deployed, however, 

only a few applications relevant to this study were described below.  

3.5.1 E-government Crowdsensing Systems 

Many mobile applications aim to facilitate citizen engagement and allow local governments 

to interact with urban data to have a comprehensive view of city processes. These 

applications measure phenomena in a range of services including the environment and 

infrastructure. An example of such an application is uRep, a mobile application that citizens 

can use to report hazardous situations in their community, such as electricity cuts, burst pipes 

and congested roads (Goncalves, Silva & Morreale, 2014). Utility companies can update their 

progress in rectifying the issues and the users can view the progress through the application. 

Afreen et al. (2017) introduced SpeakUp, an application they believe has more advanced 

features than uRep. SpeakUp goes beyond reporting only hazardous situations but implores 

users to report all their daily issues so that appropriate action can be taken by recovery teams. 

SpeakUp also provides tagging and group discussion features to spread awareness among 

people in nearby locations. SpeakUp also goes beyond uRep in using GPS for location-based 

services, in addition to the visual (photos and videos) and textual data submissions. In the 

same direction, Lanfranchi et al. (2014) present WeSenseIt which also allows geo-located 

neighbourhood discussions about areas of interest or hazardous/threatening situations, as 

well as water-related issues in the area. In addition, WeSenseIt allows authorities or citizens 

to communicate crowdsourcing tasks to other citizens or staff members. Lanfranchi et al. 

(2014) stresses the importance of assessing the quality and reliability of data contributions. 
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Pistolato and Brandão (2016) require citizens to register before reporting city incidents to the 

ConnectCity e-government application as a way of increasing the reliability of the reports. 

ConnectCity also allows other users to explore an incident report and add additional 

information.  

Another application that allows residents to report on problems in the city’s systems is the 

San Francisco SF311 mobile application (SF311, 2018b). The SF311 application allows 

residents of San Francisco to report water quality issues such as dirty, discoloured, oily or 

sandy water, or if the water tastes or smells different (SF311, 2018a). In addition, residents 

are encouraged to report water waste in the neighbourhood or other parts of the city. The 

app requires additional information such as images and location data. Yadav et al. (2013) 

deployed a crowdsensing testbed to collect data about city events across India through an 

android application, SMS messages and social media feeds. The data inputted by the user 

included the event type, message/text, event tags, textual location, and image and audio, 

while the time stamp, cell information and longitude and latitude were picked up by the 

device automatically. However, the textual data contributions posed a challenge that most of 

the contributions contained noisy data, as would be expected in data entry through mobile 

applications.  

3.5.2 Water-Specific Crowdsensing Systems 

FirstPost (2014) reports on the deployment of a mobile application by the Delhi Jal Board 

(DJB) to register civic complaints related to water supply and sewage. The DJB application 

collects complaints and suggestions accompanied by a photograph, audio and location data.  

The Discharge mobile application (Discharge, 2018) was deployed in Tanzania to measure the 

velocity, levels and discharge of rivers and channels using the video camera in the 

smartphone. Kim et al. (2011) identified standard measures for water quality to be used in 

Creek Watch, an iPhone application and website (creekwatch.org) to be used to report 

information on waterways. The measures were defined based on the needs of water 

monitoring organisations and are to be accompanied with a photo of the PoI, timestamp and 

GPS location as per request of the organisations. Users with testing kits may also record 

chemical properties such as turbidity, pH level, dissolved oxygen and temperature. Rapousis 

and Papadopouli (2016) report on QoWater, a crowdsensing water quality assessment 

system. QoWater uses user feedback and sensed data to detect changes in water quality 

based on odour, colour, taste and chemical properties, and alerts the user of contamination 

events detected close to their location. After a user registers to QoWater, the user can query 

water quality in a specific location and time period. A user can take on either of two roles: (1) 

the role of a customer who can submit their evaluation based on odour, colour, taste, 

pressure and appearance (2) the role of a scientist (or expert) which queries for colour, 
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appearance, pressure, and chemical and biological measurements. QoWater also 

automatically detects the current location of the device and timestamp. Rapousis and 

Papadopouli (2016) report that the challenge of such monitoring systems is timely and 

reliable contamination event detection and the system’s ability to validate data contributions.  

3.5.3 Design Guidelines for Crowdsensing Systems 

The extant system analysis (Sections 3.5.1 and 3.5.2) identified eight design guidelines for 

crowdsensing systems, which are a contribution to the sociotechnical design of the 

Crowdsensing Method (Table 3-4). The eight design guidelines are generic to all crowdsensing 

systems and as such, are applicable to crowdsensing systems for water resource monitoring.  

DESIGN GUIDELINES REFERENCES 

D1 Defined measures for phenomena accompanied by an 
image, textual data and location of PoI.  
Audio and video are optional. 

Kim et al. (2011); Yadav et al. (2013); 
Rapousis and Papadopouli (2016);  
Afreen et al. (2017)  

D2 An expert role for users to make more complex 
measurements. 

Rapousis and Papadopouli (2016) 

D3 Progress updates available for users. Goncalves, Silva and Morreale (2014) 

D4 Tagging for users to communicate tasks to other users. Lanfranchi et al. (2014) 

D5 Allow users to explore reports and add information. Pistolato and Brandão (2016) 

D6 Timely and reliable alerts for issues close to the user’s 
location.  

Rapousis and Papadopouli (2016) 

D7 Geo-located group discussion features for awareness. Lanfranchi et al. (2014); Afreen et al. 
(2017) 

D8 Compulsory user registration to increase the reliability 
of the reports. 

Pistolato and Brandão (2016) 

Table 3-4: Design Guidelines for Crowdsensing Systems. 

3.5.4 Evaluation of the Case Study Data Collection Process 

NMBM, the case study (Section 2.4.2.4), implore its citizens to report incidents related to 

service delivery using two methods: a hotline and mobile application. Similarly to uRep 

(Goncalves, Silva & Morreale, 2014), the hotline and mobile app can be used by citizens to 

report any incidents related to service delivery such as burst pipes, potholes, electricity cuts 

and water leaks using the NMBM mobile application. The process of reporting an incident is 

as follows. 

First the citizen must make a phone call to their hotline number or submit an incident 

report through the municipality’s e-government mobile application. Call centre agents 

are available to take calls from citizens from 06h00 and 22h00 on weekdays. Citizens 

can make reports in the South African language of their choice and the agents are 

responsible for transcribing the information into English. Incidents related to service 

delivery under the governance of NMBM are logged onto an automated information 

system and the citizen is provided with a reference number for their complaint. 
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Citizens can use the reference number to contact the call centre and check the 

progress of the issue resolution.  

All departments responsible for reported incidents have live access to the call logging 

and reporting system and have permission to review their assigned incidents and 

record the outcomes of the investigation and incident resolution against each 

incident. The assigned department is tasked with the responsibility of contacting the 

citizen who made the complaint with regular updates of the incident resolution. If 

there are further issues, a closed incident can be reopened for further attention.  

The process of reporting issues through the hotline is similar to the mobile application. 

However, instead of the manual entry by call centre agents, citizens enter all the details using 

the NMBM mobile application. Figure 3-7 shows the process of reporting or querying 

incidents in the NMBM application, while Figure 3-8 shows screenshots of the NMBM mobile 

application. The home screen of the NMBM app prompts the citizen to make a choice 

between reporting an incident or querying an incident that they reported before. If the citizen 

chooses to report an incident, they are asked to provide the details of the incident. The citizen 

then uses their GPS to submit the location of the incident and adds details about the location 

on the street and suburb name. The citizen then concludes the report by providing their 

phone number and email address. After the citizen submits the report, they receive a 

reference number they can use to query the progress of incident resolution.  

 

Figure 3-7: Data Collection Process in NMBM Mobile Application. 
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Figure 3-8: Screenshots of the NMBM Mobile Application. 
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The evaluation of extant crowdsensing systems for water resource monitoring revealed eight 

design guidelines (Table 3-4) that provide guidance for developing a crowdsensing system. 

The NMBM mobile application was evaluated as an extant crowdsensing system using two 

sets of criteria. Firstly, in terms of the designed guidelines from other crowdsensing systems 

for service delivery (Table 3-5) and secondly according to its adherence to the Key Success 

Factors and Guidelines for Crowdsensing Projects (Table 3-3). 

The results of the evaluation of design guidelines (Table 3-5) revealed that the NMBM app 

only has three of the eight guidelines (R1, R3 and R8). The results of the evaluation show that 

the NMBM app has several shortcomings in allowing the user to interact with other users, 

view and add to other reports, as well as take on more complex tasks.  

DESIGN GUIDELINES NMBM APP 

D1 Defined measures for phenomena accompanied by an image, textual data 
and location of PoI.  

 

D2 An expert role for users to make more complex measurements.  

D3 Progress updates available for users.  

D4 Tagging for users to communicate tasks to other users.  

D5 Allow users to explore reports and add information.  

D6 Timely and reliable alerts for issues close to the user’s location.   

D7 Geo-located group discussion features for awareness.  

D8 Compulsory user registration to increase the reliability of the reports.  

Table 3-5: Evaluation of NMBM App using Design Guidelines for Crowdsensing Systems. 

The second evaluation of the key success factors and guidelines was done according to the 

phases of a crowdsensing process (Table 3-6). However, this section only reports on the 

factors and guidelines in the Project Initiation phase. The evaluation based on the Data 

Sensing and Gathering and Data Analysis phases are reported on in Chapter 5. 

KEY SUCCESS FACTOR GUIDELINES NMBM 
APP 

K1 Budget constraints 
G1 Development of a solid economic model   

G2 Identify non-monetary rewards  

K2 User motivation 

G3 Keep target audience capacity in mind  

G4 Communicate benefits to prospective participants  

G5 Provide appropriate rewards  

G6 Incentive mechanisms must be adaptable to 
increasing demands 

 

G7 Reduce the complexity of the data collection protocols  

K3 
Recruitment of 
participants 

G8 Maintain the minimum number of participants  

G9 Analyse variables  

K4 User mobility 
G10 Assess variability of interest in different regions  

G11 Generate density map  

Table 3-6: Evaluation of NMBM App against Guidelines in the Project Initiation Phase. 

The hotline is funded by NMBM and all the staff that work on the project are NMBM staff. 

The project does not use any form of rewards to incentivise citizens to submit water issues 
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thus the citizens are expected to make data submissions for the citizen’s own benefit and the 

benefit of their community. The NMBM has simple data collection protocols that do not 

require the citizen to input a lot of data to the mobile application. However, the NMBM app 

is a native app that requires the citizen to have the app to be installed on their mobile device 

in order to make data submissions which may be considered a nuisance by citizens. The 

NMBM staff responsible for the data can generate density maps to assess the variability of 

interest in different regions but the citizens are not privy to any information on data 

submissions excluding their own. 

3.6 Conclusions 

Crowdsensing contains several key elements of a smart community, since it involves both 

technology and engagement of people, and can be used to improve the quality of living for 

the people in a community. Crowdsensing can alleviate the three identified barriers to smart 

communities (technology learning curve, scalability and cost of intelligence) by using citizens’ 

mobile devices as the technology required to transform their lives. There are several 

challenges that project coordinators face in crowdsensing projects such as the motivation of 

users, managing heterogeneous data and providing data analytics for the large amounts of 

data coming into the crowdsensing platform. The literature review on the challenges of 

crowdsensing led to the development of a Challenge Framework for Crowdsensing. 

Therefore, the first research question RQ1: What are the problems faced by citizens and water 

service providers regarding crowdsensing and water resource monitoring as identified by 

literature and within a real-world context? has been partially answered based on the 

literature review and development of the Challenge Framework for Crowdsensing.  

Three phases of the crowdsensing process were identified in literature that can assist 

coordinators of crowdsensing projects in structuring the projects. The three phases are 1) 

Project initiation; 2) Data sensing and gathering and; 3) Data analytics (Section 3.4.1.1). The 

outputs to the Project Initiation phase are a task list, recruitment and incentive policies, 

crowdsensing system and list of participants. Pre-processed data is the only output from the 

Data Sensing and Gathering stage while the output of the Data Analysis phase is the feedback 

that is given to the users of the crowdsensing system. There are eight key success factors that 

should be considered in each phase of the crowdsensing process according to literature 

(Section 3.4.1.4). The key success factors and the phase they pertain to are: 

 Project Initiation – recruitment of participants, user motivation, budget constraints 

and user mobility. 

 Data Sensing and Gathering – data quality, data delivery, security and privacy and 

resource limitations. 
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 Data Analytics – analysis of data, heterogeneous data and data validation. 

The following research question has therefore been answered in this chapter from a 

theoretical perspective: 

RQ2: What are the common activities and key success factors for crowdsensing 

projects? 

In answering RQ2, a Crowdsensing Reference Framework was proposed (Figure 3-5). The 

reference framework consists of the crowdsensing process and its related key success factors 

and Guidelines for Crowdsensing Projects (Table 3-3). During the project initiation phase, 

specifically the tasking activity, the project coordinators must elicit requirements of the 

crowdsensing system based on the tasks that the users of the system are expected to perform 

(Section 3.4.1.4). The Design Guidelines for Crowdsensing Systems (Table 3-4) should be used 

to inform the design of a crowdsensing system. Thus, the fourth research question RQ4: What 

design guidelines can be used for crowdsensing for water resource monitoring to create a 

smart community? has been partially answered in this chapter. Figure 3-9 illustrates the first 

version of the main contribution of this study, a Crowdsensing Method for Water Resource 

Monitoring in Smart Communities (also referred to as the Crowdsensing Method).  

The extant system analysis (Section 3.5) revealed that project coordinators mainly focus on 

developing a technical solution that allows citizens to report water issues. The studies 

identified through the system analysis make no mention of the social or program components 

of their crowdsensing design. The results of the review show that the coordinators of 

crowdsensing projects do not adequately investigate the social design considerations 

identified in Section 1.5.1. The success of crowdsensing, and therefore the development of a 

smart community, lie in the continuous engagement of citizens and the citizens’ willingness 

to collaborate and cooperate with the project coordinators. Failure in understanding the 

social systems that exist around the area of context and real-world problem, poses a risk to 

the success of the project and can lead to the failure to meet the minimum number of 

participants to keep the crowdsensing system functional. The next chapter reports on an 

investigation into citizens’ perceptions of crowdsensing for water resource monitoring in 

order to develop an understanding of the social systems around crowdsensing for water 

resource monitoring.
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Figure 3-9: A Crowdsensing Method for Water Resource Monitoring in Smart Communities Version 1 (Author’s Own Construct).
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4  C I T I Z E N S ’  P E R C E P T I O N S  O F  

C R O W D S E N S I N G  F O R  W A T E R  R E S O U R C E  

M O N I T O R I N G 1 

4.1 Introduction 

The previous chapter examined literature on the domain to expand the understanding of the 

problem. Chapters 1 and 3 provided an understanding of the real-world problematic situation 

and the area of concern while Chapter 2 explored the conceptual framing (F) and methods of 

inquiry (M) of the research study. This chapter reports on the research activities of engaged 

scholarship by investigating the citizens’ perceptions of P and A to make contributions to P 

and A. This chapter will thus address the following research questions (Section 1.4): 

RQ1: What are the problems faced by citizens and water service providers regarding 

crowdsensing and water resource monitoring as identified by literature and within a 

real-world context? 

RQ3: What sociotechnical design can be used for a crowdsensing system that recruits 

and incentivises participants to collect data continuously for water resource 

monitoring? 

RQ4: What design guidelines can be used for crowdsensing for water resource 

monitoring to create a smart community? 

The main problems in crowdsensing projects relate to the recruitment and motivation of 

participants (Section 4.2). A survey was therefore conducted to elicit the perceptions of 

citizens toward crowdsensing and water resource monitoring (Section 4.3). After analysing 

the results of the survey several guidelines are proposed for citizen participation in 

crowdsensing for water resource monitoring (Section 4.4). These guidelines are added to the 

Crowdsensing Method and an updated version (Version 2) is proposed and several 

conclusions are made (Section 4.5).  

                                                      

1 The literature and survey results discussed in this chapter were published as a full double-blind peer-reviewed 

conference paper at the 2018 Annual Conference of the South African Institute of Computer Scientists and 

Information Technologists (SAICSIT). Clara Mloza-Banda and Brenda Scholtz. 2018. Crowdsensing for Successful 

Water Resource Monitoring: An Analysis of Citizens’ Intentions and Motivations. In SAICSIT ‘18, Port Elizabeth, 

South Africa, September 26-28, 2018. (Appendix C). 
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This chapter presents several deliverables that are theoretical and practical contributions to 

P and A: 

 Conceptual Model for Submission of Water Data using TPB (Figure 4-15). 

 Framework of Motivational Factors for Crowdsensing (Figure 4-14). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

 A Crowdsensing Method for Water Resource Monitoring in Smart Communities 

Version 2 (Figure 4-17).  

The full chapter structure is illustrated in Figure 4-1. 

 

Figure 4-1: Structure and Deliverables for Chapter 4. 

4.2 Problem Formulation and Theory Building 

Jaimes et al. (2015) emphasise that the success or failure of a crowdsensing scheme depends 

on the number of citizens willing to participate in the data collection process to guarantee 

coverage and data quality. However, very few researchers investigate the potential profile of 

participants for their crowdsensing projects and the social systems around the crowdsensing 

systems. It is pertinent that project coordinators understand potential participant profiles to 

design crowdsensing systems of good service quality that use appropriate incentive 
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mechanisms to achieve adequate user participation. The knowledge and understanding of the 

profile of potential participants of a crowdsensing system can provide guidance and 

recommendations for project coordination and data collection protocols, which can in turn 

improve the success of crowdsensing. While Chapter 3 identified crowdsensing problems in 

literature (Figure 3-5), this chapter identifies problems faced by citizens in a real-world 

context. 

The main problems identified are (Section 3.4.1.2):  

 Difficulty in the recruitment of adequate participants to keep a crowdsensing system 

functional. 

 Motivating a large number of citizens to provide large quantities of data. 

In line with the Problem Formulation activity of the Engaged Scholarship methodology (Figure 

4-2), and in order to further understand the problems identified above, the researcher 

defined two supplementary research questions related to RQ1: “What are the problems faced 

by citizens and water service providers regarding crowdsensing and water resource 

monitoring as identified by literature and within a real-world context?”. These two additional 

questions are: 

RQ1.1: How do past behaviour, behavioural attitude, subjective norms and perceived 

behavioural control influence the intention to participate in crowdsensing for water 

resource monitoring? 

RQ1.2: What are the factors that affect the citizens’ motivation to participate in 

crowdsensing for water resource monitoring? 

4.2.1 Crowdsensing as a Behaviour 

This study is designed as an intervention to integrate water resource monitoring as the norm 

in smart communities. Crowdsensing requires continuous data collection to be successful, 

and the continuous submission of data by participants can be defined as a behaviour. For this 

reason, this study uses the TPB to investigate and understand the continuous submission of 

water data (as participants’ behaviour). 

TPB is a commonly used theory first developed by Icek Ajzen (Ajzen, 1991). The TPB states 

that “behavioural intention is the key predictor of behaviour, with attitudes, norms and 

perceived behavioural control as the most important antecedents of a person's intention to 

perform the behaviour” (Fishbein & Ajzen, 2010; Ajzen, 1991). TPB also acknowledges actual 

behavioural control as mediating the effect of intention on behaviour (Francis et al. 2004; 

Fishbein & Ajzen 2010). There are three primary social psychological constructs associated 
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with the TPB namely: behavioural attitude, subjective norms and behavioural control (Figure 

4-3).  

 

Figure 4-2: Problem Formulation of Citizens’ Perceptions of Crowdsensing for Water Resource 

Monitoring (Iterations 1 and 2). 

 

Figure 4-3:Theory of Planned Behaviour (Fishbein & Ajzen, 2010).  
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4.2.1.1 Behavioural Attitude 

An attitude is a certain way of thinking or feeling about something (Francis et al. 2004; 

Fishbein & Ajzen 2010). Behavioural attitude refers to a person’s evaluation of the behaviour 

which includes beliefs about the consequences, as well as their positive and negative 

judgements about performing the behaviour (Francis et al. 2004; Fishbein & Ajzen 2010). 

Typically, the more positive an individual’s attitude is toward a certain behaviour, the higher 

the chance they will engage in the behaviour (Fishbein & Ajzen, 2010).  

