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Abstract

Local government processes require meaningful and effective participation from both citizens 
and their governments in order to remain truly democratic. This project investigates the use of 
mobile phones as a tool for supporting this participation. MobiSAM, a system which aims to 
enhance the Social Accountability Monitoring (SAM) methodology at local government level, has 
been designed and implemented. The research presented in this thesis examines tools and tech
niques for the development of cross-platform client applications, allowing access to the MobiSAM 
service, across heterogeneous mobile platforms, handsets and interaction styles. Particular at
tention is paid to providing an easily navigated user interface (UI), as well as offering clear and 
concise visualisation capabilities. Depending on the host device, interactivity is also included 
within these visualisations, potentially helping provide further insight into the visualised data. 
Guided by the results obtained from a comprehensive baseline study of the Grahamstown area, 
steps are taken in an attempt to lower the barrier of entry to using the MobiSAM service, po
tentially maximising its market reach. These include extending client application support to all 
identified mobile platforms (including feature phones); providing multi-language UIs (in English, 
isiXhosa and Afrikaans); as well as ensuring client application data usage is kept to a minimum. 
The particular strengths of a given device are also leveraged, such as its camera capabilities 
and built-in Global Positioning System (GPS) module, potentially allowing for more effective 
engagement with local municipalities. Additionally, a Short Message Service (SMS) gateway is 
developed, allowing all Global System for Mobile Communications (GSM) compatible handsets 
access to the MobiSAM service via traditional SMS. Following an iterative, user-centred design 
process, a thorough evaluation of the client application is also performed, in an attempt to gather 
feedback relating to the navigation and visualisation capabilities. The results of which are used 
to further refine its design. A comparative usability evaluation using two different versions of 
the cross-platform client application is also undertaken, highlighting the perceived memorability, 
learnabilitv and satisfaction of each. Results from the evaluation reveals which version of the 
client application is to be deployed during future pilot studies.
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Chapter 1

Introduction

1.1 Background

South Africa’s constitution requires local government to perform certain tasks, including provid
ing a democratic and accountable government for local communities; ensuring the sustainable 
provision of services; promoting social and economic development; as well as encouraging the 
involvement of communities and community organisations in matters of local government [69]. 
While the intentions of municipalities are often genuine in their desire to fulfil these tasks, many of 
these ideals have yet to be obtained [135]. An October 2014 review conducted by the Department 
of Cooperative Governance and Traditional Affairs (CoGTA) concluded that only 7% of South 
Africa’s 278 municipalities were “doing well” [37, p.6], warning that “despite our achievements, 
our governance system is a cause for concern” [37, p.4].
Poor service delivery is often blamed on poor capacity, limited funds, corruption and an absence 
of effective leadership [135]. This is compounded by the fact that local municipalities seldom 
recognise and reward good performance, while at the same time are ineffective at dealing with 
under-performance [37]. In addition, “slow or inadequate responses to service delivery challenges 
are in turn linked to the breakdown of trust [between local government and the public]” [37, 
p.5], a symptom further agitated by public representatives often distancing themselves from the 
communities which they are obliged to serve [37].
As a result, citizen response often takes the form of protest and strike action, with an April 
2012 article citing South Africa as the “protest capital of the world” [4, p.l], after more than 
900 service delivery protests occurred within a single calendar year [21]. While protest and 
strike action are a means of participating in local government matters, they are not considered 
meaningful in that they alone do not bring about lasting positive change [21]. In spite of the 
challenges, however, local governments are structured in such a way as to increase meaningful
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citizen participation by “placing more power and resources at a closer and more easily-influenced 
level of government” [148, p.136]. As maintained by the Minister of Cooperative Governance and 
Traditional Affairs, Pravin Gordhan, during his budget vote speech in .July 2014:

“Local government is the crucible in which the complex processes of development, 
governance, transformation of life and living conditions is taking place daily.” [66, p.l]

The key to successful public involvement is to ensure the “meaningful, informed, and effective 
participation” of citizens in government processes [203, p.170]. However, adequate mechanisms 
and skills are required in order to hold service providers accountable for their performance, or 
lack thereof. The social accountability monitoring (SAM) methodology is one such mechanism, 
an overview of which is provided next.
Developed by the Centre for Social Accountability at Rhodes University, the SAM methodology is 
a “rights-based and evidence-based framework for understanding and participating in government 
service delivery processes” [203, p.174]. While previously untested at local government level, 
the SAM methodology has been successfully used to monitor government at both national and 
provincial levels.

Figure 1.1: The Social Accountability Monitoring methodology (adapted from [180])

Implementing the SAM methodology allows resources to be effectively and accountably managed, 
and is done so by mapping five inter-dependent processes onto the public resource management 
system, as shown in Figure 1.1. Basic tools are provided by the methodology, allowing the 
public to engage in each process by interrogating the government documents which each of the 
processes produce: budgets, plans, financial reports, performance reports, audit findings and 
oversight committee minutes. Despite its successful use, the SAM methodology suffers from two 
limitations. Firstly, as the methodology is performed via the analysis of government documents, it 
is primarily suited to desk-based research and post hoc analysis. Secondly, in order to rigorously 
apply the methodology, a certain degree of literacy and analytical skills are required, often 
excluding those most affected by inadequate service delivery: the poor and marginalised. The 
development of additional tools to complement the SAM methodology is therefore needed.