4.2.1.2 Subjective Norms  

Subjective norms refer to a person’s estimation of the social pressure to perform the target 

behaviour or not (Francis et al. 2004; Fishbein & Ajzen 2010). Subjective norms are the beliefs 

about how other people expect the person to behave and how the person feels about their 

expectation (Francis et al., 2004). Subjective norms can be through what an individual sees or 

thinks others are doing (descriptive norms), or through pressure brought on by the 

expectations of others (injunctive norms).  

4.2.1.3 Behavioural Control 

Perceived behavioural control explores how much control a person has over their own 

behaviour and their confidence in being able to perform the behaviour (Francis et al. 2004; 

Fishbein & Ajzen 2010).  This construct allows an exploration into the internal and situational 

factors that can facilitate or inhibit performing the behaviour (Francis et al., 2004). 

Investigating perceived behavioural control can assess the person’s self-efficacy by asking 

how difficult they would find it to perform the behaviour and the confidence that they would 

be able to accomplish it. On the other hand, actual behavioural control is whether an 

individual can actually perform the behaviour (Francis et al. 2004; Fishbein & Ajzen 2010). 

Actual behavioural control is determined by an individual’s abilities, skills and external factors 

that can act as barriers to the indulgence of the behaviour (Fishbein & Ajzen, 2010). 

4.2.1.4 Application of TPB 

TPB can assist in developing the sociotechnical design for the Crowdsensing Method in the 

following ways: 

 Studies into the behavioural attitudes towards a certain behaviour can allow the 

researcher to discover citizens’ perceptions into how they feel about the 

crowdsensing project. 

 Studies into the subjective norms can develop insights into how social norms can 

contribute to the sociotechnical design for the Crowdsensing Method. 
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 Studies into behavioural control can help highlight the motivations that could lead to 

citizens’ continuous participation. Furthermore, studies into behavioural control can 

lead to the discovery of barriers and opportunities that exist in the crowdsensing 

process. 

TPB is used in the study to investigate citizens’ intentions to participate in water resource 

monitoring and to determine the influence of their attitudes, norms and perceived 

behavioural control on their intentions. Past behaviour is added as a fourth construct to 

investigate the effect of past behaviour on current intention and future behaviour. The 

following hypotheses were proposed in the model (Figure 4-4):  

𝑯𝟏.𝟏 :  An individual’s intention to continuously submit water data is influenced by 

their past behaviour. 

𝑯𝟏.𝟐:  An individual’s intention to continuously submit water data is influenced by 

their behavioural attitude.  

𝑯𝟏.𝟑:  An individual’s intention to continuously submit water data is influenced by 

their subjective norms towards the behaviour.  

𝑯𝟏.𝟒:  An individual’s intention to continuously submit water data is influenced by 

their perceived behavioural control over the behaviour.  

 

Figure 4-4: Conceptual Model for Submissions of Water Data using TPB (Author’s Own 

Construct). 

The appropriate application of TPB has shown to predict the intention to perform a behaviour 

(Martin et al., 2017). However, having an intention does not confirm the engagement of a 

behaviour. A researcher seeking behaviour change needs to discover what emotional, social 
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or cognitive forces activate the behaviour (Joachim et al., 2015). Those forces, whether 

internal or external, must be able to induce an individual’s motivation and stimulate their 

desire and energy to be continually interested and committed to performing a given 

behaviour. 

4.2.2 Motivational Factors and Incentives for Crowdsensing 

A significant key success factor for crowdsensing projects is ensuring user motivation and 

considering the design of incentive mechanisms (Table 3-3). Guidelines G10 and G13 advise 

on identifying appropriate rewards, preferably non-monetary for long-term sustainability of 

the project. Citizens participating in crowdsensing consume their own resources such as 

computing and battery power (Yang et al., 2015a). In addition, the citizens expose themselves 

to potential privacy threats by sharing their sensed data with location tags. Yang et al. (2015a, 

p.1733) state a user would not be interested in participating in crowdsensing, unless it receives 

a satisfying reward to compensate its resource consumption and potential privacy breach. 

Thus, it is important to develop robust incentive mechanisms as crowdsensing systems rely 

on adequate user participation to achieve good service quality (Jaimes, Vergara-Laurens & 

Raij, 2015).  

The development of a crowdsensing system requires the investigation of citizen’s motivations 

to design incentive mechanisms that allow the continuous collection of data (Figure 4-5). 

Brewer, Hollingsworth and Campbell (1995) describe an incentive as a reward, reinforcement 

or external stimulus that motivates an individual to perform a behaviour. The Merriam-

Webster Online dictionary (2018) defines a mechanism as a “technique for achieving a result”. 

In this regard, an incentive mechanism can be described as a technique for providing 

incentives to motivate behaviour. An example of an incentive mechanism is using gamification 

to reward a crowdsensing participant for completing a task. 

4.2.2.1 Motivational Factors for Citizen Participation in Citizen Science 

The recruitment, motivation and retention of participants is always a significant challenge for 

any citizen science project (Rotman et al., 2014; Minkman, 2015). Minkman (2015) provides 

a theoretical framework of motivational factors and barriers affecting citizen intention to 

participate in a citizen science project. The framework describes over 40 citizen motivations 

and barriers to participating in citizen science, which is relevant to crowdsensing as 

crowdsensing is a form of citizen science (Section 2.3).  Table 4-1 shows a summarised version 

of the framework that Minkman (2015) uses to survey the motivations and barriers in the 

context of a specific citizen science project. 
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Figure 4-5: Relationship between Motivational Factors and Incentives in Crowdsensing 

(Author’s Own Construct). 

 

INITIAL MOTIVATIONAL FACTORS FOR PARTICIPATION IN CITIZEN SCIENCE 

 Financial compensation   Learn new skills  Being able to act independently 

 Direct feedback  Combine existing skills  It is fun 

 Increase of chance on a job   Learn new things  To kill time 

 Increase my capacity   Discover things  I like this project 

 Teach others   Do scientific research  Beautiful environment 

 Help others  Gain new social contacts  It matches my hobbies 

 Do something with friends   Being part of a community  I feel responsible to do so 

 Contribute to science  Contribute to conservation  Improve my reputation 

DE-MOTIVATIONAL FACTORS TO PARTICIPATE IN CITIZEN SCIENCE 

 Data not being used  Insufficient time 

 Not willing to collect for policy needs  Volunteer physically unable 

 Lack of confidence.  Unappealing recording process 

 Power gap between volunteer and coordinators  

Table 4-1: Summarised Framework of Motivational Factors for Participation in Citizen Science 

(Minkman, 2015). 

Minkman (2015) describes motivational factors that motivate citizens to make the first step 

toward participation in citizen science. However, crowdsensing requires continuous data 

collection to be successful. The success of crowdsensing, and citizen science, relies on the 

long-term participation of the volunteers (Rotman et al., 2014). Rotman et al. (2014) suggest 

five motivational factors to encourage long-term participation: 
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 Acknowledgement and Attribution: Volunteers would like to be recognised and 

attributed to the work they perform and see that the work brings value to the area of 

concern. 

 Policy and Activism: Volunteers would want to see the impact of their work on the 

government, institutions or community depending on the project objectives.  

 Mentorship: Other volunteers may seek deeper involvement in the project and to 

move up the citizen science pyramid (Section 2.3.2). 

 Common goals: A volunteer may remain in a project long-term because it aligns with 

their common goals. 

 Trust: A volunteer may maintain trust in the process, the usage of their data, value, 

leadership roles. 

4.2.2.2 Incentive Theory for Participatory Crowdsourcing 

Citizens may participate in crowdsensing for various reasons ranging from internal desires and 

a wish to gain external rewards. Bosha, Cilliers and Flowerday (2017) propose an incentive 

theory for a participatory crowdsourcing project in a developing country. The theory extends 

the Incentive Theory which is a motivational theory that states that motivation to perform 

tasks is dependent on both extrinsic and intrinsic incentives (Cherry, 2018). Intrinsic 

incentives provide the internal feeling that comes with accomplishing an activity or task 

(Massung et al., 2013). Intrinsic incentives include satisfaction, enjoyment and interest. 

Monetary and tangible non-monetary incentives can serve as extrinsic incentives to motivate 

citizens to contribute data (Brewer, Hollingsworth & Campbell, 1995; Bosha, Cilliers & 

Flowerday, 2017). Bosha, Cilliers and Flowerday (2017) extend the Incentive Theory by adding 

an extra type of incentive, internalised-extrinsic incentives to encourage the continuous 

collection of data. Internalised-extrinsic incentives motivate citizens to make data 

contributions to gain or improve their standing in their community, then teach and influence 

other members of the community (Gassenheimer, Siguaw & Hunter, 2013). 

Rewards, such as money and points (gamification), are regarded as powerful motivators when 

the sensing activity does not bring any immediate benefits to the participants (Jaimes, 

Vergara-Laurens & Raij, 2015). On the other hand, non-monetary incentives allow citizens to 

volunteer to participate, preferable in projects where monetary rewards might not be 

possible. In this regard, this research study will only explore non-monetary incentives to fit 

the context of a developing country.  

4.2.2.3 Categorising Incentives 

Incentives can be classified based on the types of stimuli that encourage user participation 

(Jaimes, Vergara-Laurens & Raij, 2015). Jaimes, Vergara-Laurens and Raij (2015) conducted a 
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survey on crowdsensing incentive mechanisms documented in published articles and 

conference papers and found that collective, intrinsic, social interaction and self-benefit 

incentives were the most significant factors affecting the level of participation in 

crowdsensing projects. Rotman et al. (2014) suggest self-efficacy as a significant category of 

incentives. These five categories of incentives have been found to influence the level of 

participation in crowdsensing projects (Figure 4-6).  

 

Figure 4-6: Categories of Incentives based on the Incentive Theory for Participatory 

Crowdsourcing (Author’s Own Construct). 

Collective incentives encourage working together for a common good. Such incentives may 

motivate citizens interested in bettering society for the greater good, social responsibility 

and/or conservation (Rotman et al., 2014; Jaimes, Vergara-Laurens & Raij, 2015).  For 

example, monitoring pollution benefits the community and not just the participants (Jaimes, 

Vergara-Laurens & Raij, 2015). However, Simon et al. (1998) state that collecting data to 

better the community might not be enough to motivate citizens to participate in 

crowdsensing. Thus, it is necessary for researchers to investigate other sources of motivation 

for the design of incentive mechanisms.  

Users can be involved in crowdsensing projects based on their own intrinsic motivation 

(Wiggins, 2011). Intrinsic incentives allow participants to volunteer due to their inherent 

interest, enjoyment or leisure. EBird focuses on a target group of bird watchers that 

contribute data about bird distribution and abundance (Sullivan et al., 2009). The participants 

of eBird contribute to the database based on inherent interest, and have managed to attain 

two million observations per month (Nov, Arazy & Anderson, 2011). Tuite, Snavely and Tabing 

(2011) introduced PhotoCity, an online game that implores participants from all over the 
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world to take photos at targeted locations for the purposes of large-scale, targeted data 

collection.  Although the study only managed to secure a small number of participants (only 

45), the incentive design drove the participants to contribute thousands of highly relevant 

photos each. An important component of the incentive design was that participants gained 

more points for contributing photos of a less-photographed area. 

Self-benefit incentives (also known as self-interest or self-promotion) allow participants of 

the crowdsensing scheme to receive gratification for their data contributions (Jaimes, 

Vergara-Laurens & Raij, 2015). Gratification can be in the form of self-promotion and 

furthering the participants’ opportunities, as well as receiving feedback from the system only 

after making a data contribution. Tomasic et al. (2014) recommend the quid pro quo (QPQ) 

approach to be effective in maximising data contributions. With the QPQ approach, users can 

only access the system if they contribute data, and is ideal for highly useful crowdsensing 

systems. Rotman et al. (2014) propose self-efficacy as a category of incentives where citizens 

participate for the purposes of generating scientific knowledge or being part of scientific work 

(citizen science). In addition, Han et al. (2011) and Jaimes et al. (2015) report that participants 

are motivated by social interaction such as feedback from their peers and reinforcing others 

information. Crowdsensing systems may use technologies such as social networks, blogs and 

SMS to allow participants to interact with each other. Social networks are also used for 

recruitment and participation. Table 4-2 provides several examples of crowdsensing and the 

incentives they utilise for user participation. 

SYSTEM DESIRED OUTCOME RESEARCHERS INCENTIVE CATEGORY 

The Mahali Project Space weather monitoring Pankratius et al. 
(2014) Self-efficacy 

Collective incentives CrowdHydrology Hydrologic measurements Lowry and Fienen 
(2013) 

Ebird Bird distribution and 
abundance 

Wiggins (2011) Self-efficacy 
Intrinsic motivation 

NoiseTube Noise maps D’Hondt, Stevens 
and Jacobs (2013) 

Collective incentives 
Social interaction  

Public Safety Project Public safety reports Bosha (2015) Collective incentives 

NMBM App Service delivery reports NMBM (2018) Collective incentives 
Self-benefit 

Tracking the Wild Capture and share wildlife 
sightings 

Tracking the Wild 
(2013) 

Collective incentives 
Social interaction  

CrowdAnswer  Question-answering Zhou et al. (2013) Social interaction 

Disease Surveillance 
Project 

Disease surveillance Haddawy (2015) Collective incentives 
Self-benefit 

PetaJakarta.org Acquire flood-related data 
in real-time 

Turpin and 
Holderness (2015) 

Social interaction 

Location tracker for 
elderly in a smart 
city 

Track and monitor the 
elderly 

Shien and Singh 
(2017) 

Self-benefit 

Table 4-2: Incentive Categories used by Crowdsensing Systems. 
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4.2.2.4 Conceptual Model of Motivation Factors for Crowdsensing 

Based on the discussed categories of incentives suggested by Jaimes, Vergara-Laurens and 

Raij (2015) and Rotman et al. (2014), an extended framework for motivational factors and 

barriers for crowdsensing was designed by the researcher (Figure 4-7). This framework 

extends the framework presented by Minkman (2015) to include motivational factors that 

encourage long-term participation as stated by Rotman et al. (2014). In addition, the 

extended framework groups the motivational factors based on the incentive category they 

can influence. One motivational factor from the original framework (Table 4-1), financial 

compensation, was omitted from the extended framework as it is not relevant to the 

purposes of this study which only explores non-monetary incentives. Three more 

motivational factors were added to the framework based on a research study into motivations 

for participating in citizen science performed by Geoghegan et al. (2016).  

 

Figure 4-7: Framework of Motivational Factors for Crowdsensing (Author’s Own Construct). 

4.2.3 Summary of Problem Formulation and Theory Building 

The two supplementary research questions (Figure 4-2) initiate two iterations of the engaged 

scholarship research activities (Figure 4-8). The first iteration addresses the research question 
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RQ1.1: “How do past behaviour, behavioural attitude, subjective norms and perceived 

behavioural control influence the intention to participate in crowdsensing for water resource 

monitoring?” TPB is the theory used to develop the Conceptual Model for Submissions of 

Water Data (Figure 4-4), which will guide the data collection process required to address the 

research question RQ1.1. The second iteration addresses the research question RQ1.2: “What 

are the factors that affect the citizens’ motivation to participate in crowdsensing for water 

resource monitoring?” Minkman's (2015) framework of motivational factors for participation 

in citizen science (Table 4-1) and the Incentive Theory for Participatory Crowdsourcing (Bosha, 

Cilliers & Flowerday, 2017) guided the development of a conceptual model to address this 

research question. The Framework of Motivational Factors for Crowdsensing (Figure 4-7) will 

guide the data collection process for Iteration 2.  

 

Figure 4-8: Problem Formulation and Theory Building for Iterations 1 and 2. 

4.3 Research Design 

The survey method, using an online questionnaire, was chosen as the empirical method for 

the collection of quantitative and qualitative data from citizens on their views toward water 

resource monitoring. The survey aimed to answer the two subsidiary research questions 

RQ1.1 and RQ1.2 which fuel Iterations 1 and 2 respectively (Figure 4-9).  
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Figure 4-9: Research Design for Iterations 1 and 2 of Engaged Scholarship Research Activities. 

An online questionnaire was used to obtain a cross-cultural sample of respondents and to 

achieve a large sample size. The questionnaire had four sections (Figure 4-10): 

 Introduction: The introduction section introduces the survey as a survey aimed at 

understanding the perceptions of citizens regarding contributing data on their water 

resources and water pollution such as littering, dirty water, water leaks, burst pipes 

and tanks. The introduction also stated that only persons over the age of 18 could take 

part in the study. The respondents were informed that their responses are voluntary 

and will be confidential as they will be anonymous. The introduction concludes with a 

mandatory option for respondents to give their consent to voluntarily participate in 

the study. 

 Demographics: The demographics section collected demographic information about 

the respondents, such as gender, age, level of education, employment status, 

residential information and their involvement in the water sector. 
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 Intention to participate: This section, aimed at addressing the first research question, 

was guided by the TPB (Ajzen, 1991) to understand citizens’ intentions to participate 

in water resource monitoring. The questions in this section utilised a 5-point Likert 

scale, ranging from 1 to 5, where 1 represents a negative response and 5 represents a 

positive response.  

 Motivational and De-motivational Factors: This section of the questionnaire was 

designed to answer the second research question related to factors that influence 

citizen’s motivation to participate in crowdsensing for water resource monitoring. This 

section was guided by the Extended Framework of Motivational Factors for 

Crowdsensing (Figure 4-7) and the de-motivational and initial motivational factors 

from the framework were translated into closed and open-ended questions.  The 

respondents were asked to select the three most important motivational factors and 

at least three de-motivational factors. 

 

Figure 4-10: Survey Design. 

4.3.1 Piloting the Questionnaire 

A pilot study was carried out before deploying the questionnaire to identify issues with the 

instrument and find possible solutions. The researcher selected five respondents to pilot the 

questionnaire and comment on the items. The respondents were asked to comment on the 

following:  

 Are any questions ambiguous or difficult to answer?  

 Does the questionnaire feel too repetitive?  

Section D

Motivational and De-motivational Factors

Section C

Intention to participate

Section B

Demographics

Section A

Introduction
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 Does it feel too long? 

 Are there any annoying features of the wording or formatting? 

Table 4-3 shows the issues identified by the respondents. The responses showed a consensus 

in the clarity and the ease in answering the questions. However, two respondents suggested 

splitting the questionnaire into smaller sections to make it seem less long.  The responses led 

to minor changes in wording or formatting. The final questions in the questionnaire can be 

seen in Appendix B. 

RESPONDENT ISSUES COMMENT 

1 Clarify the questions on barriers, “based on the previous 
question” 
Certain questions can be skipped based on the previous answer, 
rectify. 

Done 

2 Remove “Student” from employment status as “Not employed” 
already exists. 

Done 

3 Divide the questions into more sections to make the 
questionnaire seem less long 

Done 

4 I felt the wording in the linear questions was a bit odd (e.g. I don’t 
know if it’s appropriate to use undesirable and desirable to 
describe reporting water.)  
It does feel a bit long, maybe if you split it into smaller sections? 

Swapped for 
important/ 
unimportant 

5 Change up the order of questions to make them more random. 
Clarify questions on barriers to make them more directed e.g. 
“Based on the number of barriers you submitted” 

Done 

Table 4-3: Results from Piloting the Questionnaire. 

4.3.2 Profile of Respondents 

To get respondents from all over the world, a link to the survey was posted on several 

websites including Poll-Pool.com, SurveySwap.io, App.SwapSurvey.com, SurveyCircle.com. In 

addition to this random sampling of participants, the link to the online questionnaire was 

distributed using the snowball sampling technique to expand the geographical scope of the 

study and access hidden populations that do not visit survey websites (Baltar & Brunet, 2012). 

Snowball sampling uses existing participants of the study to recruit their acquaintances who 

fit the eligibility criteria and can potentially contribute to the study. A link to the survey was 

sent to any citizens, social media influencers, researchers and government officials. Per the 

snowball sampling technique, all the people who were contacted were asked to spread the 

link to the questionnaire through their mailing lists and social network accounts (such as 

Facebook, Twitter and LinkedIn). The contacted persons were also asked to send a link to the 

survey to anyone they knew could meet the criteria (age limit of 18).  
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4.4 Analysis of Survey Results 

In the five weeks that the survey was online, 123 responses were obtained, and 120 

respondents completed the full questionnaire, representing an overall response rate of 

approximately 98%. The following sections presents the analysis of the survey results. 

4.4.1 Survey Results from Demographics Section 

A variety of descriptive statistics were calculated on the seven items of the Demographics 

section of the survey. The respondents were classified based on their age (Table 4-4), gender 

(Table 4-5), level of education (Table 4-6), employment status (Table 4-7), country of 

residence (Table 4-9), type of residential and work/school community (Table 4-8) and their 

involvement with the water sector or water resources (Table 4-10). Figure 4-11 summarises 

the distribution of respondents across demographics. 

Over half of the respondents (57%) were between the ages 21 and 29 while the lowest 

percentage of respondents (3%) were over 59 years old. Only six respondents (5%) were 

between the ages of 18 and 20 and 14 respondents (12%) were within the 30 to 39 age group. 

Over a sixth of the respondents (18%) were within the age group 50 to 59 while only seven of 

the respondents (6%) were between the ages of 40 and 49. The sample of respondents had a 

higher number of female respondents than male respondents with 68 respondents out of the 

total of 120 respondents (57%) being female. A total of 52 respondents (43%) were male. 

Age Group n % 

18-20 6 5 

21-29 68 57 

30-39 14 12 

40-49 7 6 

50-59 22 18 

60+ 3 3 

Table 4-4: Frequency Distribution: Age (n=120). 

Gender n % 

Female 68 57 

Male 52 43 

Table 4-5: Frequency Distribution: Gender (n=120). 

Almost half of the respondents (48%) had a postgraduate degree while 41 respondents (34%) 

only had an undergraduate degree. Only eight respondents (7%) had a high school education 

while 14 respondents (12%) had a college qualification as their highest level of education. 

Most of the respondents (62%) were employed while only two respondents (2%) were retired. 

Almost a third of the respondents (33%) were students while five respondents (4%) were 

unemployed.



CHAPTER 4 CITIZENS’ PERCEPTIONS OF CROWDSENSING FOR WATER RESOURCE MONITORING 
 

  Page 74 

 

   

   

Figure 4-11: Demographics of Respondents.
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Level of Education n % 

High School 8 7 

College 14 12 

Undergraduate Degree 41 34 

Postgraduate Degree 57 48 

Table 4-6: Frequency Distribution: Level of Education (n=120). 

Employment Status n % 

Not employed 5 4 

Student 39 33 

Employed 74 62 

Retired 2 2 

Table 4-7: Frequency Distribution: Employment Status (n=120). 

While many of the respondents (73%) go to school or work in the city or an urban community, 

only five respondents (4%) work or go to school in a rural community. Over a fifth of the 

respondents (23%) work or go to school in a suburban community and over a third of the 

respondents (35%) live in a suburban community. Over half of the respondents (58%) live in 

the city or in an urban community while only nine respondents (8%) live in a rural community. 

 Residential Community Work/School Community 

Employment Status n % n % 

Suburban community 42 35 28 23 

City or urban community 69 58 87 73 

Rural community 9 8 5 4 

Table 4-8: Frequency Distribution: Type of Community (n=120). 

The 120 respondents are resident in 12 countries of which six of the countries are developed 

countries and the other six countries are developing countries. Although the countries are 

evenly split in terms of their developed and developing categories, most of the respondents 

(75%) are resident in developing countries and over half of the respondents (57%) reside in 

South Africa (Figure 4-12). These numbers are appropriate for this study as the research 

problem (Section 1.2) highlights a need for a crowdsensing method in developing countries 

and the case study focuses on South Africa (Section 2.4.2.4).   

The lowest number of respondents came from Uganda and Canada with each having one 

respondent (1%). Australia, Benin and Kenya had two respondents (2%) each and three 

respondents (3%) are resident in the United States of America. The United Kingdom and the 

Netherlands had eight (7%) and seven (6%) respondents respectively while Swaziland and 

Germany had six respondents (5%) each. 
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Figure 4-12: Respondents from Developed Countries vs Developing Countries. 

Country 
Developing 

Country 
Developed 

Country n % 

South Africa   68 57 

Malawi   14 12 

United Kingdom   8 7 

Netherlands   7 6 

Swaziland   6 5 

Germany   6 5 

United States of America   3 3 

Australia   2 2 

Benin   2 2 

Kenya   2 2 

Uganda   1 1 

Canada   1 1 

TOTAL 6 6 120 100 

Table 4-9: Frequency Distribution: Country (n=120). 

A majority of the respondents (54%) stated that their hobbies, home life or work do not 

revolve around the water sector or water resources. On the other hand, 55 of the respondents 

(46%) of the respondents stated that their hobbies, home life or work revolve around the 

water sector or water resources. Some of the reasons for the respondents’ involvement with 

the water sector or water resources include: 

 Irrigation for farming and sugarcane production. 

 For academic research in areas such as agricultural water management, rainwater 

harvesting flood protection, water and waste management and estuarine ecology. 

 Work in water supply and resources engineering. 

 Work on water awareness campaigns. 

 Hobbies such as swimming and canoeing. 

 

27
68

25

93

Developed Countries South Africa Other Developing Countries
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Involvement with Water Sector/ Resources n % 

Hobbies, home life or work do not revolve 
around the water sector or water resources.  

65 54 

Hobbies, home life or work revolve around the 
water sector or water resources. 

55 46 

Table 4-10: Frequency Distribution: Involvement with Water Sector/ Resources (n=120). 

4.4.2 Investigation into the Intention to Participate  

The third section of the survey used the Conceptual Model for Submissions of Water Data 

using TPB to investigate the respondent’s intention to participate in water resource 

monitoring. As illustrated in Figure 4-4, the variables were operationalised in a manner 

consistent with the TPB model (Francis et al., 2004). As previously stated in Section 4.3, all 

questionnaire items required respondents to indicate their agreement on a 5-point scale. 

Based on recommendations by Harpe (2015), statistical ranges were applied to the data from 

the Likert scale question responses to categorise the responses as negative [1 to 2.6), neutral 

[2.6 to 3.4] and positive (3.4 to 5]. 

4.4.2.1 Measuring Past Behaviour 

To determine a measure of past behaviour, the respondents were asked if they had ever 

reported water issues before. Most of the respondents (70%) had never reported water issues 

before while 30% of the respondents had reported issues to water authorities before. Even 

though the mean ratings for both respondents who had never reported before and 

respondents who had reported before were both positive, respondents that had reported 

water issues before had a much higher intention rating (µ =4.43, SD = 0.62) compared to 

respondents who had never reported water issues before (µ =3.77, SD = 1.06).  

4.4.2.2 Measuring Behavioural Attitude 

Questionnaire items on the behavioural attitude where structured to elicit the behavioural 

beliefs that are shared by the target population (Francis et al., 2004). Direct measurement of 

behavioural attitude involves using evaluative bipolar adjectives such as pleasant – 

unpleasant. As guided by Francis et al. (2004), the items on direct measures included 

instrumental items that investigate whether the behaviour achieves something (e.g. useful – 

worthless) and experiential items that investigate how it feels to perform the behaviour (e.g. 

pleasant – unpleasant). The overall attitude score based on direct measures was measured 

by calculating the mean of the item scores (Table 4-11).  
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Statements Mean Std. 
Deviation 

St. 
Error 

BA1: In my opinion, reporting cases of water pollution and 
wastage issues to the municipality is: Worthless/Useful 

4.01 1.15 0.106 

BA2: In my opinion, reporting cases of water pollution and 
wastage issues to the municipality is: Unpleasant (for me)/ 
Pleasant (for me) 

3.40 1.14 0.105 

BA3: In my opinion, reporting cases of water pollution and 
wastage issues to a trusted organisation is: Worthless/ Useful 

4.05 1.05 0.096 

BA4: In my opinion, reporting cases of water pollution and 
wastage issues to a trusted organisation is: Unpleasant (for 
me)/Pleasant (for me) 

3.80 1.05 0.096 

Overall 3.81 0.76 0.070 

Table 4-11: Descriptive Statistics of Direct Measures of Behavioural Attitude across all 

Respondents (n=120). 

The overall attitude scores of all respondents show that respondents have positive attitudes 

towards reporting cases of water pollution and wastage issues (µ = 3.81, SD= 0.76). The results 

show that respondents believe that reporting the issues to the municipality or a trusted 

organisation tasked to rectify the issues can be useful with positive mean ratings of 4.01 and 

4.05 respectively. Furthermore, the respondents gave a neutral response (µ = 3.40, SD= 1.14) 

to reporting the issues to the municipality while giving a positive response to reporting the 

issues to a trusted organisation (µ = 3.80, SD= 1.05). Most of the respondents (83%) had 

positive responses, thus are in favour of participating in water resource monitoring while only 

17 (14%) respondents had negative attitudes toward participation.  

TPB also allows the indirect measurement of behavioural attitude by assessing the strength 

of the behavioural beliefs shared by the target population and the outcome evaluations of 

those beliefs (Francis et al., 2004). Table 4-12 shows the questionnaire items to assess the 

behavioural beliefs and outcome evaluations. The results show that the respondents feel that 

the discovery of water issues is important (µ = 3.63, SD = 1.17) and contributes to the 

management of water resources (µ = 4.40, SD = 0.83). Furthermore, the respondents believe 

that assisting in the management of water resources by reporting cases of water pollution 

and wastage issues is extremely important with positive ratings of 4.13 and 4.19 respectively. 

In addition, the respondents feel they will be doing something good for the community if they 

report cases of water pollution and wastage (µ = 4.52, SD = 0.88), and that their reports will 

somewhat improve the management of their water resources (µ = 3.50, SD = 1.16).  
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Statements Mean Std. 

Deviation 

St. 

Error 

Behavioural Beliefs 

BA5: If I report cases of water pollution and wastage issues, I 

will feel that I am doing something positive for the community: 

Unlikely/Likely 

4.52 0.88 0.080 

BA6: Discovering cases of water pollution and wastage issues 

will contribute to the management of our water resources: 

Unlikely/Likely 

4.40 0.83 0.076 

BA7: If I report cases of water pollution and wastage issues, 

there will be an improvement in the management of our water 

resources: Unlikely/Likely 

3.50 1.16 0.107 

Total Behavioural Beliefs 4.14 0.68 0.062 

Outcome Evaluations 

BA8: Reporting cases of water pollution and wastage issues is: 

Extremely unimportant/ Extremely Important 

4.19 0.97 0.089 

BA9: Discovering cases of water pollution and wastage issues is: 

Extremely unimportant/ Extremely Important 

3.63 1.17 0.107 

BA10: Assisting in the management of water resources is: 

Extremely unimportant/ Extremely Important 

4.13 0.99 0.091 

Total Outcome Evaluations 3.98 0.85 0.077 

TOTAL 4.06 0.67 0.061 

Table 4-12: Descriptive Statistics of Indirect Measures of Behavioural Attitude across all 

Respondents (n=120). 

The standard calculation of an overall attitude score based on indirect measures in TPB 

research is to multiply each behavioural belief score by the relevant evaluation score and sum 

up the resulting products:  

  𝑨 = (𝑩𝑨𝟓 ∗ 𝑩𝑨𝟖) + (𝑩𝑨𝟔 ∗ 𝑩𝑨𝟗) + (𝑩𝑨𝟕 ∗ 𝑩𝑨𝟏𝟎) 

Where   A is the total attitude score 

BA5, BA6 and BA7 are scores for each of the three behavioural beliefs 

BA8, BA9 and BA10 are scores for outcome evaluations relating to each 

behavioural belief 

If the total attitude score is positive, the respondent is in favour of performing the behaviour 

while a negative score means the respondent is against performing the behaviour. The 

positive range of scores is -30 to +30, therefore, the total attitude scores across the 

respondents were categorised as negative (score < 0), neutral (score = 0) and positive (score 

> 0). The positive attitude scores were further divided into subcategories of weak (score 
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ranging from 1 to 10), moderate (score ranging from 11 to 20) and strong (score ranging from 

21 to 30) positive attitudes towards water resource monitoring. Table 4-13 presents the total 

attitude scores across respondents. 

 
Negative Neutral 

Positive 
Total 

Weak Moderate Strong 

South Africa 5 0 16 25 22 68 

Developing Countries 15 1 23 31 23 93 

Developed Countries 2 2 5 6 12 27 

Overall 17 3 28 37 35 120 

Table 4-13: Total Attitude Scores across Respondents (n=120). 

The total attitude scores of all the respondents reflect a positive attitude towards being 

involved in water resource monitoring and making water data submissions. The results are 

consistent with respondents from South Africa, developed and developing countries, with 

most respondents having a moderate or strong positive attitude towards water data 

submissions. 

4.4.2.3 Measuring Subjective Norms 

The direct measurement of subjective norms involves the use of items that refer to the 

opinions of important people regarding reporting cases of water pollution. Francis et al. 

(2004) recommend calculating the mean of the item scores to come up with the overall 

subjective norm score based on direct measures (Table 4-14).   

Statements Mean Std. 

Deviation 

St. 

Error 

SN1: Most people important to me think that I should report 

cases of water pollution and wastage issues: Strongly disagree/ 

Strongly agree 

3.16 1.15 0.105 

SN2: It is expected of me to report cases of water pollution and 

wastage issues: Strongly disagree/ Strongly agree 

3.78 1.23 0.113 

SN3: I feel under social pressure to report cases of water 

pollution and wastage issues: Strongly disagree/ Strongly agree 

2.68 1.35 0.124 

Overall 3.21 0.96 0.088 

Table 4-14: Descriptive Statistics of Direct Measures of Subjective Norms across all 

Respondents (n=120). 

Although the respondents feel it is expected of them to report cases of water pollution and 

wastage (µ = 3.78, SD = 1.23), the respondents do not feel any social pressure to report (or 

not report) water issues (µ = 2.68, SD = 1.35). Subsequently, the overall subjective norm rating 

is neutral (µ = 3.21, SD = 0.96).  
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TPB also allows the indirect measurement of subjective norms by assessing the strength of 

normative beliefs with respect to groups, organisations and categories of individuals 

(“reference groups”) who are likely to apply social pressure with respect to the behaviour 

(Francis et al., 2004). In addition, the indirect measurement of subjective norms includes the 

assessment of the motivation to comply with the pressure of each reference group.  Table 

4-15 shows the questionnaire items that assess the normative beliefs and the respective 

motivation to comply with the belief. 

Statements Mean Std. 

Deviation 

St. 

Error 

Normative Beliefs 

SN4: Members of my community would (approve/ disapprove) of me 

reporting cases of water pollution and wastage issues so the issues can 

be rectified. 

3.92 1.07 0.098 

SN5: The municipality and other organisations tasked with resolving 

water pollution and wastage issues would (approve/ disapprove) of 

me reporting cases of water pollution and wastage issues so the issues 

can be rectified. 

3.88 1.10 0.101 

SN6: Other people report cases of water pollution and wastage issues: 

Strongly disagree/ Strongly Agree 

3.10 1.07 0.098 

Total Normative Beliefs 3.63 0.82 0.075 

Motivation to Comply 

SN7: The approval of my community is important to me: Not at all/ 

Very much 

2.93 1.38 0.127 

SN8: Helping the municipality and other organisations tasked with 

resolving water pollution and wastage issues is important to me: Not 

at all/ Very much 

3.92 0.97 0.089 

SN9: Doing what other people do in regards reporting is important to 

me: Not at all/ Very much 

3.46 1.45 0.133 

Total Motivation to Comply 3.44 0.94 0.086 

Overall 3.53 0.71 0.065 

Table 4-15: Descriptive Statistics of Indirect Measures of Subjective Norms across all 

Respondents (n=120). 

The respondents feel that the municipality and other organisations tasked with resolving 

water pollution and wastage issues would approve of them reporting cases of water pollution 

and wastage so the issues can be rectified with ratings of 3.92 and 3.88. However, the 

respondents neither agree nor disagree that other people report cases of water pollution and 

wastage (µ = 3.10, SD = 1.07). Although the respondents report feeling neutral about the 

approval of their community (µ = 2.93, SD = 1.38), helping the municipality and other 
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organisations tasked with resolving water pollution and wastage issues is important to them 

(µ = 3.92, SD = 0.97). 

Following the standard of TPB research, each normative belief score is multiplied by the 

relevant motivation to comply score and the resulting products are summed up to calculate 

the overall subjective norm score based on indirect methods.  

  𝑵 = (𝑺𝑵𝟒 ∗ 𝑺𝑵𝟕) + (𝑺𝑵𝟓 ∗ 𝑺𝑵𝟖) + (𝑺𝑵𝟔 ∗ 𝑺𝑵𝟗) 

Where   N is the total subjective norm score 

SN4, SN5 and SN6 are scores for each of the three behavioural beliefs 

SN7, SN8 and SN9 are scores for outcome evaluations relating to each 

behavioural belief 

If the total subjective norm score is positive, the respondent experiences social pressure to 

perform the behaviour while a negative score means the respondent experiences social 

pressure to not perform the behaviour. The range of scores is -30 to +30, therefore, the total 

subjective scores across the respondents were categorised as negative (score < 0), neutral 

(score = 0) and positive (score > 0). Positive subjective norms scores were further divided into 

subcategories of weak (score ranging from 1 to 10), moderate (score ranging from 11 to 20) 

and strong (score ranging from 21 to 30) positive social pressure to be involved in water 

resource monitoring. Table 4-16 presents the total subjective norms scores across 

respondents. 

 
Negative Neutral 

Positive 
Total 

Weak Moderate Strong 

South Africa 21 3 25 11 8 68 

Developing Countries 24 4 36 16 13 93 

Developed Countries 9 2 12 3 1 27 

Overall 33 6 48 19 14 120 

Table 4-16: Total Subjective Norm Scores across Respondents (n=120). 

The total subjective norm scores of all the respondents reflect fairly weak social pressure to 

be involved in water resource monitoring and making water data submissions. The results 

also show that almost a third of respondents experience social pressure not to make water 

data submissions.  

4.4.2.4 Measuring Perceived Behavioural Control 

The perceived behavioural control items reflect people’s confidence in their capabilities to 

perform the target behaviour by assessing their self-efficacy and their beliefs about their 

controllability of the behaviour (Francis et al., 2004). Self-efficacy investigates the 
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respondents’ beliefs about how difficult it is to perform the behaviour and their confidence 

in being able to perform the behaviour. On the other hand, the assessment of controllability 

involves the respondents reporting whether performing the behaviour is up to them and 

whether their behaviour is controlled by factors beyond their control. The scale included 

statements such as “I am confident that I could report cases of water pollution if I wanted to.” 

The overall perceived behavioural control is also measured by calculating the mean of the 

item scores. Table 4-17 shows the questionnaire items that assess the perceived behavioural 

control. 

Statements Mean Std. 

Deviation 

St. 

Error 

Self-efficacy 

PB1: I am confident that I could report cases of water pollution 

and wastage issues if I wanted to: Strongly disagree/ Strongly 

agree 

4.15 0.99 0.091 

PB2: For me to report cases of water pollution and wastage 

issues is: Extremely difficult/ Extremely easy 

3.22 1.05 0.096 

Total Self-Efficacy 3.68 0.84 0.077 

Controllability 

PB3: The decision to report cases of water pollution and 

wastage issues is beyond my control: Strongly disagree/ 

Strongly agree 

2.08 1.21 0.111 

PB4: Whether I report cases of water pollution and wastage 

issues or not is up to me: Strongly disagree/ Strongly agree 

3.82 1.31 0.120 

Total Controllability 2.95 0.82 0.075 

Overall 3.31 0.58 0.053 

Table 4-17: Descriptive Statistics of Perceived Behavioural Control across all Respondents 

(n=120). 

Although the respondents feel confident that they would participate in water resource 

monitoring by reporting cases of water pollution and wastage if they wanted to, with a 

positive mean rating of 4.15, they find the task neither easy nor difficult with a neutral mean 

rating of 3.22. However, only 20% of the respondents lack the confidence in their abilities to 

participate in the monitoring. Almost a third (32.5%) of the respondents feel that they do not 

have control over making water data submissions. Even though the respondents feel that 

whether to make water data submissions is up to them (µ = 3.82, SD = 1.21), the respondents 

feel that the ultimate decision to report the issues is beyond their control (µ = 2.08, SD = 1.21). 