1.2. PROJECT CONTEXT 3

While access to formal education remains poor and literacy rates low, South Africa’s mobile phone 
penetration rate is comparable to that of many developed nations [76]. Although estimates vary, 
the GSMA has reported a mobile penetration rate of 65.7% while the Nielsen Group has reported 
a figure of 76% [77,94]. In addition, South Africa has been ranked fifth worldwide for mobile data 
usage, ahead of countries such as the United States, which ranks seventh [94]. The same study 
showed that more South Africans use mobile phones than any other modern and traditional 
ICTs, including computers (6 million), televisions (27 million) and radios (28 million) [94]. With 
this in mind, it is proposed that the SAM methodology could be further strengthened through 
real-time, user-generated data obtained from the public, submitted using their mobile phones. 
This would allow citizens to participate in issues of local government by providing them a direct 
means through which to interact with their municipality and express their needs and concerns. In 
addition, municipalities would be afforded a direct communication channel to their constituents, 
allowing for the delivery of timely, location relevant information to residents.
The research presented in this thesis forms a part of the MobiSAM (mobile social accountability 
monitoring) project, which aims to investigate the use of mobile phones as a platform to facilitate 
evidence-based engagement with local municipalities. In turn, this engagement aims to promote 
an increase in accountability as well as improve service delivery and meaningful participation. 
Currently being piloted within the Eastern Cape city of Grahamstown, MobiSAM introduces a 
mobile phone-based polling framework and service delivery complaint reporting tool which seeks 
to promote active citizen participation between residents and their local government, tasked 
with providing them basic services. The pilot project has partnered with Grocott’s Mail, a local 
community newspaper, to broadcast collected information, with the aim to facilitate a two-way 
dialogue between citizens and their municipality.
As part of its recently launched (December 2014) Back-to-Basics framework, geared towards im
proving the functioning of local governments, CoGTA insisted that: “Municipalities must develop 
affordable and efficient communication systems to communicate regularly with communities and 
disseminate urgent information” [37, p.ll]. In addition, the framework aims to provide “all South 
Africans [with] a basic set of tools by which they can hold their municipalities to account and 
measure whether they are living up to their promises” [37, p.9], with performance indicators 
being collated and published [37]. These are two roles which MobiSAM is well positioned to 
fulfil.

1.2 Project context

Makana Municipality is situated in the Eastern Cape Province, one of South Africa’s poorest 
provinces. The area experiences a high unemployment rate (63.4%) and low levels of formal 
education (39.2% of residents have received a primary school education or none at all) [132]. As



1.3. PROBLEM STATEMENT 4

a result, 55.5% of Makana residents live below the poverty line [132]. Efforts to alleviate poverty 
are hampered by a sluggish economy and there is an increasing dependency on social grants, with 
half of all Makana residents receiving some form of government grant in 2009 [131]. This places a 
significant burden on the municipality, particularly in delivering basic services. The municipality 
is responsible for (amongst other things) municipal health services; municipal roads; sanitation; 
electricity reticulation; potable water; refuse removal; refuse dumps and solid waste disposal; 
child care facilities; and local tourism [70]. Despite a R266 million budget in 2009/10 [130], only 
21% of Makana residents have access to potable water and only 35% to sanitation [131].
The municipality was recently ranked as the third worst performing municipality in the Eastern 
Cape, with 2,507 instances of misspending (R19.8 million), making up 9% of the total mis
spending in the province [141, 142]. The supreme audit institution has repeatedly found the 
municipality unable to adequately account for the use of public resources. In 2011/2012, the 
Auditor-General could not obtain sufficient appropriate audit evidence to support over R48 mil
lion of municipal expenditure [144]. This is the fourth successive disclaimer that Makana has 
received [143]. In August 2014 Makana Municipality was placed under provincial administration 
due to ongoing infrastructural and financial crises [145].
The situation in Makana Municipality is comparable to other local municipalities across South 
Africa, where “local government capacities are in short supply and financial sustainability is 
frequently in doubt. This hampers total government ability to perform traditional functions 
such as service delivery and regulation, collecting rates, user charges and fees” [148, p.137]. 
However, this is not a problem that is unique to South Africa, but has been demonstrated on 
numerous occasions and across a number of different contexts. A recent country wide, empirical 
evaluation found similar evidence across developing countries around the world [9].