Section 4.4.3 continues the analysis of perceived behavioural control to explore the initial 

factors that can motivate or demotivate them to participate in water resource monitoring, 

thus exploring the self-efficacy and controllability of the respondents. 
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4.4.2.5 Measuring the Generalised Intention 

Although it can be said that the relationship between intention and behaviour is not perfect, 

one of the most important contributions of the TPB is that the model allows researchers to 

use intention as a proximal measure of behaviour. Francis et al. (2004) propose calculating 

the mean of three statements (Table 4-18) to measure the generalised intention to perform 

a certain behaviour. The three statements can be assessed for correlation using the Pearson 

correlation test. According to Sarstedt et al. (2014), the findings of the test show strong 

positive relationships between the three statements because the correlations ranged from 

0.744 to 0.778. In this regard, the overall mean of these three statements can be used to 

accurately represent the generalised intention of the respondents to continuously make 

water data submissions.  

Statements Mean Std. 

Deviation 

St. 

Error 

I expect to report cases of water pollution and wastage: 

Strongly disagree/ Strongly agree 

3.83 1.12 0.103 

I want to report cases of water pollution and wastage: Strongly 

disagree/ Strongly agree 

4.08 1.04 0.096 

I intend to report cases of water pollution and wastage: 

Strongly disagree/ Strongly agree 

4.01 1.10 0.101 

Overall 3.97 1.00 0.091 

Table 4-18: Mean Ratings of Generalised Intentions across all Respondents (n=120). 

The overall mean of generalised intention across all respondents was positive (µ = 3.97, SD = 

1.00). Most of the respondents (74%) show a positive response to participating in water 

resource monitoring by reporting cases of water pollution. However, the data showed that 

while the overall mean across respondents from developing countries was positive (µ = 4.14, 

SD = 0.91), the overall mean across respondents from developed countries was neutral (µ = 

3.40, SD = 1.08). Table 4-18 shows that the overall mean across respondents from South Africa 

was also positive (µ = 4.04, SD = 0.95). 

Statements Mean Std. 

Deviation 

St. 

Error 

I expect to report cases of water pollution and wastage 3.94 1.07 0.131 

I want to report cases of water pollution and wastage 4.12 1.01 0.123 

I intend to report cases of water pollution and wastage 4.07 1.10 0.135 

Overall 4.04 0.95 0.116 

Table 4-19: Mean Ratings of Generalised Intentions across South African respondents (n=68). 

The positive rating towards water data sharing in South Africa and other developing countries 

reinforces the research problem (Section 1.2) of the lack of shared and relevant information 
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between communities and service providers in developing countries (Jiménez & Pérez-

Foguet, 2010; Glotzbach et al., 2013). In addition, there is a lack of improvement in service 

delivery (Champanis et al., 2013), and a third of water sources in rural areas are non-

functional and require servicing (Glotzbach et al., 2013). Thus, there is a need for 

improvement in the sharing of relevant information between communities and service 

providers in developing countries.   

4.4.2.6 Prediction of Intention using Predictor Variables 

A Pearson Correlation test and hypothesis tests were used to answer the subsidiary research 

question:  

RQ1.1: How do past behaviour, behavioural attitude, subjective norms and perceived 

behavioural control influence the intention to participate in crowdsensing for water 

resource monitoring? 

A Pearson correlation test was performed to express the degree of correlation among 

intention and the predictor variables: past behaviour, attitude, subjective norms and 

perceived behavioural control (Table 4-20). The Pearson correlation between intention and 

each of the other variables (0.16 to 0.63) show positive relationships, and that as each variable 

increases, the individual’s intention to participate also increases, irrespective of the country 

of residence. However, it is worth noting that attitude, subjective norms and perceived 

behavioural control (0.34 to 0.63) show stronger positive relationships as compared to past 

behaviour (0.16 to 0.30). 

Regression analysis was used to measure the extent to which the intention to make 

continuous water data submissions is significantly associated with the three explanatory 

variables: past behaviour, behavioural attitude, subjective norms and perceived behavioural 

control. Only 54% of the variation in intentions (r2=0.54) is explained by the independent 

variables past behaviour, behavioural attitude, subjective norms and perceived behavioural 

control. However, the interpretation of r2 is subjective depending on the field, and low r2 

values (such as 0.25) are not unusual in social sciences due to person-to-person variability 

(Larose, 2006).  Thus, due to the r2 value of 0.54, it can be concluded that each of the four 

variables influences the intention to perform the behaviour.  

While the r2 value of all the samples is 0.54, past behaviour, behavioural attitude, subjective 

norms and perceived behavioural control account for 60% of the variance in intentions in the 

developed countries (r2=0.60), 49% and 48% of variance in intentions in the developing 

countries (r2=0.49) and South African (r2=0.48) samples respectively. The r2 values, which 

represent subsets of the overall sample, still confirm that each of the four variables influences 

the intention to perform the behaviour, irrespective of the respondents’ country of residence.  
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 Descriptive Statistics Pearson correlations 

 Mean Std. Dev Std. Error BI BA SN PBC 

South Africa (n=68) 

BI 4.04 0.95 0.12     

BA 3.76 0.69 0.08 0.49**    

SN 3.35 1.00 0.12 0.56*** 0.28   

PBC 3.32 0.58 0.07 0.43* 0.32 0.24  

PB - - - 0.30 0.30 0.38 0.02 

Developing Countries (n=93) 

BI 4.14 0.91 0.09     

BA 3.87 0.74 0.08 0.53***    

SN 3.34 0.91 0.10 0.50*** 0.30   

PBC 3.36 0.56 0.06 0.44*** 0.33 0.18  

PB - - - 0.28 0.22 0.32 -0.03 

Developed Countries (n=27) 

BI 3.40 1.08 0.211     

BA 3.62 0.78 0.153 0.62    

SN 2.77 1.00 0.196 0.63** 0.50   

PBC 3.17 0.62 0.122 0.34* 0.28 -0.06  

PB - - - 0.16 0.32 0.08 0.38 

Overall (n=120) 

BI 3.97 1.00 0.09     

BA 3.81 0.76 0.07 0.56***    

SN 3.21 0.96 0.09 0.57*** 0.37   

PBC 3.31 0.58 0.05 0.43*** 0.33 0.15  

PB - - - 0.30 0.26 0.31 0.07 

Note: * p<0.05; ** p<0.01; ***p<0.001. BI= Behavioural Intention, BA=Behavioural Attitude, 

SN=Subjective Norms, PBC=Perceived Behavioural Control, PB=Past Behaviour. 

Table 4-20: Descriptive Statistics, Pearson Correlations and Alphas. 

Hypotheses tests were also performed to calculate the probability (p-value) that the results 

did not occur by chance. 𝐻1.1 predicted that an individual’s intention to continuously submit 

water data is influenced by their past behaviour. The standard coefficient of 0.17 (p=0.24) was 

not significant in the overall data set. These results were consistent as the standard 

coefficients in the developed countries, developing countries and South African samples were 

not significant. Thus, 𝐻1.1 was not supported. It is expected that engaging different 

stakeholders may produce contradictory or inconsistent perspectives of the same problem. 

In this case, the results presented in Section 4.4.2.1 indicate that citizens are more likely to 

submit water data if they have submitted before while the hypothesis test of past behaviour 

and intention is not supported. Engaged scholarship stresses that diverse perspectives must 
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never be dismissed as outliers, errors or noise but must be explained through methods of 

paradoxical reasoning (Van de Ven, 2007). In this regard, the results of the hypothesis test 

regarding past behaviour are acceptable because citizens may not return to the crowdsensing 

system because of various reasons. For example, the issue the citizen reported may not have 

been resolved or the citizen never experienced any other water issues resulting in the citizen 

not intending to submit water data again. Therefore, it is acceptable that past behaviour 

cannot predict the intention to make data submissions again. 

𝐻1.2 predicted that an individual’s intention to continuously submit water data is influenced 

by their behavioural attitude towards the behaviour. The overall and developing countries 

produced highly significant relationships between attitudes toward water data submissions 

and intentions to continuously submit water data, with standardised coefficients of 0.41 

(p<0.001) and 0.39 (p<0.001) respectively. In the South African sample, the standardised 

coefficient was significant at 0.38 (p<0.01) while the coefficient was not significant in 

developed countries at 0.43 (p=0.07). Overall, 𝐻1.2 was supported but it must be noted that 

an individual’s intention to continuously submit water data is not influenced by their 

behavioural attitude towards the behaviour in developed countries. 

𝐻1.3 predicted that an individual’s intention to continuously submit water data is influenced 

by their subjective norms towards the behaviour. The overall, developing countries and South 

African samples produced highly significant relationships between subjective norms toward 

water data submissions and intentions to continuously submit water data, with standardised 

coefficients of 0.41 (p<0.001), 0.39 (p<0.001) and 0.38 (p<0.001) respectively. In the 

developed countries sample, the standardised coefficient was significant at 0.54 (p<0.01). 

Thus, 𝐻1.3 was supported. 

𝐻1.4 predicted that an individual’s intention to continuously submit water data is influenced 

by their perceived behavioural control over the behaviour. The overall and developing 

countries samples produced highly significant relationships between perceived behavioural 

control over water data submissions and intentions to continuously submit water data, with 

standardised coefficients of 0.46 (p<0.001). In the developed countries and South African 

samples, the standardised coefficients were significant at 0.56 (p<0.05) and 0.42 (p<0.05). 

Thus, 𝐻1.4was supported. 

The standard coefficients for each of the variables are presented in Figure 4-13. The results 

of the hypotheses tests (Table 4-21) show that the first hypothesis is not supported and 

therefore that an individual’s intention to continuously submit water data is not influenced by 

their past behaviour. On the other hand, the other three hypotheses are supported and that 

an individual’s intention to continuously submit water data is influenced by their behavioural 
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attitude and subjective norms towards the behaviour, and their perceived behavioural control 

over the behaviour. 

 

Figure 4-13: TPB and Water Data Submissions Intentions - Coefficients by Country Groups. 

HYPOTHESES RESULT 

𝐻1.1 Intention ↔ Past Behaviour Not supported 

𝐻1.2 Intention ↔ Behavioural Attitudes 

Supported 𝐻1.3 Intention ↔ Subjective Norms 

𝐻1.4 Intention ↔ Perceived Behavioural Control 

Table 4-21: Results of Hypothesis Tests. 

4.4.3 Investigating the Motivational and De-motivational Factors 

The previous section covered an analysis of the respondents’ intentions to participate in 

water resource monitoring using crowdsensing. However, having an intention to participate 

in a behaviour does not guarantee the engagement in the behaviour (Martin et al., 2017). 
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Researchers seeking behaviour change need to explore what cognitive, emotional and social 

forces activate the behaviour (Joachim et al., 2015).  Those forces, whether internal or 

external, must be able to induce an individual’s motivation and stimulate their desire and 

energy to be continually interested and committed to performing a given behaviour. Thus, 

the second objective of the study was to investigate the key motivational factors for 

participation in water resource monitoring, as well as factors that would make it difficult or 

impossible for the respondents to participate. This section addresses the subsidiary research 

question: 

RQ1.2: What are the factors that affect the citizens’ motivation to participate in 

crowdsensing for water resource monitoring? 

4.4.3.1 Motivational Factors for Participating in Water Resource Monitoring 

The last section of the questionnaire presented a close-ended question which required the 

respondents to select a minimum of three motivational factors from a list of motivational 

factors. The list of motivational factors comprised of all the initial motivational factors from 

the extended framework of motivational factors (Figure 4-7). The factors were randomised to 

allow the respondents to go through all 25 factors and select a minimum of three that most 

apply to them. Out of the 25 factors, the respondents selected 19 factors. The 19 factors were 

categorised according to the incentive category they pertain to (Table 4-22). The respondents 

selected a total of 376 factors, which is appropriate as the minimum number of selections 

was 360 (120 participants * 3 motivational factors).  

Rank Incentive Category n % Highest Number of 
Respondents on a Factor 

% 

1 Collective 274 73 84 70 

2 Social 45 12 45 38 

3 Self-efficacy 23 6 18 15 

4 Self-benefit 21 6 11 9 

5 Intrinsic 13 3 7 6 

TOTAL 376 100   

Table 4-22: Motivational Factors per Incentive Category. 

The results of the analysis show that collective incentives are the most powerful motivators 

to participate in water resource monitoring, with 84 respondents selecting one of the 

motivational factors under the category (Table 4-23). The most popular motivational factor in 

this category is to participate in water resource monitoring to keep the environment 

beautiful, with 70% of the entire population selecting this factor. All motivational factors in 

this incentive category were selected by at least eight respondents. 
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Motivational factor n % 

Beautiful environment 84 31 

I feel responsible to do so 76 28 

To contribute to conservation 70 26 

To help others 20 7 

To teach others 16 6 

To help a specific site 8 3 

Total 274 100 

Table 4-23: Motivational Factors under the Collective Incentives Category. 

The second popular incentive category is the social incentive category, with 45 respondents 

selecting a motivational factor from that category (Table 4-24). The only motivational factor 

in this category that was selected was to participate in water resource monitoring to be a part 

of the community (n=45). The other three motivational factors under the social incentive 

category that were not selected are: 

 Do something with friends. 

 Gain new social contacts. 

 Combine existing skills. 

Motivational factor n % 

Being part of community 45 100 

Total 45 100 

Table 4-24: Motivational Factors under the Social Incentives Category. 

All motivational factors under the self-efficacy category were selected by at least five 

respondents (Table 4-25). However, the most popular motivational category under this 

category was participating in water resource monitoring for scientific research (n=18). The 

self-benefit category was not very popular with a maximum of only 11 respondents selecting 

a motivational factor under this category (Table 4-26). The top motivational factor in this 

category was to participate in water resource monitoring to get direct feedback (n=11). 

However, two motivational factors under the self-benefit category were not selected: 

 Discover things. 

 Get some exercise. 

The intrinsic incentive category was the least popular category with a maximum of only seven 

respondents selecting a motivational factor under that category (Table 4-27). The most 

popular motivational factor in this category was the ability to act independently in water 
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resource monitoring. However, only one motivational factor under the intrinsic incentives’ 

category (“It is fun”) was not selected. 

Motivational factor n % 

For scientific research 18 78 

To contribute to science 5 22 

Total 23 100 

Table 4-25: Motivational Factors under the Self-Efficacy Incentives Category. 

 

Motivational factor n % 

Direct feedback 11 52 

To learn new skills 3 14 

Influenced by someone 2 10 

To increase chance on job 2 10 

To learn new things 2 10 

To increase my capacity 1 5 

Total 21 100 

Table 4-26: Motivational Factors under the Self-Benefit Incentives Category. 

 

Motivational factor n % 

Being able to act independently 7 54 

It matches my hobbies 4 31 

I like this project 1 8 

To kill time 1 8 

Total 13 100 

Table 4-27: Motivational Factors under the Intrinsic Incentives Category. 

Table 4-28 shows a summary of the motivational factors that were not selected by any 

respondent while Table 4-29 presents the top five most important factors as selected by 

respondents. A majority of the respondents (n=84, 70% of the population) would participate 

in water resource monitoring to keep their environment beautiful while about two-thirds of 

the respondents (n=76, 63%) would participate in water resource monitoring because they 

feel responsible to do so. Although only 20 respondents (17%) would participate in water 

resource monitoring to help others, over a third of the respondents (n=45, 37.5%) would 

participate in the monitoring to be a part of their community. The results show that a majority 

of respondents would be incentivised by collective incentives to participate in water resource 

monitoring while only 45 of the respondents would be motivated by a social incentive. 
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Motivational factor Incentive Category 

Do something with friends. Social 

Gain new social contacts. Social 

Combine existing skills. Social 

Discover things. Self-benefit 

Get some exercise. Self-benefit 

It is fun Intrinsic 

Table 4-28: Motivational Factors not selected by any Respondent. 

Rank Motivational factor Incentive Category n % 

1 Beautiful environment Collective 84 22 

2 I feel responsible to do so Collective 76 20 

3 To contribute to conservation Collective 70 19 

4 Being part of community Social 45 12 

5 To help others Collective 20 5 

 Others 81 22 

TOTAL 376 100 

Table 4-29: Top Five Motivational Factors. 

4.4.3.2 De-motivational Factors for Participating in Water Resource 

Monitoring 

The questionnaire also required the respondents to select at most three factors the 

respondents perceive would hinder them to participate in water resource monitoring. The 

questionnaire item was a checkbox list that listed all the de-motivational factors in the 

extended framework for motivational factors (Figure 4-7). Table 4-30 presents the frequency 

of responses for each de-motivational factor. 

De-motivational factor n % of respondents 

F1 Data not being used 68 57% 

F2 Insufficient time 55 46% 

F3 Power gap between volunteer and coordinators 43 36% 

F4 Unappealing recording process 26 22% 

F5 Lack of confidence 12 10% 

F6 Not willing to collect for management purposes 9 8% 

F7 I do not own a smartphone 6 5% 

F8 Volunteer physically unable 3 3% 

 Other 13 10% 

Table 4-30: De-motivational Factors for Crowdsensing for Water Resource Monitoring (n=120). 

Over half of the respondents (57%) reported that they do not believe the data they submit 

will be used, while 46% of the respondents feel they do not have the time to participate in 
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water resource monitoring. Over a third of the respondents (36%) feel a negative power 

relation between themselves and the people in charge of water resource monitoring projects 

(such as the municipality). Almost a quarter of the respondents find the data collection 

process unappealing, and 5% of the respondents do not own a smartphone hence cannot be 

involved in crowdsensing projects that require smartphones. While 10% of the respondents 

lack the confidence to perform the tasks required in the monitoring process, 8% of the 

respondents are not willing to collect data for management purposes. 

The questionnaire went further to allow the respondents to list any other factor that can 

demotivate them in participating in water resource monitoring that is not listed in the 

provided list. Thematic analysis, which is useful in the identification, analysis and reporting of 

themes within data (Braun & Clarke, 2006), was used to identify common themes (or factors) 

in the factors that the respondents provided. Six factors that were not present in the 

framework for motivational factors (Figure 4-7) were identified and added to the framework 

of motivational factors (Figure 4-14): 

 F9: Long waiting time for issue resolution. 

 F10: Lack of flexibility in communication modes. 

 F11: Unaware of the monitoring process. 

 F12: Unclear on the goals and benefits of monitoring. 

 F13: Insufficient feedback from project coordinators. 

 F14: Unsure if the issue has already been reported. 
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Figure 4-14: Framework of Motivational Factors for Crowdsensing Version 2 (Author’s Own 

Construct). 

4.4.4 Guidelines for Citizen Participation in Crowdsensing for Water Resource 

Monitoring 

Based on the findings of the analyses, several guidelines can be deduced for the recruitment 

and coordination of citizens in crowdsensing projects. The guidelines are informed by the 

Framework of Motivational Factors for Crowdsensing (Figure 4-14), which also includes de-

motivational factors F1 to F8, as well as additional factors F9 to F14 (Section 4.4.3.2). These 

can also be considered as factors that can contribute to the participation (initial and long-

term/continuous) of citizens in crowdsensing projects and ultimately the success of such a 

project. The guidelines are: 

 The project coordinators must ensure the clear communication of goals and results 

to assure citizens that their submitted data is being used (F1) and how the data is being 

used (F12).  
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 Project coordinators must prioritise having flexible communication modes for the 

users of crowdsensing systems (F10) thus allowing users to submit data in various 

forms (such as audio, video, text and images) and platforms (such as Web sites, native 

mobile applications and short message service). Aggregating data from multiple 

sources can provide supplemental (and more accurate) information, which can 

generate a holistic view of the PoI. 

 The crowdsensing system must have simple data collection protocols to minimise the 

learning curve for participants (F5), improve the appeal of the monitoring process (F4) 

and reduce the data collection and submission time (F2). 

 Citizens may not always be motivated to be involved in water resource monitoring for 

the good of the environment and as such, project coordinators must explore other 

types of incentives. Appealing to citizens’ impulse to help others is one of the 

incentives that was ranked highly (Table 4-29), while none of the respondents viewed 

the monitoring process as fun (Table 4-28). Such insights provide opportunities to 

recruit and maintain participants that are not motivated by the altruistic values.   

 Project coordinators must prioritise participant retention strategies and feedback 

mechanisms because it is easier to retain a participant than to gain a new one. 

Progress updates on issue resolution and notification alerts of contamination events 

detected close to users’ location (Table 3-4) are examples of feedback mechanisms 

that can retain participants. 

 Citizens are sometimes unaware of the project (F11) or feel that the project 

coordinators give insufficient feedback (F14). Acknowledgement and attribution, trust 

and common goals are some of the long-term factors that can motivate citizens to 

stay continuously involved in a crowdsensing project (Figure 4-7); thus, neglecting the 

citizens can negatively impact the success and sustainability of the crowdsensing 

project. There is a need to increase the involvement of citizens in crowdsensing 

projects to motivate the citizens to keep using the system, not just to report their 

issues, but to help other people in their community. Citizens are also wary of not being 

able to visualise the data that has been submitted to the system (F13). Citizens would 

like to visualise issues that have been reported to the system so that they can add 

more details to the issue or the progress of the issue resolution. Thus, crowdsensing 

systems must employ effective and robust feedback visualisation systems. 

 There was an overall neutral rating for subjective norms which highlights that 

participants do not feel social pressure to participate in water resource monitoring 

(Section 4.4.2.3). The results of the hypothesis tests show that subjective norms have 

a significant influence in shaping behaviours (Section 4.4.2.6), therefore, project 

coordinators must develop programmes or marketing campaigns that incite 

community pro-environmental behavioural change.  
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4.5 Conclusions 

The TPB was used to develop a conceptual model for water data submissions (Figure 4-4) that 

allowed the researcher to investigate citizens’ intentions to participate in water resource 

monitoring for crowdsensing. The results of several hypotheses tests show that behavioural 

attitude, subjective norms and perceived behavioural control have a positive influence on a 

citizens’ intention to participate in water resource monitoring. On the other hand, a citizen’s 

past behaviour did not influence their intention to submit water data continuously even 

though citizens are more likely to report water issues if they have reported water issues 

before. The first contribution of this research reported on in this chapter is therefore the 

updated conceptual model for water data submissions that excludes past behaviour as a 

predictor of intention to submit water data (Figure 4-15). Past behaviour was excluded from 

the updated conceptual model due to the results of the hypothesis tests (Section 4.4.2.6) 

which state that there is no significant correlation between a citizen’s past behaviour and 

their intention to submit water data. 

 

Figure 4-15: Updated Conceptual Model for Continuous Water Data Submissions (Author’s 

Own Construct). 

A second contribution from this chapter is the Framework of Motivational Factors for 

Crowdsensing (Figure 4-14). The results of the survey into citizens’ perceptions into water 

resource monitoring show that citizens are mostly motivated by their sense of community 

and drive to keep the environment beautiful. The results also showed that the citizens would 

be willing to participate in water resource monitoring to help other people. Several guidelines 

are made regarding citizen participation in crowdsensing for water resource monitoring such 

as employing effective feedback mechanisms and incentive mechanisms based on different 

types of incentives. This chapter has therefore answered the following research question 

from a real-world perspective:  

RQ1: What are the problems faced by citizens and water service providers regarding 

crowdsensing and water resource monitoring as identified by literature and within a 

real-world context? 
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The Conceptual Model for Submissions of Water Data using TPB (Figure 4-4) and the 

Framework of Motivational Factors for Crowdsensing (Figure 4-14) inform the sociotechnical 

design of the Crowdsensing Method as they allow the researcher to investigate the social 

design considerations (Section 1.5.1). As illustrated in Figure 1-2, social design considerations 

such as perceptions, incentives and barriers are critical to developing the sociotechnical 

design for the Crowdsensing Method.  

The Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4) serve as an addition to the sociotechnical design by providing some guidelines 

on how crowdsensing project coordinators can implement social design aspects in their 

crowdsensing systems. The guidelines are a significant contribution to the Crowdsensing 

Method as they can guide project coordinators on how to use the results of investigating 

potential participants’ perceptions, incentives and barriers in the design of a crowdsensing 

system. 

Figure 4-16 shows how the following contributions apply to the sociotechnical design of the 

Crowdsensing Method: 

 A Conceptual Model for Submissions of Water Data using TPB (Figure 4-4). 

 The Framework of Motivational Factors for Crowdsensing (Figure 4-14). 

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

 

Figure 4-16: Developing the Sociotechnical Design for Crowdsensing Method (Author’s Own 

Construct). 
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The social design considerations are used to develop a potential participant profile using the 

Conceptual Model for Submissions of Water Data using TPB and the Framework of 

Motivational Factors. The Guidelines for Citizen Participation in Crowdsensing for Water 

Resource Monitoring are used to guide the crowdsensing project coordinator in how to 

address the perceptions of the potential participants in the sociotechnical design. Figure 4-17 

illustrates the updated Crowdsensing Method (Version 2) that includes the three additional 

contributions. 

Therefore, the following two research questions have been partially answered by the 

literature review and the results of the survey:  

RQ3: What sociotechnical design can be used for a crowdsensing system that recruits 

and incentivises participants to collect data continuously for water resource 

monitoring? 

RQ4: What design guidelines can be used for crowdsensing for water resource 

monitoring to create a smart community? 

The next chapter will report on the development of the recruitment and incentive policies for 

the Crowdsensing Method based on the results presented in this chapter. 
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Figure 4-17: A Crowdsensing Method for Water Resource Monitoring in Smart Communities Version 2 (Author’s Own Construct). 
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5  T H E  O V E R S E N S E  P O L I C I E S  

5.1 Introduction 

The previous chapter reported on an investigation into citizens’ perceptions regarding 

crowdsensing for water resource monitoring to further expand the understanding of the 

problem and assist in developing the Crowdsensing Method. This chapter reports on the third 

iteration of the engaged scholarship research activities to develop the sociotechnical design 

of the Crowdsensing Method. This chapter will thus address the following research question 

(Section 1.4): 

RQ3: What sociotechnical design can be used for a crowdsensing system that recruits 

and incentivises participants to collect data continuously for water resource 

monitoring? 

A significant challenge that crowdsensing projects face in the Crowdsensing Process, 

specifically the Recruitment and Coordination activity (A3), is the recruitment and motivation 

of citizens to continuously submit data (Section 5.2). Researchers need to use citizens’ 

perceptions of the phenomena being studied by crowdsensing to develop recruitment and 

incentive policies (Section 5.3). Based on literature, this study proposes the OverSense 

recruitment and incentive policies that form part of the sociotechnical design of the 

Crowdsensing Method (Section 5.4). This study uses the NMBM data set to evaluate the 

recruitment of participants (Section 5.5). Several conclusions are made based on the activities 

conducted (Section 5.6). This chapter presents several deliverables that are theoretical and 

practical contributions to P and A: 

 The OverSense Recruitment and Incentive Policies (Section 5.4). 

 A Crowdsensing Method for Water Resource Monitoring in Smart Communities 

Version 3 (Figure 4-17).  

The full structure of Chapter 5 is illustrated in Figure 5-1. 
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Figure 5-1: Structure and Deliverables of Chapter 5. 

5.2 Problem Formulation 

The social challenges identified in Section 3.4.1.2 all revolve around ensuring the 

crowdsensing project enlists a large number of participants that guarantee area coverage and 

data quality. Respondents of the survey into citizens’ perceptions into crowdsensing for water 

resource monitoring (Section 4.4.3.2) reported that some of the barriers for their involvement 

in water resource monitoring is the belief that the submitted data will not be used (F1), that 

insufficient feedback from the coordinators is received (F13) and that participants are unsure 

of whether the issue has been reported or rectified already (F14). Project coordinators 

reserve a limited budget to recruit and reward participants for their participation in 

crowdsensing projects (Anjomshoa & Kantarci, 2018). It is vital for crowdsensing projects to 

have solid recruitment and incentive policies in place to minimise the costs and ensure that 

the participants recruited for the project will produce the highest possible quality of the 

analytics result. Thus, it is necessary to develop a sociotechnical design that addresses the 

challenges around the recruitment and coordination of participants.   

To solve the problem of recruiting and incentivising participants to continuously participate 

in water resource monitoring, two subsidiary research questions were developed from RQ3: 

What sociotechnical design can be used for a crowdsensing system that recruits and 
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incentivises participants to collect data continuously for water resource monitoring? The two 

questions are: 

RQ3.1: How can crowdsensing participants be recruited to monitor the progress of 

issue resolution? 

RQ3.2: How can participants be rewarded for their participation in crowdsensing 

projects with a service delivery focus? 

The two subsidiary research questions initiated the third iteration of the engaged scholarship 

research activities (Figure 5-2). 

 

Figure 5-2: Problem Formulation for the Development of a Sociotechnical Design (Iteration 3). 

5.3 Recruitment and Incentive Policies 

Recruitment and incentive policies are a significant component of the sociotechnical design 

for the Crowdsensing Method because the policies around the recruitment and rewarding of 

crowdsensing participants must ensure citizens’ continued willingness to participate in the 

data collection process to guarantee coverage and data quality (Jaimes, Vergara-Laurens & 

Raij, 2015). As shown in Figure 4-16, the recruitment and incentive policies, which are a 
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significant component of the sociotechnical design, must be based on the potential 

participant profile to decipher how to recruit and motivate participants to participate in 

crowdsensing.  

5.3.1 Related Work on Recruitment Policies 

Requirements for participant selection vary from project to project. Campaign requirements 

may look at factors such a participant’s social network affiliations, device capabilities and 

location. For example, Reddy et al. (2010) concentrate on the participants’ reputation in the 

crowdsensing project and their availability. Reddy et al. (2010) define reputation by 

considering the participants’ willingness to collect data given the opportunity, and their 

diligence in the data collection (in terms of relevance, quality and timeliness of the collected 

data). On the other hand, availability is learned from the participants’ spatial and temporal 

coverage based on their mobility traces in the campaign coverage area. Hachem, Pathak and 

Issarny (2013) propose a cycle assignment framework that uses participants’ current location 

and spatial coverage to predict their future locations in the next sensing cycle (or task). 

Hachem et al. (2013) use the prediction to select a minimum number of participants they 

expect to cover the target area in the cycle. Fiandrino et al. (2016) leverage participants’ 

sociability and spatial distance between the tasks and the participants as criteria for the 

recruitment of participants. Sociability can be defined as the willingness of the participants to 

participate and contribute to sensing tasks. 

More recently, Dai et al. (2018) selected participants based on the quality requirement of the 

task. Dai et al. (2018) propose Geo-QTI, a quality-aware truthful incentive mechanism for 

geographic crowdsensing. The Geo-QTI system platform publishes a total set of tasks, making 

each participant aware of tasks available for completion in their sensing coverage. Each 

participant can only complete tasks in their sensing coverage, which is determined by the 

participant’s current location. After the total task set is published, each participant submits 

the tasks they are interested in performing to the platform and the amount of effort they are 

willing to put into completing the task. The platform then selects participants based on the 

quality requirement, which is the amount of effort required for the task such as the length of 

the sensing time or the number of sensing measurements. Geo-QTI’s participant selection 

uses a greedy algorithm under the condition that the set of selected participants satisfies the 

quality requirements. iCrowd (Xiong et al., 2016) uses a similar approach to Geo-QTI in 

considering the number of required samples in  a certain subarea (coverage quality). The 

iCrowd framework uses historical mobility traces to select participants in order to maximise 

the overall coverage quality goal. iCrowd uses the depth k as the maximum number of 

measurements desired in each subarea and strives to achieve the highest k-depth coverage 

possible. 
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5.3.2 Related Work on Incentive Policies 

After participants are selected using the recruitment policies, some crowdsensing systems 

use recruitment incentives to motivate the selected participants to participate in the 

crowdsensing (Wang, 2016). The participants can then be further rewarded depending on the 

data contributions they make (contribution incentives). Incentive mechanisms may utilise 

either recruitment and contribution incentives or use either of the two. For example, Lee and 

Hoh (2010) use virtual participation credit and recruitment credit as incentive mechanisms 

for user recruitment and participation. On the other hand, Zhang, Parkes and Chen (2009) 

consider a Markov decision process by providing limited rewards to influence the user’s 

behaviour. The assumption, which they term environment design, makes limited changes to 

the user’s environment to influence their behaviour. Musthag et al. (2011) use uniform, 

variable and hidden incentives to motivate participants. Uniform incentives are fixed amounts 

given to participants for completing a task. Variable incentives vary based on tasks while 

hidden incentives are only revealed when a task is completed. Musthag et al. (2011) reported 

that 62% of the participants were retained in the crowdsensing program and noted that 

participants prefer the variable approach. 

To categorise the varied application of incentives in crowdsensing systems, Angelopoulos et 

al. (2014) offer several policies to reward the effort of participants for making data 

contributions: 

 The proportional incentive policy recommends dividing the total of the residual 

reward budget by the tasks.  

 The participation-aware incentive policy advocates providing high incentives at 

project initiation to attract the minimum number of participants then providing 

rewards conservatively to retain the existing participants.  

 The behavioural-aware policy provides rewards based on the history of the 

participants’ commitment to the project and their calculated trustworthiness.  

 Quality-aware incentive policy rewards participants based on the quality of the data 

they contribute.  

 The location-aware incentive policy rewards participants based on the location of 

their contribution. 

 Mobility-aware incentive policy rewards the effort of the participant’s mobility. 
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5.4 The OverSense Policies 

This study aims to advance existing research works on recruitment and incentive policies for 

crowdsensing by proposing the OverSense Policies. The OverSense Policies consist of two 

policies, namely: 

 A recruitment policy that identifies which participants must be selected to accomplish 

a specific task. This recruitment policy is generic and can be used in any crowdsensing 

project that is interested in selecting their participants based on their mobility traces 

and their loyalty and satisfaction with the system. 

 An incentive policy that rewards participants based on factors such as the urgency 

level of the task, their response time and location of submission. 

The OverSense Policies will be used to design the incentive mechanism which is one of the 

components of the sociotechnical design of the Crowdsensing Method (Figure 5-3). The 

OverSense incentive policy combines several policies (Zhang, Parkes & Chen, 2009; Lee & Hoh, 

2010; Musthag et al., 2011; Angelopoulos et al., 2014; Wang, 2016) to provide a more 

comprehensive incentive policy. The Incentive Mechanism Design describes how the 

crowdsensing system will interact with the participants, as well as the policies and guidelines 

that will be used to recruit and motivate the participants to participate in the crowdsensing. 

 

Figure 5-3: Sociotechnical Design of the Crowdsensing Method Version 2 (Author’s Own 

Construct). 
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5.4.1 The OverSense Recruitment Policy 

Figure 5-4 shows how the OverSense recruitment policy works. During the Task Classification 

phase of the recruitment policy, the crowdsensing system platform classifies tasks according 

to the privacy needs of the participant. The tasks refer to complaints that citizens submit to 

the crowdsensing system. The OverSense recruitment policy satisfies the Design Guidelines 

for Crowdsensing Systems (Table 3-4). For example, the tasks that are classified as public are 

opened up for collaboration, and any participant can explore and add more information to 

the task (D4 to D7). During the Participant Selection phase, a specific number of participants 

are selected from the system’s database of past participants to visit the PoI and report the 

progress of the resolution of the issue. Lastly, the selected participants choose whether to 

accept or refuse to perform the task during the Task Allocation phase. After the participants 

accept and perform the allocated tasks, the system platform sends progress updates to the 

citizen who submitted the issue (D3).   

 

Figure 5-4: The OverSense Recruitment Policy (Author’s Own Construct). 

5.4.1.1 Formulas and Notations 

Many studies (Reddy et al., 2007; Kawajiri, Shimosaka & Kahima, 2014; Fiandrino et al., 2016; 

Yang et al., 2017) use formulas and notations to describe recruitment policies. This study 

follows this trend and Table 5-1 shows the notations that will be used to describe the 

OverSense recruitment policy. 
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NOTATION AND MEANING 

 𝑇𝑎𝑙𝑙  Set of all tasks  𝑛 Identification number of each participant 

 𝑡𝑖 Task 𝑖 𝐹𝑛 Participant 𝑛’s recruitment factor 

𝑁 Maximum number of elements in the set 𝐿𝑛 Loyalty factor of each participant 

𝑔 Location of participant or task 𝐷𝑛
𝑖  Distance factor of each participant based on 

the location of task 𝑖 

 𝑦𝑖  Type of task 𝑖: private or public 𝑆𝑛 Satisfaction factor of each participant 

 𝑇𝑝𝑟𝑖𝑣𝑎𝑡𝑒  Set of private tasks 𝐷𝑚𝑎𝑥  Maximum allowable distance 

 𝑇𝑝𝑢𝑏𝑙𝑖𝑐  Set of tasks publicised for collaboration  𝑑𝑖  Distance between participants and task 

 𝑅𝑎𝑙𝑙  Set of participants who have publicised 
tasks for collaboration: “requesters” 

𝐺𝑛 Set of locations of participant 𝑛  

𝑄𝑖  Quality requirement of task 𝑖  𝑊𝑎𝑙𝑙  Set of selected participants; “winners” 

𝑏𝑙  Popularity factor of location 𝑙  𝑤𝑛 Selected participant 𝑛;  𝑤𝑛 ∈  𝑊𝑎𝑙𝑙  

 𝑃𝑎𝑙𝑙  Set of all participants in the database of 
the crowdsensing system 

 𝐴𝑛  Acceptance factor of each participant 

 𝑝𝑛 Participant 𝑛 𝑃′ Copy of the participants’ set 

Table 5-1: Notations and their Meanings. 

5.4.1.2 Phase 1: Task Classification 

One of the key success factors of crowdsensing is to ensure the privacy of the system users, 

therefore, guideline G18 recommends that participants must control their own privacy 

settings (Table 3-3). The OverSense recruitment policy takes inspiration from Geo-QTI (Dai et 

al., 2018) to use task classification to separate tasks submitted by participants who want to 

keep their tasks private from tasks that do not require privacy. The total task set, with N 

number of tasks, can be denoted as  𝑇𝑎𝑙𝑙  = { 𝑡1, 𝑡2, …, 𝑡𝑁}. Each task, 𝑡𝑖, 𝑖 ∈ {1,2, … 𝑁}, is 

described by its geographical location  𝑔𝑖  and a value  𝑦𝑖, which is a private type and is only 

known to the participant who submitted the task and the platform. The tasks in  𝑇𝑎𝑙𝑙  are split 

into two sets: 

  𝑇𝑝𝑟𝑖𝑣𝑎𝑡𝑒  = { 𝑡1, 𝑡2, …, 𝑡𝑁}, a set of all the tasks that have been deemed private by the 

submitting participant. These tasks can only be completed by the project coordinators. 

  𝑇𝑝𝑢𝑏𝑙𝑖𝑐 = { 𝑡1, 𝑡2, …, 𝑡𝑁}, a set of all the tasks that have been opened to the public by 

the submitting participant. In this case, the participants who have made submissions 

are referred to as “requesters” as they are requesting information from other 

participants. The requesters set is denoted as  𝑅𝑎𝑙𝑙  = { 𝑟1, 𝑟2, …, 𝑟𝑁}. Each requester 

 𝑅𝑖 has one or more tasks, 𝑡𝑖 ∈   𝑇𝑝𝑢𝑏𝑙𝑖𝑐 which they have submitted to the platform to 

be completed. 

The platform then publishes the set 𝑇𝑝𝑢𝑏𝑙𝑖𝑐, ready for the selection of participants to 

complete the task. 
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5.4.1.3 Phase 2: Participant Selection 

The Participant Selection phase involves identifying the quality requirements of the task and 

selecting the appropriate participants to recruit to perform the task. 

Popularity Factors and Quality Requirements 

Fiandrino et al. (2017) assign a popularity factor to each PoI as some locations in a city attract 

more people than others. Crowdsensing project coordinators need to be able to manage their 

issue resolution process to ensure that issues that affect many people should be dealt with as 

quickly as possible. The OverSense recruitment policy determines the quality requirement of 

a task based on the popularity factor of the location. Each task, 𝑡𝑖 ∈   𝑇𝑝𝑢𝑏𝑙𝑖𝑐 has a quality 

requirement, 𝑄𝑖  which is the number of participants that are required for the task to be 

accomplished. Each location in the sensing area is assigned a popularity factor, 𝑏𝑙 , which is a 

real value within the range [0,1] depending on the number of submissions made from the 

location. Coordinators of crowdsensing projects must determine what quality requirements 

must be assigned to the range of popularity factors.  