1.3 Problem statem ent

The modern day mobile environment is diverse, with installable applications often targeting 
only a few specific platforms, thereby limiting their reach and perceived value. The research 
presented in this thesis aims to investigate a variety of techniques to allow client applications 
to be developed across heterogeneous mobile devices and platforms, thus providing access to 
the MobiSAM service. Particular attention is given to following known platform user interface 
and user experience guidelines in order to make the client applications as familiar as possible. 
Methods for potentially lowering the barrier of entry to using the MobiSAM service are presen
ted, including: providing multi-language support; minimising client application data usage; as 
well as maximising mobile platform support (including low-end feature phones). In addition, the 
appropriateness of different navigation styles are explored, as well as how contrasting visualisa
tions assist users to better understand and draw benefit from collated poll results. The effect
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of interactivity within these visualisations is also evaluated. In order to provide near universal 
access to the MobiSAM service, the ability for residents to report service delivery complaints via 
traditional SMS is also researched and developed.

1.4 Research goals

The goals and objectives of this research project are to:

1. Determine the current state of the art in the fields of e-government, m-government and 
ICT-facilitated civic engagement projects, as well as to investigate different visualisation 
principles, techniques and tools. Particular attention should be paid to the differences 
between traditional and mobile visualisations.

2. Perform an informal mobile phone retail outlet survey, as well as a comprehensive baseline 
study in an attempt to gain an understanding of how Grahamstown residents currently 
use mobile technology, and participate with local government around the area of service 
delivery.

3. Design and implement two platform-specific prototype client applications, enabling access 
to the MobiSAM service. Next, investigate and evaluate a variety of cross-platform mobile 
frameworks in an attempt to determine the most suitable means of targeting heterogeneous 
mobile devices and platforms. Leveraging a cross-platform framework, develop a client 
application, allowing residents to answer service delivery polls, as well as view and interact 
with collated poll results. Support need be extended to the most prevalent mobile platforms 
within Grahamstown. Develop a second cross-platform client application, streamlining the 
process of reporting specific, detailed service delivery issues, as opposed to answering service 
delivery polls. Visualisations need not be included. In addition, develop an SMS gateway 
allowing residents to report service delivery issues to their municipality via traditional SMS.

4. Briefly evaluate the prototype client applications. Conduct a thorough usability evaluation 
using the initial cross-platform client application, in order to determine how intuitively 
participants are able to navigate within the client application, as well as understand the 
different visualisation techniques employed. The effect of interactivity within the chart 
visualisations need also be assessed. Finally, conduct a comparative usability evaluation 
using the two cross-platform client applications, in an attempt to determine which ver
sion best meets participant needs and expectations, according to the usability criteria: 
learnabilitv, memorability and satisfaction.

It should be noted that these goals are not strictly performed in the order in which they were 
presented.
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1.5 D elim itation of scope

The research presented in this thesis forms part of a broader study, piloting the MobiSAM service 
within Grahamstown in collaboration with Makana Municipality. The project as a whole, aims 
to determine whether mobile phones offer a viable platform to promote and increase meaningful 
citizen participation within local government matters. However, only efforts relating to the cli
ent portion of the MobiSAM service are presented here. As the MobiSAM website and backend 
server were developed by a separate researcher, only basic information surrounding their use is 
provided (see Section 5.3 and Appendix A .l). It should be noted that the research conducted 
as part of this thesis does not evaluate whether MobiSAM is able to measurably increase cit
izen participation with local government. Instead, this research question has been designated 
as future work, to be evaluated as the pilot study progresses. In addition to this, comparisons 
between the mobile-friendly website and MobiSAM client applications are not presented. Due to 
ongoing concerns surrounding Grahamstown’s potable water supply, the MobiSAM and Makana 
Municipality collaboration initially focussed on the monitoring of this basic service. Program
ming languages used when conducting the research presented in this thesis are limited to Java 
and C #, due to the researcher’s proficiency therewith.

1.6 Research m ethodology

A user-centered approach was followed throughout the research presented in this thesis. By 
consulting users throughout the development process, they were able to influence and shape 
each application’s design, potentially leading to more usable and satisfying solutions (2]. More 
specifically, the interaction design methodology was chosen, which encourages iteration, and 
consists of four activities: identify needs/establish requirements, (re)design, build interactive 
version and evaluate. Three complete iterations of the methodology performed while conducting 
the research.

1.7 Thesis structure

This thesis has been divided into eight separate chapters, with each focusing on a specific aspect 
of the research project.
Chapter Two investigates and discusses literature relating to the use of information and com
munication technologies (ICTs) in the public sector; explores a number of civic engagement 
projects using these technologies; as well as details a number of mobile technologies relevant 
to the MobiSAM project (including visualisation principles and techniques, as well as mobile 
adoptions thereof).
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Chapter Three provides an overview of the methodology followed when conducting this research 
project. The interaction design life-cycle model and its use within the context of the project is 
introduced and expanded upon. The informal retail outlet and usability evaluations are also 
discussed.
Chapter Four presents the baseline study which attempts to empirically investigate how local 
residents use mobile technology and participate with local government around the area of service 
delivery. Study results are subsequently used during the requirements gathering process of the 
next iteration of the life-cycle model.
Chapter Five explores the development of two cross-platform client applications: MobiSAM 
and MobiSAM Report. The design and implementation of the SMS gateway application is also 
described here.
Chapter Six presents the results of the first usability evaluation, performed using the cross
platform MobiSAM client application. Shortcomings relating to navigation and visualisation are 
highlighted, along with miscellaneous usability concerns.
Chapter Seven presents the results of the comparative usability evaluation, performed using 
MobiSAM and MobiSAM Report cross-platform client applications. Results are analysed and 
discussed according to the usability goals: learnabilitv, memorability and satisfaction.
Chapter Eight draws together the findings of the research project, revisiting and evaluating 
the project goals, bringing it to conclusion. Avenues for future research are also discussed here.



Chapter 2

Literature review

2.1 Introduction

This chapter investigates literature relating to the use of ICTs in the public sector (Section 
2.2); explores and describes several local and international ICT-facilitated civic engagement 
projects (Section 2.3); and details a selection of mobile technologies relevant to the MobiSAM 
service (Section 2.5). Visualisation principles (Section 2.8.1), techniques (Section 2.8.2) and 
tools (Section 2.8.3) are then discussed. Finally, the differences between mobile and traditional 
visualisations are highlighted (Section 2.8.1).

2.2 ICTs in the Public Sector
The potential for ICTs to positively effect government was realised more than two decades ago 
with the foundation of the International Federation of Computer Science (IFIP) working group, 
Information Systems in Public Administration (ISPA) (96]. In his book titled Reinventing Gov
ernment in the Information Age, Heeks identifies the effects of ICT-facilitated reforms in the 
public sector (83]. These include increased efficiency, more effective decentralised decision mak
ing, an increase in accountability information, as well as providing a “conduit for delivery of new 
forms of public service” (83, p. 19]. Similar sentiments were echoed by the former President of 
South Africa, Thabo Mbeki, during his 2005 World Summit statement in which he maintained 
“we (the government of South Africa] have fully recognized the critical importance of modern 
ICTs as a powerful ally we have to mobilize” (24, p.4]. In their most basic form, ICTs allow gov
ernments to move away from paper-based records, instead digitising data, allowing for its easy 
storage and retrieval. In addition, advancements in mobile technology provide an ideal opportun
ity for governments to strengthen and improve their relationship with the public, using mobile 
devices as a potential tool for increasing transparency and improving service delivery (164].

8
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As described in upcoming sections, the potential for ICTs to assist government operations is 
expansive, taking a variety of different forms. This section provides an overview of electronic 
government (e-government) and mobile government (m-government), as well as the different 
forms of m-government.

2.2.1 E-governm ent

Considered by some to be “one of the oldest forms of ICT for accountability applications” (1, 
p. 170], e-government is defined as “the use of ICT and its application by the government for the 
provision of information and public services to the people” (208, p. 14]. Seen as a paradigm shift 
over traditional public administration approaches (149], e-government aims to provide an effi
ciently managed government, improved service delivery and an empowered electorate by stream
lining internal processes through the use of ICTs (152].
E-government covers a variety of different activities and is categorised into four distinct areas, 
based on the segment served: government-to-government (G2G), government-to-citizen (G2C), 
government-to-business (G2B) and intra-government internal efficiency and effectiveness (IEE) 
(149]. G2C concerns itself with facilitating citizen interaction with government departments, a 
primary goal of e-government. G2B covers the procurement of goods and services by government. 
While G2G, argued by Nkwe to be “the backbone of e-government” (157, p.40], enables the sharing 
of data between the various central, provincial and local government departments. IEE differs 
from G2G in that it focuses on increasing the efficiency of back-office systems by coordinating 
available resources (6].
While the ideals of e-government promise several benefits when properly deployed, Schuppan 
argues that one has to be cautious when implementing such services within developing countries, 
stressing that “additional effort is necessary” (191, p.118]. Ndou maintains a similar stance, 
drawing attention to the fact that “there remain many challenges which hamper the exploration 
and exploitation of its (ICTs] opportunities” (152, p.12]. In addition, the popular press have 
expressed criticism for the pace at which South Africa’s own e-government services are being 
rolled-out, highlighting “the country has slipped a whopping 36 places over two years (between 
2008 and 2010] in the UN e-government index” (10, p.l]. Heeks emphasises the importance 
of implementing e-government systems which are country specific and not merely adaptations 
of existing systems used by other countries (84]. Furthermore, suitable leadership and input 
from key stakeholders has been identified as vital to successfully implemented e-government 
services (123].
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2.2.2 M -governm ent