Once the parameters for the quality requirements and popularity factors are set, the 

crowdsensing system platform must be set to periodically request a set of participants to 

report the progress of the resolution of the issue  𝑡𝑖 ∈   𝑇𝑝𝑢𝑏𝑙𝑖𝑐. The selected participants 

must satisfy the set quality requirement  𝑄𝑖. For example, if the project coordinators have 

decided that locations with a 0.4 popularity factor have a quality requirement  𝑄𝑖 of eight, the 

system only records the task  𝑡𝑖  as successful when eight selected participants accept to 

perform the task and submit the required data. The platform selects participants for the 

performance of tasks from the system’s database of past participants of the crowdsensing 

project. The set of all users in the database of the crowdsensing system is denoted by  𝑃𝑎𝑙𝑙  = 

{ 𝑝1, 𝑝2, …, 𝑝𝑁}.  

The Recruitment Factor 

Inspired by the work done by Fiandrino et al. (2017), the OverSense recruitment policy uses 

a recruitment factor to select participants for crowdsensing tasks. Each participant’s 

recruitment factor 𝐹𝑛 is computed based on the participant’s:  

 Loyalty to the crowdsensing project. 

 Satisfaction from their past experiences with crowdsensing service. 

 Distance between their closest previous location and the location of the sensing task.  

Loyalty and satisfaction with the system are selected as factors due to the results presented 

in Section 4.4.2, which state that participants that have reported before have a much higher 

intention rating than participants that have never reported before. As such, the study 
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assumes that the higher the number of contributions the participant has made to the system, 

the more likely they are to accept tasks.  

For each task, 𝑡𝑖, the recruitment policy selects participants with the highest recruitment 

factors from  𝑃𝑎𝑙𝑙. The crowdsensing platform uses the recruitment policy to compute the 

recruitment factor 𝐹𝑛 of every participant  𝑝𝑛 based on the three parameters, loyalty 𝐿𝑖, 

distance 𝐷𝑛
𝑖  and satisfaction 𝑆𝑛. The three parameters are unit-less and assume real values in 

[0,1]. Each participant  𝑝𝑛 is defined in terms of their loyalty, distance and satisfaction 

(𝐿𝑛, 𝐷𝑛
𝑖 , 𝑆𝑛). Therefore, for every participant 𝑝𝑛, the recruitment factor 𝐹𝑛 is defined as: 

𝐹𝑛 =  𝛼 ∙ 𝐿𝑛 + 𝛽 ∙  𝐷𝑛
𝑖 +  𝛾 ∙ 𝑆𝑛 

where the parameters 𝛼, 𝛽, 𝛾 are balancing coefficients that can take any real value in [0,1]. 

These parameters define the importance of each of the three criteria to compute the 

recruitment factor 𝐹𝑛. The parameters 𝛼, 𝛽, 𝛾 must equal unity, therefore, high values of a 

criteria (such as loyalty) will result in the prioritisation of participants with the highest loyalty 

in selecting participants for the task.  

A. Calculation of Loyalty Factor 

𝐿𝑛 represents the loyalty of the participant and is determined by the number of contributions 

the participant has made to the system. The platform computes the highest number of 

contributions made by a single participant and this number is used to convert the number of 

submissions made by the participant 𝑝𝑛 into a real value between [0,1]. 

B. Calculation of Satisfaction Factor 

Each issue that has been resolved by the project coordinators has a variable that denotes the 

number of days it took to resolve the issue. To compute a participant’s satisfaction factor 𝑆𝑛, 

the platform computes the average resolution time of a participant’s past submitted issues 

and converts it into a real value between [0,1]. 

C. Calculation of Distance Factor 

An additional factor, 𝐷𝑛
𝑖  is used to compute a participant’s recruitment factor, 𝐹𝑛. There are 

two methods to computing a participant’s distance factor using their: 1) current location and 

2) past locations. During participant selection for each task, the platform computes the 

distance between the participant’s current location and the maximum allowable 

distance 𝐷𝑚𝑎𝑥. 𝐷𝑚𝑎𝑥  is a constant value that is determined by the project organisers that 

limits the platform to only consider participants that are not located farther than 𝐷𝑚𝑎𝑥  for 

the specific task. The distance between the location of the participant and the location of the 

sensing task is denoted as 𝑑𝑖 and if 𝑑𝑖 > 𝐷𝑚𝑎𝑥 , the participant is not eligible for the task, 𝑡𝑖. 

In Figure 5-5, participants 1, 2 and 3 are not eligible to be selected for the task as they are 
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outside the maximum allowable distance 𝐷𝑚𝑎𝑥. However, participants 4 to 7 can be 

considered to perform the task because they satisfy the criteria: 𝑑𝑖 > 𝐷𝑚𝑎𝑥 . 

 

Figure 5-5: Distance Factor in Recruitment (Author’s Own Construct). 

The following formula is used to compute the distance factors of the eligible participants: 

𝐷𝑛
𝑖 = 1 − ( 𝑑𝑖/ 𝐷𝑚𝑎𝑥) 

If the number of participants recruited for the task is less than the quality requirement 

(number of required participants), the platform uses participants’ mobility patterns. Every 

participant has a set of locations they have made submissions from, denoted as  𝐺𝑛 = {𝑔1, 𝑔2, 

…, 𝑔𝑁}, with N being the total number of locations. Each location  𝑔𝑗 ∈  𝐺𝑛 is unique. This 

method of using previous locations uses the same formula to get the distance factor: 𝐷𝑛
𝑖 =

1 − ( 𝑑𝑖/ 𝐷𝑚𝑎𝑥). However, instead of using the participant’s current location for 𝑑𝑖, the 

platform selects the location, 𝑔𝑗 ∈  𝐺𝑛, that satisfies the following requirements to become 

 𝑑𝑖: 

 The distance between  𝑔𝑗 and the sensing task is not more than 𝐷𝑚𝑎𝑥. 

  𝑔𝑗 has the highest distance factor of all the locations in the 𝐺𝑛set. 

5.4.1.4 Phase 3: Task Allocation 

After determining the participants to recruit for the task 𝑡𝑖 , the platform must allocate and 

send the tasks through to the set of the selected participants, denoted by  𝑊𝑎𝑙𝑙 = { 𝑤1, 𝑤2, 

…, 𝑤𝑁}. Each selected participant 𝑤𝑛 can decide whether to accept or refuse the task. To 

satisfy 𝑄𝑖 , the platform contacts the participants with high recruitment factors to increase 

the probability of the participants accepting the task.  When a participant refuses a task, the 

participant is removed from  𝑊𝑎𝑙𝑙 and the platform selects the participant with the highest 

recruitment factor who has not been selected for the task yet. Following the work done by 
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Dai et al. (2018), the platform uses a greedy algorithm to select participants and ensure 𝑄𝑖  is 

met as is provided in the Task Allocation Algorithm below.  

Task Allocation Algorithm ( 𝑷𝒂𝒍𝒍,  𝒕𝒊,  𝑸𝒊) 

1  𝑊𝑎𝑙𝑙 ← ∅, 𝑃′ ←   𝑃𝑎𝑙𝑙 

2 for each  𝑝𝑛 ∈   𝑃𝑎𝑙𝑙 do 

3   𝐹𝑛 ← compute(𝐿𝑛, 𝐷𝑛
𝑖 , 𝑆𝑛) 

4 while 𝑃′ ≠ ∅ do 
5  for all  𝑝𝑛 ∈  𝑃′ do 
6    𝑊𝑎𝑙𝑙 ← max( 𝑝𝑛 :  𝐹𝑛) 

7 end 

8 return  𝑊𝑎𝑙𝑙 

Participants with high loyalty and satisfaction factors are more likely to accept the task, thus, 

acceptance of the task is based on the participant’s loyalty and satisfaction factors. The 

acceptance factor 𝐴𝑛 is modelled as a logarithmically increasing function (Fiandrino et al., 

2017): 

 𝐴𝑛 = log(1 + 𝐿𝑛 ) + log (1 + 𝑆𝑛 ) 

5.4.2 OverSense Incentive Policy 

The OverSense incentive policy uses the environment design concept (Zhang, Parkes & Chen, 

2009) to dynamically compute rewards and provide variable rewards to influence 

participants’ behaviour. To adhere to the budget constraints using the environment design 

concept, the OverSense incentive policy uses the logic of the participation-aware incentive 

policy (Angelopoulos et al., 2014). The policy provides high rewards to new participants then 

provides rewards conservatively to retain the participant. The rewards provided to retain 

participants are calculated based on the participant’s history in the project and the quality of 

their submitted data, in line with the behavioural-aware and quality-aware policies 

(Angelopoulos et al., 2015, 2014). Based on the offered reward, each participant decides on 

whether they will participate in the crowdsensing. The reward that a participant receives for 

their completion of a task depends on four main factors: 

 Response time: how long it took the participant to complete the task from the time 

they were selected by the platform. 

 Popularity factor: the lower the popularity factor of the PoI, the higher the reward 

(location-aware incentive policy). The rewards are higher in less popular locations to 

increase their popularity.  

 Distance factor: the lower the distance factor, the greater the reward to provide 

higher rewards to participants who have travelled long distances (location-aware 

incentive policy). 

 Urgency level of task: determined by project coordinators. 
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Section 6.2.2.1 describes how the OverSense recruitment and incentive policies aid in the 

development of the sociotechnical design for the Crowdsensing Method. 

5.5 Evaluation of the OverSense Recruitment Policy  

Many researchers use simulation experiments to assess the performance of crowdsensing 

systems because it is difficult to perform experiments in the real world as crowdsensing 

involves a high number of participants (Fiandrino et al., 2017). Simulation experiments, 

therefore, provide researchers with the ability to evaluate their recruitment and/or incentive 

policies. This study used simulation experiments as an empirical method to evaluate the 

performance of the OverSense recruitment policy. Due to time limitations, the researcher 

could only evaluate the recruitment policy and not the incentive policy, since an incentive 

policy needs to be evaluated over several years to see how citizens interact with the rewards 

system and how adjusting the rewards affects their motivation. Therefore, the research 

design for Iteration 3 used the simulation experiments to evaluate the OverSense recruitment 

policy with the NMBM data (Figure 5-6). 

 

Figure 5-6: Research Design for Iteration 3 of Engaged Scholarship Research Activities. 
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The researcher built a custom simulator that allowed the researcher to perform experiments 

in an environment that mimics the real world. The simulation experiments evaluated the 

recruitment policy using the NMBM data set, since the NMBM was used as a case study that 

is experiencing problems that are representative of the real-world problematic situation 

(Section 2.4.2.4). 

5.5.1 Data Pre-processing 

The NMBM was able to provide the researcher with 434,173 records of complaints data dated 

from 1 January 2014 to 22 May 2018. However, only 390,066 records of this data were water 

complaints. This study differentiates between a water complaint and water issue because a 

complaint is the record of a citizen complaining about a water issue. A summary of the 

content of each water complaint record is provided in Table 5-2.  

DATA FIELD DESCRIPTION TYPE 

Callerlog_No Required identifiers Integer 

Complaint_Date Complaint data content and identifiers Integer 

Complaint_Time 

Allotment Location data  String 

Street 

House_No Integer 

Complainant Complaint data content String 

Tel_No 

Call Operator Comment Complaint data content 

Complaint_Type Complaint category 

Directorate 

Investigation_No Required identifier Integer 

Inspector_Comment The progress of issue resolution List of strings 

Jobcard_No Identifier; can be null if the job completed is at 

investigation and the job card is never created. 

Integer 

Jobcard_Comment Comment on job performance String 

Complaint_Status Job completed at investigation, with job card or 

still outstanding. 

String 

Table 5-2: Structure of the NMBM Water DataSet. 

Each record has the Caller_Log number, as well as the date and time the complaint was 

submitted by the caller (i.e. the citizen) as the primary key. Each record is supposed to have 

location data describing the location of the water issue. Location data is described by the 

area/town (Allotment), street and house number (if applicable). Each record is also supposed 

to have the details of the citizen making the complaint (Complainant), specifically their name 

and telephone number. The Complainant field does not always have to be an individual; the 
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complainant can also be an organisation such as a group home or company. The call operator 

comment field records the call operator’s description of the water issue and the call operator 

files the type of complaint under Complaint_Type and Directorate.  

One shortfall of the hotline recording process is that the water complaints and details of 

resolution are manually recorded by municipality employees. Resolutions made to issues 

submitted through the mobile application are also manually recorded by the inspectors and 

other NMBM employees. The manual recording process leaves the data with many missing 

values, inconsistencies and noise, therefore, it was impossible to run complex analyses 

without first performing deep data pre-processing and cleaning. In addition, data sourced 

from the mobile application could not be distinguished from data sourced from the telephone 

hotline. The researcher could not assume that if certain fields such as Call Operator Comment 

were blank, then the records were from the mobile application because of the large number 

of records with missing values. 

A significant amount of effort was put into cleaning the data to get it ready for analysis.  Data 

gaps in certain data fields were unacceptable as those fields were required for analysis 

purposes. The mandatory fields were the required identifiers, location data, complainant 

name, complaint category, and investigation and job card comments. Some records did not 

have any location data thus the issues were left unresolved. In some cases, the issues did not 

have any job or inspection records signifying the resolution of the issue. Complaint records 

with data gaps in the mandatory fields were discarded from the data set using the Pandas 

Python library and Excel analysis tools.   

The most difficult task in the data pre-processing was identifying the dates when issues were 

resolved. The investigation and job card comments provided details on the progress of issue 

resolutions and each comment added was supposed to be dated. Comments for each 

complaint were concatenated together as one string without a strict order in terms of the 

date the comment was added. In addition, not all comments had resolution dates. As such, 

some records did not have details on if, or when, the issue was rectified. It was pertinent for 

the purposes of this study to have a resolution date for each record in the data for analysis 

and as such, there was a need to search through every comment string to identify if the issue 

was resolved and when it was resolved. All the records that did not have resolution dates 

were removed from the data set. However, the remaining dataset (390,066 records) was 

enough for analysis purposes. 

5.5.2 Analysis of NMBM Data Set 

 A comparative analysis of the number of complaints per year (Figure 5-7) revealed an 

increase in complaints from 2014 to 2016. There was an 87% increase in the number of 
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complaints from 2014 to 2015 while there was a 7% increase from 2015 to 2016. However, 

the number of complaints per year declined by 32% from 2016 to 2017. It was difficult to 

project the increase or decrease of complaints in 2018 since only the first month’s data was 

received for 2018 (Table 5-3). 

 

 

Figure 5-7: Complaints per Year. 

MONTH 2014 2015 2016 2017 2018 TOTAL 

Jan  5 631   4 822   8 899   8 833   6 509   34 694  

Feb  4 802   4 553   10 348   6 286   6 060   32 049  

Mar  4 826   5 405   10 730   6 962   5 955   33 878  

Apr  4 333   4 923   10 798   5 238   6 189   31 481  

May  4 661   5 258   5 522   7 157   4 757   27 355  

Jun  4 713   4 658   7 955   6 066  -  23 392  

Jul  5 727   18 852   7 730   7 057  -  39 366  

Aug  5 083   33 308   19 772   7 422  -  65 585  

Sep  4 925   8 764   8 430   6 741  -  28 860  

Oct  5 275   7 610   8 962   5 902  -  27 749  

Nov  4 262   6 406   9 396   5 393  -  25 457  

Dec  3 796   3 986   7 202   5 216  -  20 200  

TOTAL  58 034   108 545   115 744   78 273   29 470   390 066  

% increase 
per year 

- 87% 7% -32% -  

Table 5-3: Count of Complaints per Month and Year. 

Table 5-4 shows the number of complaints per year categorised by the status of resolution 

while Figure 5-8 illustrates the number of complaints by directorate. The resolution rate was 

as high as 98% in 2014 with only 2% of the complaints left outstanding by the end of the year.  

However, the resolution rate dipped to 68% in 2015 and then 67% in 2016. The resolution 
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rate improved in 2017 with a 17% increase to 84%. The data shows a large number of 

complaints (n=24,489) rejected by the NMBM employees for various reasons such as 

incomplete location data and issues not under the jurisdiction of the municipality (leaks on 

private property). 

 RESOLVED OUTSTANDING REJECTED NULL TOTAL 

 n % n % n % n % n % 

2014 56 759 98 1 261 2 14 1 - 0 58 034 15 

2015 74 017 68 22 324 21 12 202 11 2 1 108 545 28 

2016 77 699 67 27 256 24 10 789 9 - 0 115 744 30 

2017 65 413 84 11 604 15 1 253 2 3 1 78 273 21 

2018 21 862 74 7 365 25 231 1 12 1 29 470 8 

TOTAL 295 750 76 69 810 18 24 489 6 17 1 390 066  

Table 5-4: Count of Complaints categorised by Resolution. 

 

Figure 5-8: Complaints by Directorate. 

5.5.3 Simulation Experiments 

The simulation experiments were only run on the 2018 data. Although the 2018 data was not 
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were no set parameters (such as location) for the selection of the tasks to emulate the real-

world scenario where the project coordinators cannot predict where the tasks generate from. 

Since the NMBM dataset only provides street names, the coordinates of the locations of the 

tasks and participants were obtained from an open source address validation tool that uses 

the Google geocoding engine to provide coordinates for street names (Figure 5-9).  

 

Figure 5-9: Locations of Random Sampled Tasks (Author’s Own Construct). 

A further sample of complaint records was sampled from the 2018 NMBM data to generate a 

set of 100 participants for the set 𝑃𝑎𝑙𝑙. Only 100 participants were used for  𝑃𝑎𝑙𝑙  as 

recommended by a statistician at the Nelson Mandela University who stated that 100 

participants were enough to simulate the real-world scenario and develop conclusions. 

Engaged scholarship allows for the engagement of research experts in the Research Design 

activity thus, the statistician’s knowledge of research is used in this study. 

The study assumed that the allowable distance for a participant to be considered eligible for 

contribution (𝐷𝑚𝑎𝑥) to each task 𝑡𝑖 was set to five kilometres (5000 meters), as five kilometres 

is still within walking distance for a participant to complete their assigned task. For each task, 

the simulator computed a set of eligible participants 𝑊𝑎𝑙𝑙 that satisfy the criteria: 𝑑𝑖 ≤ 𝐷𝑚𝑎𝑥. 

For the experiments, all tasks in  𝑇𝑝𝑢𝑏𝑙𝑖𝑐 are assumed to have a quality requirement 𝑄𝑖 of 10. 

Therefore, for a task to be classified as accomplished, 10 participants from 𝑊𝑎𝑙𝑙 must accept 

to perform the task.   

5.5.3.2 Evaluation using Experimental Methods 

Three methods were used to evaluate the recruitment policy. The first two methods did not 

include the OverSense policy and were used to compare the effectiveness of participant 

recruitment using the OverSense policy to other types of recruitment policies. For each 



CHAPTER 5  THE OVERSENSE POLICIES 

  Page 118 

method, three experiments were run in the simulator where a set number of participants 

were randomly selected from 𝑊𝑎𝑙𝑙 to perform each task  𝑡𝑖. Out of the 25 sampled tasks, only 

19 can be accomplished with each task having 10 participants from 𝑊𝑎𝑙𝑙 accepting to perform 

the task. An experiment was deemed successful if ten participants out of the participants who 

were selected accepted the task. In the simulated environment, participants are referred to 

as “selected” if they are selected to perform the task and “recruited” when they accept the 

task. 

Method 1: Random Participant Selection  

The first set of experiments used a random method of participant selection that selects 

participants arbitrarily, without considering any factors such as their distance to 𝑡𝑖(𝑑𝑖 ), 

mobility patterns or past experiences with the crowdsensing system. Figure 5-10 shows the 

number of participants that were selected and recruited using random participant selection. 

When 10 participants were selected, no task was able to satisfy the quality requirement 𝑄𝑖 of 

10 participants (a). Thus, no tasks were accomplished for that experiment. When 15 random 

participants were selected, only ten tasks out of the accomplishable 19 tasks were 

accomplished, which is only 40% of the tasks (b). The target of 19 accomplishable tasks were 

only accomplished if 20 participants were selected (c). The results show that as the number 

of selected participants increase, more tasks are accomplished.  