Mobile phones are the most rapidly adopted technology in history [168]. By the end of 2014 the 
number of mobile cellular subscriptions worldwide was predicted to surpass 7 billion, while the 
African continent was forecast to reach a mobile penetration rate of 69% [98], up from 9% only 
a decade earlier [75].
M-government is defined as “strategy and its implementation involving the utilization of all wire
less and mobile technology, services, applications and devices for improving benefits to the parties 
involved in e-government including citizens, businesses and all government units” [110, p.3]. It is 
often seen as both a subset and a natural extension of e-government [108,207]. While traditional 
e-government focuses on providing services to citizens via fixed Internet access methods such 
as landline telephone, m-government attempts to free users from geographical constraints by 
bringing mobility to e-government processes [164]. In theory, m-government allows both citizens 
and officials access to government information and services 24 hours a day, 7 days a week from 
any location within mobile network coverage [108].
To this end, m-government is seen as being particularly well suited to developing countries due 
to the high ratio of mobile subscriptions to fixed Internet services [98], thus affording access to 
citizens who may otherwise have been excluded [108]. While some have questioned whether m- 
government will replace the role of e-government, it should be noted that m-government services 
are by no means intended to substitute existing forms of online or offline service delivery [108]. 
Instead “[m-government] affords powerful and transformational capacity to the public sector” by 
both increasing access to existing services as well as allowing for the development and roll-out 
of new services [168, p.12]. In addition, m-government serves as an ideal platform which may be 
leveraged for citizen activism [108].
Similarly to e-government services, four distinct categories of m-government have been identified: 
G2G, G2C, G2B and IEE [79]. In their report titled Making Government Mobile, Raja, Cruse, 
Goldstein, Maher, Minges and Surva have further identified three forms of m-government, each 
of which is elaborated upon next [176]. It is important to note that instead of being rolled-out 
nationwide, South Africa’s m-government services instead rely on the initiative of individual 
state departments and local municipalities to develop strategies for their implementation [27].

2.2.3 Forms o f m -governm ent

M-government services are usually deployed in a variety of different forms, with the aim of 
improving accountability, transparency and responsiveness to their electorate [176]. Three forms 
of m-government have been identified and will be described next.
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Supplement The first form may be defined as mobile tools which include an additional channel 
to supplement the way in which government services are currently provided. An example of this 
would be in Korea, where the e-government services have been expanded by adding wireless 
portals and interfaces to access existing e-services [176].

Expand The second form helps to extend the reach of traditional government services, so as 
to include previously under served citizens. HealthLine, a telephonic service offering medical 
advice to citizens in Bangladesh, provides an example of expanding traditional e-government 
reach [176]. The service reduces the need to travel to clinics and waiting in health centre queues.

Innovate The third and final form are mobile tools which are used to “develop new services for 
service delivery and governance” [176, p.88]. The MobiSAM system falls into the third category, 
aiming to enable innovative ways for local government to involve and interact with citizens.

2.3 Local civic engagement projects
Several civic engagement projects leveraging ICTs such as mobile phones have been deployed 
within South Africa over the past decade. This section draws together some of these projects, 
detailing their purpose as well as their perceived successes and shortcomings. Three pilot studies 
conducted by Information for Community Oriented Municipal Services (iCOMMS) are first in
troduced, followed by local SMS hotlines, Mxit applications, Lungisa and City of Johannesburg’s 
Find k. Fix mobile application.

2.3.1 Inform ation for C om m unity O riented M unicipal Services (iC O M M S) 
Research

iCOMMS is an interdisciplinary research team based at the University of Cape Town’s Civic 
Engineering faculty, whose primary aim is to “improve service delivery in developing countries 
through the use of appropriate tools” [95, p.l]. The group’s research involves developing and 
evaluating systems based on the innovative use of existing technologies (such as mobile phones 
and other ICTs) which aim to “support basic service delivery in rural and under-serviced envir
onments” [95, p.l]. Three of the group’s recent projects are briefly discussed next.

Monitoring drinking water quality in South Africa

Forming part of the European Union-funded Aquatest project, this study investigated the use 
of a mobile phone-based information system for collecting water quality information [183]. The
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researchers maintained that the information systems currently implemented to monitor drinking 
water quality in South Africa arc ill-suited for use by small and under-funded municipalities, 
instead being designed for more affluent municipalities “who have the means to implement policy 
and best practices” [183, p.24].
The project was based in rural South Africa and focused on a ease study spanning four field sites, 
with each ease focusing on a single water services authority [183]. Two mobile phone applications 
were developed: Water Quality Reporter (WQR) and Water Quality Manager (WQM), each to 
be used for data collection, information transfer and analysis purposes (see Figure 2.1). The 
WQR application was installed on a water-supply caretaker’s handset, allowing them to answer 
questions and input parameters relating to the current quality of the water supply. Results were 
then uploaded to a central server via GPRS.

Warmng/instruction messages (SMS)

Forms, sample point sync (HTTP)
WQR

WQM
Form data submission (HTTP)

WQM (mobile)

Result sync (HTTP) Bulk SMS provider

Excel reports (Email)
Failure messages (SMS)

<4
Managers

Figure 2.1: The WQR and WQM system architecture (taken from [183])

During the second phase of the project, the WQM application was installed on handsets which 
were used by watcr-ciualitv monitoring managers. The application allowed managers to review the 
water ciualitv status of their water sites at any time. Managers also received notifications alerting 
them when results submitted by a water-supply caretaker were outside accepted parameters. 
The researchers were very careful to design the system according to local needs, making sure the 
mobile application designs mirrored existing municipal work flows.
Ultimately, the study found that “all managers reported an increase in regular communica-
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tion and an increase in awareness of the status quo of the water quality in the various field 
sites” [183, p.29]. As managers were able to assess sites from any location, the amount of time 
spent travelling to sites was reduced [183]. Managers also indicated that their confidence in 
matters relating to water quality had improved [183]. In addition, the movements and needs of 
water-supply caretakers were better understood by their managers. Furthermore, managers and 
caretakers both confirmed that the system helped them experience an increase in transparency 
and accountability [183].