Method 2: Participant Selection based on the Distance Factor Only 

The second set of tasks only used the distance factor to select participants. In this regard, 

participants were selected based on their proximity to the PoI. Figure 5-11 shows the results 

of the experiments using the distance factor to select participants. Firstly, for each task 𝑡𝑖, 10 

participants with the highest distance factors (i.e. closest to the location of 𝑡𝑖) were selected 

to perform the task (a). For each of the tasks, the quality requirement was not met for each 

of the tasks, thus, no tasks were accomplished. When the 15 closest participants to 𝑡𝑖 were 

selected, only 48% (n=12) of the 25 tasks were accomplished (b). When 20 participants were 

selected, only 18 of the 19 accomplishable tasks were accomplished (c), which shows that 

selecting participants randomly (the previous method) accomplishes more tasks (n=19) as 

compared to using the distance factor (n=18). However, both methods use a large amount of 

resources because 20 participants will have to be selected to accomplish at least half of the 

tasks. In a real-world situation where 8000 water issues can be submitted in a month, the 

project coordinators would require many computing resources to support the crowdsensing 

system. In addition, most of the selected participants refuse the tasks which further wastes 

resources. 
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Figure 5-10: Results of Participant Selection using the Random Method (N=100).
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Figure 5-11: Results of Participant Selection using the Distance Factor only (N=100). 
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Method 3: Participant Selection using the OverSense Recruitment Policy 

The third set of experiments was conducted using the OverSense recruitment policy to select 

participants. The motivation to use the OverSense recruitment policy is that the recruitment 

policy uses participants’ recruitment factors to select the best candidates to ensure task 

completion. The policy uses the participant’s loyalty, satisfaction and distance to the task to 

ascertain their recruitment factor (Section 5.4.1.3).  

The OverSense recruitment policy selects participants greedily and the required number of 

participants with the highest recruitment factors first, and then selects one additional 

participant with the highest recruitment factor from the remaining participants to replace 

each selected participant that refuses a task. This method saves resources because it strives 

to make the locally optimal choice at each stage with the intent of finding a global optimum 

by always selecting the participants with the highest recruitment factors at each stage to 

accomplish the quality requirement, as quickly as possible. For the first stage of the OverSense 

recruitment policy, the number of participants that will satisfy the quality requirement with 

the highest recruitment factors are selected and contacted to perform the task. When a 

participant refuses to accept the task, the next participant with the highest recruitment factor 

is selected. This is done until the quality requirement is met.  

In the experiments performed, when 10 participants with the highest recruitment factors 

were selected for each task, 13 tasks were accomplished. In comparison, the previous two 

methods were not able to accomplish any tasks when 10 participants were selected (Figure 

5-12). The results show that that the OverSense recruitment policy performs better than the 

random or distance method because it guarantees that at least 50% of the tasks will be 

completed if the exact number of participants that will satisfy the quality requirement are 

selected.   

 

Figure 5-12: Comparison of Recruited Participants per Task across Methods (N=10). 
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Fiandrino et al. (2017) propose a performance metric to evaluate the effectiveness of a 

recruitment metric called User Recruitment Effectiveness (URE). URE defines the 

effectiveness in terms of the number of selected participants that are actually recruited. The 

formula for URE is: 

𝑈𝑅𝐸 =
𝔼𝑁𝑟

𝔼𝑁𝑠
 

where 𝔼𝑁𝑟and 𝔼𝑁𝑠are the average numbers of recruited and selected participants 

respectively. The URE metric also assumes real values in the range [0, 1] and values close to 

1 indicate efficient recruitment policies. As shown in Figure 5-13, the OverSense policy has 

the highest URE values of the three methods ranging from 0.7 to 0.8. With the OverSense 

policy, more than half of the 25 tasks (n=13) have a URE of 1, indicating that all selected 

participants were recruited. On the other hand, the random and distance factor method have 

URE values ranging from 0.3 to 0.9 with at least 40% of the tasks falling below or equal to 0.6. 

The average URE of all 25 tasks for the random and distance methods are 0.68 and 0.67 

respectively while the average URE for the OverSense policy is 0.93. These results show that 

the OverSense policy is approximately 30% more efficient than the other methods. 

 

Figure 5-13: URE of the Methods. 
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the task must be the exact number of participants required to fulfil the quality requirement. 

Figure 5-14 shows that the number of recruited users using the OverSense recruitment policy 

is never higher than the quality requirement of 10. While the random and distance methods 

both required contacting 20 participants to accomplish the expected 19 tasks, the OverSense 

recruitment policy only had to add one more participant to meet the quality requirements of 

the remaining tasks (Figure 5-15). Thus, the OverSense policy not only saves computing 

resources to accomplish the tasks, but also eliminates the excess human resources that the 

other methods may incur to accomplish the tasks. 

 

Figure 5-14: Comparison of Recruited Participants per Task across Methods (N=100). 

  

Figure 5-15: Participant Selection with the OverSense Recruitment Policy. 
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rewarded to ensure large quantities of data. This study proposes the OverSense recruitment 

policy to recruit participants to monitor the progress of issue resolution. The recruitment 

policy was evaluated using a set of simulation experiments. The data used to simulate the 

real-world environment was obtained from the NMBM, the case study for this research. The 

results of the evaluation of the recruitment policy show that the OverSense recruitment policy 

is more effective than selecting participants randomly or based on their distance to the tasks 

only. 

This study also proposes the OverSense incentive policy that guides how rewards must be 

disseminated to participants who participate in crowdsensing projects with a service delivery 

focus (such as water resource monitoring). Due to scope and time constraints, the researcher 

was unable to evaluate the incentive policy. Incentive policies require a long period of time 

to monitor in order to see the effect of the rewards on the participant’s motivation over a 

long period of time. It would not be possible to evaluate the incentive policy; hence, future 

research is needed to evaluate the OverSense incentive policy. 

This chapter reported on the findings of the third iteration of the four research activities of 

this study. The results of the survey reported on in Chapter 4 led to the development of two 

subsidiary research questions: 

RQ3.1: How can crowdsensing participants be recruited to monitor the progress of 

issue resolution? 

RQ3.2: How can participants be rewarded for their participation in crowdsensing 

projects with a service delivery focus? 

A conceptual model in the form of the OverSense Policies was developed to answer these two 

questions; thus, both subsidiary research questions were addressed. The OverSense Policies 

are used to develop the Incentive Mechanism Design for the sociotechnical design of the 

Crowdsensing Method. By proposing the OverSense policies, this chapter has partially 

addressed the research question: 

RQ3: How can a sociotechnical design of a crowdsensing system be modelled to recruit 

and incentivise participants to collect data continuously? 

The Crowdsensing Method will be presented and evaluated in the next chapter. The 

Crowdsensing Method is evaluated using an ecosystem of success factors for mobile-based 

solutions.
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6  T H E  C R O W D S E N S I N G  M E T H O D  

6.1 Introduction 

The previous chapter presented a significant contribution to the sociotechnical design of the 

Crowdsensing Method, the OverSense policies. This chapter presents the evaluation and 

reflection of the main contribution of this study, the Crowdsensing Method. This chapter will 

report on the Crowdsensing Method’s contribution to the area of concern (A) and problematic 

situation (P) that were initially identified in Chapter 1. These are: 

A: Adoption of crowdsensing for water resource monitoring in smart communities. 

P: There are several problems with the sharing of relevant information between 

communities and water service providers. The main problems relate to the 

deployment of sensing infrastructure, the lack of responsiveness by the service 

providers to the generated information, the lack of access to the information and the 

sustainability of the technology solutions. 

The Crowdsensing Method has a sociotechnical and programme design (Section 6.2). The 

Crowdsensing Method was evaluated using an ecosystem for success in the implementation 

of mobile-based interventions (Section 6.3). Several conclusions can be made from the 

evaluation of the Crowdsensing Method (Section 6.4). 

6.2 Design Considerations for the Crowdsensing Method 

As stated in Section 1.5, the Crowdsensing Method considers two designs of crowdsensing 

projects, the sociotechnical and programme designs. Several contributions were made to the 

Crowdsensing Method in the previous chapters.  Figure 6-1 shows the final version of the 

Crowdsensing Method. 
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Figure 6-1: A Crowdsensing Method for Water Resource Monitoring in Smart Communities Version 3 (Author’s Own Construct).
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6.2.1  The Programme Design 

This study proposes a Crowdsensing Reference Framework (Figure 3-6) as the plan for the 

implementation and coordination of a crowdsensing project, equivalent to the programme 

design for the Crowdsensing Method. The framework comprises of: 

 The Crowdsensing Process with the activities labelled from A1 to A8 (Figure 3-4). 

 Key Success Factors for Crowdsensing Projects labelled from K1 to K11 (Table 3-3). 

 Guidelines for Crowdsensing Projects, labelled from G1 to G30 (Table 3-3). 

6.2.2 The Sociotechnical Design  

The sociotechnical design for the Crowdsensing Method consists of two main components: 

the Incentive Mechanism Design and the System Platforms and Features. As shown in Figure 

5-3, the two main components are informed by the following contributions: 

 The Conceptual Model for Submissions of Water Data using TPB (Figure 4-15).  

 The Framework of Motivational Factors for Crowdsensing (Figure 4-14). 

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

 The OverSense Policies (Section 5.4). 

6.2.2.1 Incentive Mechanism Design for the Crowdsensing Method 

The Incentive Mechanism Design for the Crowdsensing Method outlines the technique for 

providing incentives to motivate the behaviour of crowdsensing participants. The Incentive 

Mechanism Design is based on the Stackelberg game (Fudenberg & Tirole, 1991), a popular 

technique used in crowdsensing incentive mechanism design. There are two players in a 

Stackelberg game, a leader and a follower. The leader makes a move and the follower moves 

sequentially. In this context, there are two stages of the Stackelberg game in the Incentive 

Mechanism Design (Figure 6-2). In the first stage, the crowdsensing system platform acts as 

the leader and provides a total incentive budget derived using the OverSense incentive policy 

to recruit participants to perform a task. The task in this case is making a data submission to 

the crowdsensing system. The second stage begins when a participant makes a data 

contribution to the crowdsensing platform and opens it up for resolution according to the 

OverSense recruitment policy.  
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Figure 6-2: The Incentive Mechanism Design (Author’s Own Construct). 

The Incentive Mechanism Design uses the steered crowdsensing framework (Kawajiri, 

Shimosaka & Kahima, 2014) to steer the participants to a specific location to monitor the 

progress of resolution of an issue (Figure 6-3). The steered crowdsensing framework uses 

gamification to obtain data from remote regions and reward participants who perform the 

assigned tasks at different locations. The rewards change dynamically based on the frequency 

of the location visits and the quality of the data.  

 

Figure 6-3: Flow of Steering Users (Kawajiri, Shimosaka & Kahima, 2014). 

In addition to the OverSense policies, the Incentive Mechanism Design is guided by the 

proposed two sets of guidelines:  

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

For example, the Incentive Mechanism Design follows the fifth guideline G5, which 

recommends using social translucence as a design approach, thus, applying Design Guideline 
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D5 to the incentive mechanism and allowing participants to explore reports and add more 

information.  

6.2.2.2 System Platforms and Features 

The typical crowdsensing model has smartphones as sensory devices for data collection 

(Figure 1-1). Although smartphones continue to grow in market shares, a large number of 

people continue to use basic feature phones due to their affordability (Perrier, DeRenzi & 

Anderson, 2015). It is particularly important for development initiatives to reach owners of 

feature phones as they represent a significant number of the poorest people. Three studies 

(Dabas & Dabas, 2009; Parikh et al., 2014; Ochoa, Talavera & Paciello, 2015) have modelled 

the use of universal mobile applications as sensors. 

Universal mobile applications are mobile applications that make services uniformly available 

on every mobile phone (Perrier, DeRenzi & Anderson, 2015). Two main universal apps are 

Short Message Service (SMS) and Unstructured Supplementary Service Data (USSD). USSD is 

a communication technology that supports the exchange of textual data, similar to SMS. USSD 

differs from SMS as it is a session-based protocol that allows bi-directional transmission of 

information between a mobile phone and an application server (Mosweunyane et al., 2014; 

Ochoa, Talavera & Paciello, 2015; Perrier, DeRenzi & Anderson, 2015). Although SMS is the 

most common universal app for technical solutions initiatives, USSD has several advantages 

over SMS: 

 USSD is almost seven times faster than SMS, offering a minimal delay between sending 

a query and receiving a response (Sanganagouda, 2011; Suddul et al., 2011)   

 USSD allows data to be sent back and forth because it is a session-based protocol 

(Mosweunyane et al., 2014). 

 USSD works even when the users are roaming with no charges while SMS can incur 

charges when roaming (Dabas & Dabas, 2009; Sanganagouda, 2011). 

 USSD supports interactive menus as they can be initiated by the application or the 

user (Dabas & Dabas, 2009). 

 USSD is much cheaper than SMS and a USSD user does not need to remember anything 

apart from the code to connect to the application (e.g. *147#), making it easy to use 

(Sanganagouda, 2011). 

USSD and SMS are commonly used for interactions between mobile carriers and their 

customers, such as recharging prepaid handsets, mobile banking, mobile chats and 

subscribing to information services. The universal applications allow development initiatives 

to involve rural communities because they do not require an Internet connection or the 

installation of any application (Sanganagouda, 2011; Suddul et al., 2011).  
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Figure 6-4 shows the recommended data collection tools for crowdsensing for water resource 

monitoring in smart communities. Yadav et al. (2013) recommend the use of web-based tools, 

mobile applications and social media feeds as data collection tools for crowdsensing.  

 

Figure 6-4: Data Collection Tools for Crowdsensing for Water Resource Monitoring [Adapted 

from Yadav et al. (2013)]. 

Hutchings et al. (2012) report that the use of forms for data collection allows for structured 

responses which prove useful for ensuring data accuracy. Manual text entry is prone to errors 

and data gaps as noted in the analysis of the NMBM data (Section 5.5.1), while structured 

responses reduce the processing load. In addition to forms, crowdsensing systems use mobile 

device sensors to collect accurate data. For example, GPS can pinpoint the exact location of 

the water issue and the camera can be used to capture an image or video of the issue. 

Due to time constraints, this research study did not investigate tools for the distribution of 

information to recipients of the crowdsensing system-generated information. However, 

studies on crowdsensing show that the most commonly used data dissemination tools include 

web dashboards, broadcast messages and direct responses (Hutchings et al., 2012; Yadav et 

al., 2013; Guo et al., 2014).  

6.3 Evaluation of the Crowdsensing Method 

Hutchings et al. (2012) propose an ecosystem for success that considers STP elements in the 

implementation of mobile-based interventions (Figure 6-5). This study uses this ecosystem to 

evaluate and reflect on the proposed Crowdsensing Method (for water resource monitoring 
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in smart communities). The method is intended for use by organisations or individuals who 

intend to implement a crowdsensing project for water resource monitoring.  

 

Figure 6-5: Success Factors in Mobile-based Solution Design (Hutchings et al., 2012). 

6.3.1 Social Design 

The social design of the Crowdsensing Method requires project coordinators to consider the 

perceptions of their target users, the barriers and incentives for participation and the privacy 

of the collected data. In addition, project coordinators’ work must be verifiable to ensure 

action is taken on collected information. 

6.3.1.1 Target Users 

The proposed Crowdsensing Method (Figure 6-1) satisfies the first success factor proposed by 

Hutchings et al. (2012) relating to target users since it provides frameworks, guidelines and 

policies for recruiting and incentivising participants (or users). While the Crowdsensing 

Method is intended for coordinators of crowdsensing projects, there are several other entities 

that may be interested in the information produced from the data submissions (Figure 6-6). 

Governments may use the produced information to manage the infrastructure of water 

resources and oversee the activities of all water sector institutions. Water authorities such as 

the NMBM water department require such information for their operational services. Non-

governmental organisations can use the information to plan their charitable efforts to help 

communities in developing countries. Communities also need to access this information for 

visibility, accountability and awareness purposes.   

SOCIAL DESIGN

Who should we target 
as target users?

What barriers should 
we anticipate?

How do we incentivise 
reporting?

How do we ensure 
action is taken on 

collected information?

TECHNICAL DESIGN

What is the format for 
submitting reports?

How do we ensure 
reports are accurate?

How is the information 
distributed?

How is privacy 
protected?

PROGRAMME DESIGN

What are the financial 
options for sustaining 

mobile phone 
applications?

How can we fulfil the 
hardware and software 

requirements?

How do we know if a 
solution is working in 

the short and long 
term?
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Figure 6-6: Target Users of the Crowdsensing System [Adapted from Yadav et al. (2013)]. 

6.3.1.2 Barriers to the Success of Crowdsensing Projects for Water Resource 

Monitoring 

One of the social design considerations for a crowdsensing project is identifying the barriers 

the project coordinators could face in the duration of the project (Section 1.5.1). Earlier in the 

study, the researcher proposed a Challenge Framework for Crowdsensing (Figure 3-5) that 

can provide the project coordinators with key success factors for crowdsensing projects. In 

addition, the Framework of Motivational Factors for Crowdsensing (Figure 4-14) identifies 

several factors that can demotivate citizens to participate in water resource monitoring. The 

Crowdsensing Method considers both challenges (in the Challenge Framework for 

Crowdsensing) and demotivational factors (in the Framework of Motivational Factors for 

Crowdsensing) for crowdsensing. Since both challenges and demotivational factors can also 

be viewed as barriers, the Crowdsensing Method satisfies the criteria of addressing barriers 

to the success of crowdsensing projects for water resource monitoring. The de-motivational 

factors and challenges are considered as barriers as the challenges and factors could hinder 

the success of the project. The challenges are the barriers to success from an organisational 

standpoint while the de-motivational factors are the barriers to success from a citizen 

perspective (Figure 6-7). These barriers should be used to guide project coordinators in 

developing a crowdsensing system and a management structure that seeks to overcome the 

barriers.   
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Figure 6-7: Barriers to the Success of Crowdsensing Projects for Water Resource Monitoring 

(Author’s Own Construct). 

6.3.1.3 Incentives for Citizen Participation 

The Crowdsensing Method satisfies the criteria of providing incentives by proposing the 

Incentive Mechanism Design as the technique that can provide incentives to participants 

(Figure 6-2). The Incentive Mechanism Design was developed using several inputs. One of the 

inputs was the Framework of Motivational Factors for Crowdsensing (Figure 4-14). Five 

categories of initial motivational factors were proposed in the Framework of Motivational 

Factors for Crowdsensing (Figure 4-14). These are: 
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 Collective. 

 Self-benefit. 

 Self-efficacy. 

 Intrinsic motivation. 

 Social interaction.  

The framework also includes consideration of five long-term (continuous) motivational 

factors. These are: 

 Mentorship. 

 Trust. 

 Acknowledgement and attribution. 

 Policy and activism. 

 Common goals. 

Citizens are willing to participate in water resource monitoring for collective incentives 

(Section 4.4.3.1). The necessity for monetary incentives is eliminated if citizens see the impact 

of their work through benefits such as improvements to service provision (Hutchings et al., 

2012). As long as citizens are able to recognise that the goals of the project align with their 

goals of contributing data for the good of themselves, the community and the environment, 

citizens may remain in the project long term. In addition, it is important to give crowdsensing 

participants recognition and attribution for the work they perform in the crowdsensing 

project as attribution and acknowledgement are significant long-term motivational factors.  

One of the Design Guidelines for Crowdsensing Projects is to allow the participants to take on 

more complex measurements (Table 3-4), so they can move up the citizen science pyramid 

(Figure 2-3). The technical design of a crowdsensing system for water resource monitoring 

must employ a progression technique that arranges tasks in difficulty levels ranging from low 

to high. Progression is a mode of engagement that motivates individuals to learn more about 

the phenomena being captured and can motivate participants to discover and learn new 

things and skills, increase their capacity, as well as contribute to conservation and science 

(Figure 4-7). Progression is a technique that can fuel the mentorship long-term motivational 

factor as sequencing tasks is an effective technique that captures and holds the attention of 

the participant (Kapp, 2012). 

6.3.1.4 Action Taken on Collected Data 

The fourth success factor, which can be used as a criterion to evaluate the Crowdsensing 

Method, is that action must be taken on collected crowdsensing data. Service providers are 

in the best position to publish progress updates for service provision, however they are not 



CHAPTER 6  EVALUATION AND REFLECTION  

  Page 135 

interested in publishing their assessments due to the negative effect the updates may have 

on their organisation (Oliveira et al., 2017). The proposed OverSense Policies, which forms 

part of the Crowdsensing Method, enlists the assistance of past participants of the 

crowdsensing system to monitor the resolution of issues, thus, verifying action was taken on 

the collected data. This study proposes the use of the OverSense recruitment policy to select 

participants to monitor issue resolution and reward the participants based on the OverSense 

incentive policy. The OverSense Policies enlist social translucence by displaying all issues 

submitted by participants on an open platform where any citizen can access the reports and 

add additional information. The public updates of issue resolution allow citizens to visualise 

how their data is being used by the project coordinators. For these reasons, it is believed that 

the Crowdsensing Method satisfies this success factor. 