‘Drop drop’

Drop drop is an Android application which aims to “empower citizens in their position in the 
water system” [179, p.124] by attempting to help them better understand their water usage 
habits. The application provides an area for users to input their daily water usage, as read from 
their meter. Water usage history is presented as a bar chart, along with a textual description of 
the results. In addition, citizens are presented with educational information relating to the water 
system, such as how to read their water meter, allowing them to better track their own water 
consumption. Additional features such as ‘Detect a leak’ and ‘Check my bill’ are also included 
and take the form of ‘wizards’ which help users perform these activities. In an attempt to meet 
user requirements as closely as possible, an iterative process and user-centred design approach 
was followed during development [179].
A two week pilot study revealed that although participants were able to navigate Drop drop 
confidently, they encountered problems reading their water meters (primarily due the meter’s 
analogue display) as well as entering readings into the application. Two participants did however 
detect a leak using the application. The researchers concluded that although their data was 
biased due to the small, demographicallv homogeneous study sample comprising of four female 
participants, “we can at least say that the engagement with a phone provides a platform to learn 
about water usage” [179, p. 127]. Several enhancements such as improving meter reading entry, 
offering multiple languages and removing unused information were cited as possible future work.

WATER Alert!

In this study, iCOMMs researchers attempted to address the challenge of “reporting complex 
and critical water quality information in a way that is accessible to all South Africans” through 
the use of a symbol-based mobile application [22, p.l]. Currently, should citizens require water- 
quality information they need to request a paper-based report from their water service provider 
(WSP) which is often both difficult to interpret and understand. The WATER Alert! application 
attempted to simplify this information by issuing “locally relevant symbol-based message alerts
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and information to subscribers who can then forward the messages [...] to non-subscribers” [22,
P-11-
Mobile phones were chosen as the preferred platform due to their “availability, widespread pop
ularity and familiarity [...] as well as the speed, reach, lower associated costs of use and simplicity 
of use” [22, p.l]. Once a user has installed the application and subscribed to the service the ap
plication displays the current water quality status for their municipality or area of interest (see 
Figure 2.2). The user may then either select ‘Advice’ which offers tips relevant to the current 
status of their water (shown as a series of picture messages) or ‘Report’ which provides access 
to the detailed water quality report. Water quality reports are simplified through the use of 
a calendar metaphor and appropriate colour codes, thereby making them more understandable 
and better suited for display on mobile devices. The system was evaluated by five participants 
(two male and three female) each between the age of 18 and 45. During the evaluation par
ticipants were given a set of tasks to complete using a conventional paper-based water quality 
report followed by a similar set of tasks using the WATER Alert! application.

Figure 2.2: Current water quality status for Mandalay Municipality (taken from [22])

The researchers found that three out of five participants experienced an increased understanding 
of water quality information, one participant experienced a decrease while another experienced 
no change. In addition, participants were shown to complete tasks in much less time when 
compared to traditional paper-based reporting. All five participants correctly interpreted the 
symbol-based alert status, potential danger and advice given, with the researchers suggesting 
that the “use of visual metaphors in our prototype design contributed to the effectiveness of the 
application and empowered users” [22, p.8]. As future work researchers suggested implementing 
a feature allowing consumers to provide water quality feedback to their WSPs, thereby helping 
suppliers “satisfy their legal obligation to provide safe drinking water” [22, p.8].
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2.3.2 SM S hotlines

Several SMS hotlines have been piloted by government departments within South Africa, allowing 
citizens to submit complaints via traditional SMS. Two such hotlines are described next.
During 2012, the Western Cape Department of Health launched an SMS hotline allowing citizens 
to lodge complaints about poor service at public healthcare facilities. The service was piloted for 
a period of three months during which time it proved successful, and according to the Western 
Cape government “will be rolled out across all facilities going forward” [71, p.l]. During the pilot 
study a Cape Town-based newspaper tested the newly launched service, receiving a response 
from call centre agents within 30 minutes. Several patients, however, were reportedly weary of 
using the service out of fear of being victimised by hospital staff [50].
A similar service, albeit targeting corruption, was deployed within the City of Johannesburg 
Metropolitan Municipality during the same year. The SMS hotline, which launched after a critical 
report by the watchdog organisation Corruption Watch1, allows citizens to report fraudulent and 
corrupt behaviour within the Johannesburg Metro Police Department. It is envisioned that the 
service will help assist the city in taking disciplinary action against offending police officers. The 
service is also reachable via toll free voice call and all tip-offs are treated as confidential [187]. 
Results relating to the effectiveness of the system have yet to be released.

2.3.3 M xit applications

Mxit is a locally developed mobile instant-messaging platform which initially became popular as 
a substitute for traditional SMS. As Mxit sends and receives messages using packet-data, the cost 
per message is significantly less than that of SMS. Several political campaigns have leveraged the 
platform in an attempt to engage with South Africa’s youth. Two such campaigns are presented 
next.
Launched in May 2013, the African National Congress’s MvANC Mxit application aims to im
prove the party’s engagement with citizens [154]. The application, which primarily targets youth, 
has been downloaded over 717,000 times and as of November 2014 boasts over 430,000 active 
users, recently earning the ANC an award for “creating the largest political app on the so
cial networking site Mxit” [196, p.l]. In the months preceding the 2014 National Elections, the 
Democratic Alliance launched a Mxit-based strategy game aptly titled DemocraCITY. The game 
urged citizens to make strategic decisions relating to issues of governance, showing them how 
these decisions influenced the happiness of citizens within the game [173].
Interestingly, Mxit had until recently banned politically motivated campaigns from its plat
form, with the company maintaining that it “did not want to be seen to endorse any particular 1

1 Corruption Watch http://www.corruptionwatch.org.za/

http://www.corruptionwatch.org.za/


2.3. LOCAL CIVIC ENGAGEMENT PROJECTS 16

party’s policies” as Mxit was “purely an application for communication” [104, p.124]. Katz in 
his book, Mobile Communication: Dimensions of Social Policy, expressed surprise over Mxit’s 
initial stance, and argued that “by excluding politically themed chats and user-generated content, 
Mxit’s content policy curtailed opportunities for public participation on the most popular ‘new 
media’ platform in the nation” [104, p.124-125].

2.3.4 Lungisa

Lungisa, an isiXhosa word meaning “fix it”, is a project which “aims to make it easy for ordinary 
people to raise publicly, concerns they have about service delivery problems” [127, p.l]. Run 
by Cell-Life, the service is a free community monitoring and reporting tool, allowing the public 
to submit reports via SMS, USSD, e-mail, Facebook, Twitter and Mxit. Lungisa acts as an 
intermediary, forwarding reports to the correct municipal contacts or partners, along with the 
contact details of the individual reporting the complaint. Feedback is usually provided within 48 
hours, although as Lungisa is not a government operated service, they cannot guarantee that all 
reports will be attended to in a timely manner. Instead, Lungisa promise to “follow up persistently 
for you with the relevant government officials to make sure the problem you have identified is 
fixed” [125, p.l]. The service is currently available to residents of certain townships within the 
City of Cape Town, however, is soon said to be available elsewhere. As of November 2014 there 
had been 1,596 issues reported and 1,573 issues resolved, representing a fix rate of 98.6%. A 
breakdown of report types reveals that ‘Sanitation’ represents 16.8%; ‘Electricity’ represents 
14.5%; ‘Water’ represents 12%; while ‘Other’ accounts for 31.8% of all received complaints [126]. 
No information is provided as to how quickly reported issues were resolved.

2.3.5 Find & Fix

Find k. Fix (F&F) was launched in May 2014 by the Johannesburg Roads Agency (JRA) and 
allows citizens to report issues relating to the city’s road network, such as potholes, traffic light 
outages and missing signs [90, 206]. The service aims to improve service delivery by allowing 
the JRA to obtain more timely, accurate information relating to reported problems. This, they 
believe in turn, “will have an improved effect on service delivery over time” [101, p.l]. Classified as 
an IEE service (see Section 2.2.2), F&F forms part of internal efforts to streamline its operations 
as well as reduce the administrative burden of dispatching repair crews [169]. Reports are 
submitted using the F&F mobile application, however, support is limited to Android, iOS and 
Windows Phone platforms [101], thus excluding citizens with low-end handsets. Although the 
service is free, the application makes use of packet-data. In addition, citizens are required to 
register before first time use. In the five months following its launch, 5,728 citizens had signed 
up to use the service, reporting a total of 9,749 issues [129]. As with Lungisa, no information is 
provided as to how quickly issues are resolved, although initial feedback has been positive, with a
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journalist claiming “anecdotally I can say that the pothole outside my house, which stayed open 
for weeks, was fixed within 24 hours” [169, p.l].

2.4 International civic engagement projects
This section presents an overview of several ICT-based civic engagement projects deployed 
abroad. The Arab Spring uprisings are first introduced (Section 2.4.1), followed by TXT CSC 
(Section 2.4.2), FrontlineSMS (Section 2.4.3), Ushahidi (Section 2.4.4) and SeeClickFix (Section 
2.4.5).