6.3.2 Technical Design 

The technical design of a crowdsensing system must highlight the format for submitting 

reports, in terms of how citizens will collect and submit data and how the data will be 

distributed. In addition, the technical design must highlight how the system will ensure the 

accuracy of data, distribution of information and privacy of citizens’ data contributions. 

6.3.2.1 Format for Submitting Reports 

The Crowdsensing Method proposes the use of various types of applications for citizens to 

make data contributions including smartphone and universal applications, Web-based forms 

and social media feeds (Section 6.2.2.2). 

6.3.2.2 Accuracy of Reports 

Government officials may have reservations about the additional burden of cleaning data and 

providing responses to individual reports (Freifeld et al., 2010). The Crowdsensing Method 

satisfies the factor related to accuracy of reports, since the OverSense Policies propose 

making use of crowds to evaluate data quality and provide feedback to citizens seeking issue 

resolution. In addition, the use of forms as a format for submitting data (Section 6.2.2.2) 

provides structured responses that reduce the data processing load.  

6.3.2.3 Distribution of Information 

There are several guidelines from the set of Guidelines for Crowdsensing Projects (Table 3-3) 

that address information distribution. For example, Guideline G12 recommends that the 

project coordinators visualise the variability of interest in regions using a density map. 

Guideline G31 urges the project coordinators to ensure that the data that is provided to the 

citizens is accurate, adequate, available and affordable. However, as stated earlier, this 

research study did not investigate tools for the distribution of the generated information. 
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6.3.2.4 Privacy of Data 

The Crowdsensing Method includes several guidelines, G16 to G20 of the Guidelines for 

Crowdsensing Projects (Table 3-3), that relate to ensuring the privacy of the data that citizens 

contribute. However, the scope of this study did not cover the technical design of privacy-

preserving mechanisms for crowdsensing data. 

6.3.3 Programme Design 

The programme design must consider the financial options for sustaining a crowdsensing 

project, the hardware and software requirements for crowdsensing systems and the 

sustainability of the technology solution. 

6.3.3.1 Financial Options for Sustaining Applications 

The Crowdsensing Method satisfies the criteria for providing financial options for 

sustainability, since the Guidelines for Crowdsensing Projects proposes that crowdsensing 

project coordinators must develop a solid economic model (G1) and recommends the use of 

non-monetary rewards to ease the financial burden (G2). However, due to scope constraints 

alternative financial options were not explored in this study and could be researched in future 

work. 

6.3.3.2 Hardware and Software Requirements 

This study does not investigate the hardware and software requirements of crowdsensing 

systems as the requirements differ depending on the goals of the crowdsensing project. 

However, this study proposes several Design Guidelines for Crowdsensing Systems (Table 3-4) 

based on an extant system analysis. The Guidelines for Crowdsensing Projects (Table 3-3) can 

also be applied in determining hardware and software requirements for a crowdsensing 

system because the guidelines specify the requirements for significant aspects of 

crowdsensing systems such as data quality, analysis, privacy and validation. In addition, 

system platforms and features (Section 6.2.2.2) were identified as potential hardware and 

software options. 

6.3.3.3 Sustainability of Solution 

The Crowdsensing Method satisfies the criteria of sustainability since the Guidelines for 

Crowdsensing Projects (Table 3-3) G8 to G11 suggest how project coordinators can evaluate 

the sustainability of the solution. Project coordinators can use the results of analyses into the 

frequency of contributions, the variability of interest in different regions and density maps to 

ascertain if the crowdsensing system is able to maintain the set minimum number of 
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participants. In addition, the Framework of Motivational Factors (Figure 4-14) considers long-

term motivational factors to sustain citizen participation in crowdsensing. 

6.4 Conclusions 

The Crowdsensing Method was evaluated and reflected upon using the ecosystem for the 

success of mobile-based interventions as proposed by Hutchings et al. (2012). The evaluation 

was designed to clarify the components of the Crowdsensing Method and identify which 

success factors of the STP ecosystem were addressed by the Crowdsensing Method. The 

evaluation showed that the Crowdsensing Method was able to adhere to approximately 90% 

of the key success factors of the ecosystem. The remaining 10% are the areas that could 

warrant future research, which are in areas of data privacy, information distribution, financial 

options and hardware and software requirements. 

The next chapter presents the conclusions drawn from the activities conducted in this study, 

outlines the limitations of the study and provides recommendations for future research. 
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7  C O N C L U S I O N S  A N D  D I S C U S S I O N  

7.1 Introduction 

The main aim of this study was to design an effective crowdsensing method for water 

resource monitoring in smart communities. The main research question (RQ-M) for this study 

was: “How can crowdsensing be used for effective water resource monitoring in smart 

communities?” This chapter will report on the contributions to the area of concern (A) and 

problematic situation (P) which were initially identified. These are: 

A: Adoption of crowdsensing for water resource monitoring in smart communities. 

P: There are several problems with the sharing of relevant information between 

communities and water service providers. The main problems relate to the 

deployment of sensing infrastructure, the lack of responsiveness by the service 

providers to the generated information, the lack of access to the information and the 

sustainability of the technology solutions. 

This chapter begins with an assessment of how the problem statement was addressed 

(Section 7.2).The research questions were reviewed to determine if all the research questions 

were addressed and whether the study was successful (Section 7.3). There were several 

research contributions made to theory and practice throughout the duration of the study 

(Section 7.4). There were several limitations to this study and the researcher presents several 

recommendations for future research (Section 7.5). Lastly, the entire study is summarised 

(Section 7.6).  

7.2  Problem Statement Reviewed 

Four main problems were identified in P with the sharing of relevant information between 

communities and water service providers (Section 1.2). Table 7-1 outlines how each of the 

problems was addressed in the study. 
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PROBLEM HOW PROBLEM WAS ADDRESSED IN STUDY SOURCE 

Deployment of sensing 
infrastructure 

Crowdsensing was proposed as the mobile-based 
intervention that can address the problems with 
deploying sensing infrastructure in smart 
communities. Crowdsensing provides 
affordability, scalability and a minimal learning 
curve because citizens and their mobile devices, 
and are used as sensors instead of deploying 
hardware sensors around the community. 

Sections 3.2 and 3.3 

Lack of responsiveness 
by the service providers 
to the generated 
information 

This study proposes the OverSense Policies which 
use social translucence for visibility, awareness 
and accountability purposes. In addition, the 
OverSense Recruitment Policy allows citizens to 
check up on the progress of issue resolution. 

Section 5.4. 

Lack of access to the 
information 

Sustainability of the 
technology solutions 

A framework of motivational factors is proposed, 
and the framework comprises several long-term 
motivational factors. The sociotechnical design 
incorporates this framework to improve the 
sustainability of crowdsensing solutions. 

Figure 4-14 and 
Section 6.2.2. 

Table 7-1: Addressing the Problem Statement. 

7.3 Research Questions Reviewed 

The first research question was: 

RQ1: What are the problems faced by citizens and water service providers regarding 

crowdsensing and water resource monitoring as identified by literature and within a 

real-world context? 

The identification of problems faced by citizens and water resource providers regarding 

crowdsensing and water resource monitoring aided in grounding this research study in both 

the real-world problem and area of concern. Challenges for crowdsensing projects for water 

resource monitoring include the recruitment of participants, data quality, user motivation and 

budget constraints. While citizens’ de-motivational factors include physical inability, lack of 

belief in the usage of the data, lack of awareness of the crowdsensing project and insufficient 

time. Based on the results of the survey into citizens’ perceptions, there was no significant 

difference between citizens in South Africa, developing and developed countries in regard to 

contributing water data. However, it can be noted that developing countries (including South 

Africa) have a higher intention to contribute water data. 

The second research question was: 

RQ2: What are the common activities and key success factors for crowdsensing 

projects? 
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This research question was addressed by proposing a Crowdsensing Reference Framework 

(Figure 3-6). Through a review of literature, eight activities were identified as common 

activities in crowdsensing projects while the researcher identified 11 key success factors of 

crowdsensing projects. The identified activities presented as the crowdsensing process in 

Figure 3-4. The key success factors are presented alongside Guidelines for Crowdsensing 

Projects in Table 3-3. 

The third research question was: 

RQ3: What sociotechnical design can be used for a crowdsensing system that recruits 

and incentivises participants to collect data continuously for water resource 

monitoring? 

Developing a sociotechnical design of a crowdsensing system requires an investigation of 

citizens’ perceptions and the incentives and barriers to their participation in the crowdsensing 

system, as well as the consideration of the technical design components such as the systems 

platforms and features. Through a literature review and survey, the study proposed a 

sociotechnical design that includes an Incentive Mechanism Design, and System Platforms 

and Features as the main sociotechnical design components (Section 6.2.2).  

The fourth research question was: 

RQ4: What design guidelines can be used for crowdsensing for water resource 

monitoring to create a smart community? 

There were several sets of guidelines proposed during this study. The guidelines were 

developed through a review of literature, the survey of citizens’ perceptions and an extant 

system analysis. These guidelines provide a valuable contribution to IS design theory and 

consist of the following three sets of guidelines: 

 Guidelines G1-G30 for crowdsensing projects (Table 3-3). 

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

The main research question of this study was: 

How can crowdsensing be used for effective water resource monitoring in smart 

communities? 

The main research question was answered by answering all the subsidiary research questions. 

The three iterations of the engaged scholarship research activities enabled the development 
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of the Crowdsensing Method. The effectiveness of the Crowdsensing Method is evaluated in 

Chapter 6 using an ecosystem for the success of mobile-based interventions as proposed by 

Hutchings et al. (2012). Individual components of the Crowdsensing Method were also 

evaluated using simulation experiments and a survey. In answering the main research 

question, the study also successfully adhered to the principles of engaged scholarship (Section 

2.2). Table 7-2 shows how some of the engaged scholarship principles were applied to this 

study. 

Principle of Engaged 
Scholarship 

Application to the Study 

Theory-laden data, 
facts and 
observations 

The entire research study was grounded in theory and all three iterations of 
the engaged scholarship research activities adhered to the Theory Building 
activity of engaged scholarship. 

Engagement of 
multiple 
stakeholders 

Several stakeholders were involved in the study including citizens, 
employees of the case study organisation (NMBM), knowledge experts and 
methodology experts. 

Theoretical and 
methodological 
triangulation 

The three main methods that allowed the triangulation of the complex 
problem were literature reviews, a survey and experiments. The researcher 
also engaged with knowledge and methods experts, as well as NMBM 
officials who gave consent to access the data. These methods allowed the 
researcher to access different kinds of knowledge. The mixed methods 
approach was adopted in this study since both qualitative and quantitative 
methods were used to get different perspectives of the research problem. 
Qualitative data was obtained from the literature review and the open-
ended feedback from the survey. Quantitative data was obtained from the 
experiments and the closed-ended feedback from the survey. 

Contribution to 
theory and practice 

The research contributions contribute to both theory and practice. 

Start conversation 
about issues in P 
and A 

The survey and interacting with knowledge experts and NMBM employees 
started a conversation about the issues with water resource monitoring in 
South Africa. Henceforth, the NMBM have requested to be given access to 
the research outputs of this study for use to improve their programmes. 

Table 7-2: Reflection of the Study according to Engaged Scholarship Principles. 

This study also investigated the applicability of crowdsensing to create a smart community 

that integrates the cyber, physical and social worlds for the service delivery in communities. 

Xia and Ma (2011) propose several properties of smart community (Section 3.2.1) and Table 

7-3 describes how each property was addressed by the Crowdsensing Method. 
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Property of Smart Community Application to the Study 

A physically and socially aware 
system 

The Crowdsensing Method proposes developing a crowdsensing 
system that uses citizens and mobile device sensors to collect 
data about the physical world. The Crowdsensing Method 
proposes an extensive sociotechnical design that can guide 
researchers and practitioners on how to navigate the social 
systems of a community for the success of the crowdsensing 
project. 

Varied number of members and 
lifecycle 

The Crowdsensing Method can be adapted for various contexts 
with varied number of crowdsensing participants. 

Not dependent on Internet 
connection 

The Crowdsensing Method proposes the use of USSD and SMS 
as data collection tools to allow community members without 
Internet access to participate in crowdsensing. 

Good scalability The nature of crowdsensing to use citizens’ mobile devices for 
data collection (crowdsensing) allows for the expansion of 
communities.  

Table 7-3: Reflection of the Study according to the Properties of a Smart Community proposed 

by Xia and Ma (2011). 

7.4 Research Contributions 

The main research contribution of this study is the Crowdsensing Method (Figure 6-1). The 

Crowdsensing Method has two main components, which are also considered research 

contributions namely, the sociotechnical and programme designs. 

7.4.1 Sociotechnical Design 

The contributions that form the sociotechnical design of the Crowdsensing Method are: 

 The Challenge Framework for Crowdsensing (Figure 3-5). 

 Design Guidelines for Crowdsensing Systems (Table 3-4). 

 The Conceptual Model for Submission of Water Data using TPB (Figure 4-4). 

 The Framework of Motivational Factors for Crowdsensing (Figure 4-14). 

 Guidelines for Citizen Participation in Crowdsensing for Water Resource Monitoring 

(Section 4.4.4). 

 The OverSense Policies (Section 5.4). 

 The Incentive Mechanism Design (Figure 6-2). 

The Challenge Framework for Crowdsensing (Figure 3-5) and Framework of Motivational 

Factors for Crowdsensing (Figure 4-14) were used to identify the main issues around engaging 

with participants in crowdsensing projects. It was confirmed that by identifying the 

motivational factors and barriers to the success of a crowdsensing project, researchers or 

practitioners can develop a potential participant profile. The potential participant profile was 
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used to develop an Incentive Mechanism Design (Figure 6-2) using the Design Guidelines for 

Crowdsensing Systems (Table 3-4), Guidelines for Citizen Participation in Crowdsensing for 

Water Resource Monitoring (Section 4.4.4) and OverSense Policies (Section 5.4).  

The case study mobile application, the NMBM application, was evaluated against the design 

guidelines to identify the shortcomings of the application as a crowdsensing system. It was 

noted that the application was lacking social translucence and a fun element. This was 

confirmed by the survey data which reported that participants did not consider crowdsensing 

for water resource monitoring fun or socially stimulating.  One of the Guidelines for Citizen 

Participation in Crowdsensing for Water Resource Monitoring (Section 4.4.4) is using different 

types of incentives to motivate participants. The Incentive Mechanism Design can be used to 

improve citizen participation in existing crowdsensing systems such as the NMBM application. 

7.4.2 Programme Design 

This research makes a programme design contribution by proposing a Crowdsensing 

Reference Framework, which consists of: 

 The Crowdsensing Process consisting of three phases and eight activities - A1 to A8 

(Figure 3-4). 

 Key Success Factors for Crowdsensing Projects - K1 to K11 (Table 3-3). 

 Guidelines for Crowdsensing Projects - G1 to G30 (Table 3-3). 

The Crowdsensing Process highlights the plan for the implementation and coordination of a 

crowdsensing project. The three phases of the crowdsensing process are Project Initiation, 

Data Sensing and Gathering and Data Analytics. The crowdsensing process can guide 

organisations on how to set up a crowdsensing project.  

7.5 Limitations of Study and Recommendations for Future Research 

There were several limitations related to this study. The first limitation was that due to scope 

and time constraints, the researcher was only able to evaluate the OverSense recruitment 

policy as the OverSense incentive policy requires evaluating crowdsensing participants’ 

responses to incentives over a long period of time. Future research should build on the 

sociotechnical design recommended in this study to implement a technical solution for water 

resource monitoring and test the resulting crowdsensing system across different social 

systems. Furthermore, there is a need to test the OverSense Policies in the real world.  

Future work should also work towards collaborating with citizens to develop the 

crowdsensing system. Designing technology solutions collaboratively with the intended 
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community provides a better understanding of the cultural nuances that can easily affect the 

use and adoption of an intervention (Ssozi-mugarura, Blake & Rivett, 2015). 

7.6 Summary 

The proposed Crowdsensing Method serves as a helpful instrument for project coordinators 

of crowdsensing projects as it offers several contributions. A common aspect of technology 

interventions in communities is that they are externally conceived and address an assumed 

need with little or no buy-in from the citizens (Dodson, Sterling & Bennett, 2013). The risk of 

not exploring the social systems around technical solutions is that the interventions are 

plagued with uncertain sustainability. To mitigate this risk and increase the chances of 

technology acceptance, this study emphasises the importance of investigating the social 

systems around technical solutions and proposes several frameworks and guidelines based 

on literature and empirical input of citizens. Researchers, crowdsensing project coordinators 

and practitioners (such as water authorities) can derive value from the Crowdsensing Method 

proposed in this study to assist with the planning and design of crowdsensing projects and 

systems. 

 

 

 

------ The End ------
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Appendix B 

Questionnaire 

QUESTIONS RESPONSE FORMAT 

BEHAVIOURAL INTENTIONS 

BI1: I expect to report cases of water pollution and wastage issues 

BI2: I want to report cases of water pollution and wastage issues 

BI3: I intend to report cases of water pollution and wastage issues 

Strongly disagree 1 2 3 4 5 Strongly agree 

BEHAVIOURAL ATTITUDES 

Direct Measurement 

BA1: In my opinion, reporting cases of water pollution and 

wastage issues to the municipality is: 

Worthless 1 2 3 4 5 Useful 

BA2: In my opinion, reporting cases of water pollution and 

wastage issues to the municipality is: 

Unpleasant (for me) 1 2 3 4 5 Pleasant 

(for me) 

BA3: In my opinion, reporting cases of water pollution and 

wastage issues to a trusted organisation is: 

Worthless 1 2 3 4 5 Useful 

BA4: In my opinion, reporting cases of water pollution and 

wastage issues to a trusted organisation is: 

Unpleasant (for me) 1 2 3 4 5 Pleasant 

(for me) 

Behavioural Beliefs 

BA5: If I report cases of water pollution and wastage issues, I will 

feel that I am doing something positive for the community. 

Unlikely 1 2 3 4 5 Likely 

BA6: Discovering cases of water pollution and wastage issues will 

contribute to the management of our water resources. 

BA7: If I report cases of water pollution and wastage issues, there 

will be an improvement in the management of our water 

resources. 

Outcome Evaluations 

BA8: Reporting cases of water pollution and wastage issues is: Extremely unimportant 1 2 3 4 5 

Extremely important BA9: Discovering cases of water pollution and wastage issues is: 

BA10: Assisting in the management of water resources is: 

SUBJECTIVE NORMS 

Direct Measurement 

SN1: Most people important to me think that I should report 

cases of water pollution and wastage issues. 

Strongly disagree 1 2 3 4 5 Strongly agree 

SN2: It is expected of me to report cases of water pollution and 

wastage issues. 

SN3: I feel under social pressure to report cases of water pollution 

and wastage issues. 

Normative Beliefs 

SN4: Members of my community would (approve/ disapprove) of 

me reporting cases of water pollution and wastage issues so the 

issues can be rectified. 

Disapprove 1 2 3 4 5 Approve 
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SN5: The municipality and other organisations tasked with 

resolving water pollution and wastage issues would (approve/ 

disapprove) of me reporting cases of water pollution and wastage 

issues so the issues can be rectified: 

SN6: Other people report cases of water pollution and wastage 

issues. 

Strongly disagree 1 2 3 4 5 Strongly agree 

Motivation to Comply 

SN7: The approval of my community is important to me Not at all 1 2 3 4 5 Very much 

SN8: Helping the municipality and other organisations tasked 

with resolving water pollution and wastage issues is important to 

me 

SN9: Doing what other people do in regards reporting is 

important to me. 

PERCEIVED BEHAVIOURAL CONTROL 

Self-efficacy 

PB1: I am confident that I could report cases of water pollution 

and wastage issues if I wanted to. 

Strongly disagree 1 2 3 4 5 Strongly agree 

PB2: For me to report cases of water pollution and wastage issues 

is: 

Extremely difficult 1 2 3 4 5 Extremely 

easy 

Controllability 

PB3: The decision to report cases of water pollution and wastage 

issues is beyond my control. 

Strongly disagree 1 2 3 4 5 Strongly agree 

PB4: Whether I report cases of water pollution and wastage 

issues or not is up to me. 
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