2.4.1 T he Arab Spring

While not considered a civic engagement project per se, the Arab Spring is the term given to 
the mass of protests that swept through the Middle East during early 2011, ultimately resulting 
in the fall of four of the region’s most persistent dictators [92]. Each fell from power after 
unprecedented levels of protest, facilitated through the use of ICTs and social media networks, 
called for their dismissal. The democracy movement which began in Tunisia resonated with 
others across the region, soon inspiring Egypt, Libya and Yemen to follow their lead.
Traditional political actors, such as opposition parties and unions, did not spark the Arab Spring 
protests, instead it was young business owners, the urban middle classes, women’s groups and 
many others who had long been considered unsuccessful at traditional political organisation [92]. 
According to Howard and Hussain, “the groups that initiated and sustained protests had few 
meaningful experiences with public deliberation or voting and little experience with success
ful protests” [92, p.3]. Importantly, however, they were “politically disciplined, pragmatic and 
collaborative” [92, p.3].
Over the past decade access to ICTs has become relatively widespread throughout Egypt, which 
is now home to more than 17 million Internet users and 4 million Facebook users [201]. Among 
these are an estimated 160,000 bloggers, a third of which are politically focused [201]. ICTs and 
social media are said to have played two critical yet overlapping roles in facilitating the Arab 
Spring uprisings. Firstly, these platforms were leveraged for organisational purposes, such as 
arranging protests. Secondly, they offered an ideal medium through which to disseminate inform
ation, particularly to international audiences where protesters’ demands were published [201]. 
According to a March 2011 study, nine out of 10 Tunisian and Egyptian citizens used Facebook 
to create awareness and organise protests [93], proving that “information and communication 
networks can serve as powerful accelerators of social transformation” [201, p.2].
The Egyptian government’s attempt to curb the use of ICTs and social media was considered 
“unprecedented in Internet history” [201, p.2]. After having blocked both Facebook and Twitter
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(to little effect), the Egyptian authorities then ordered telecoms providers to block Internet 
access. As a result, 93% of the country’s networks and Internet addresses were shut down 
(201]. In response, citizens implemented workarounds such as the use of proxy servers, virtual 
private networks (VPNs) and Google’s Voice-to-Twitter applications (201], thereby allowing them 
to maximise use of the remaining Internet capacity. Although the mainstream media focused 
on micro-blogging as the driver behind the Arab Spring uprisings (calling them the “Twitter 
revolutions”), Stepanova argues that its role has been overemphasised, especially when compared 
to ICTs such as mobile phones, video sharing sites (e.g. YouTube) and satellite television (201]. 
Instead, ICTs collectively provided a medium through which citizens came to realise their shared 
grievances, ultimately leading to political change.

2.4.2 T X T  CSC

The Philippines, often referred to as “the text messaging capital of the world” (121, p.85], provides 
many examples of m-government services, several of which leverage the powerful simplicity of 
SMS. TXT CSC is a service launched by the country’s Civil Service Commission (CSC) which 
aims to monitor and improve the quality of government service delivery to the public (175]. 
Corruption, poor service quality or inappropriate civil servant behaviour may all be reported 
using SMS and will be dealt with appropriately, according to the CSC (163]. The commission is 
obliged to reply to queries within 24 hours and usually responds with a personalised SMS (163]. 
TXT CSC has also been used to conduct public service delivery audits, whereby citizens use the 
service to rate their satisfaction of public services (111]. The low cost of using TXT CSC as well 
as the convenience it provides are cited as the primary reasons for its success (56].

2.4.3 FrontlineSM S

Launched in 2005, FrontlineSMS is an open source application which allows any desktop com
puter to be turned into an SMS-based communication hub. The software was primarily developed 
for use by non-governmental organisations (NGOs) as a means to “lower barriers to positive social 
change using mobile technology” (53, p.l] by helping these organisations bypass potential com
munication obstacles. Once installed, contacts are added to create groups, which the application 
is then able to broadcast messages to and receive replies from, all via traditional SMS (174]. 
FrontlineSMS does not require an Internet connection and instead makes use of a Global System 
for Mobile Communications (GSM) modem. In the event that the host computer has Internet 
access, FrontlineSMS is able to leverage online bulk SMS providers, thereby further reducing 
costs.
FrontlineSMS was originally developed to help conservationists in South Africa’s Kruger National 
Park to engage and communicate with surrounding communities (174]. However, it has since been



2.4. INTERNATIONAL CIVIC ENGAGEMENT PROJECTS 19

used to assist the spread of information relating to malaria in Cambodia [100], provide weather 
information to subsistence farmers in Zambia [150], help protect children against violence in 
Benin as well as enhance the monitoring of national elections in Nigeria, Afghanistan and the 
Philippines [12,46,177]. More recently (September 2014) the application has been used to collect 
and disseminate information relating to the Ebola outbreaks in West Africa, informing the public 
about what the disease is, how to avoid it and how to prevent it spreading [58].

2.4.4 U shahidi

During the Kenyan election crisis of 2007, a media blackout meant that both local citizens and 
the outside world were unable to receive information about events unfolding on the ground. 
Ushahidi, a website created by a group of Kenyan activists, was developed in response and 
allowed citizens to submit (and receive) news reports via the Internet and SMS. This citizen 
journalism, made possible by ICTs and mobile phones, helped create an up-to-date overview of 
noteworthy events as well as a “time-indexed repository of reports” [166, p.59]. In addition, the 
service allowed reports to be geographically mapped in real-time, helping civilians avoid areas 
of conflict. While citizen reporting has the potential to be abused, Okolloh argues that “with 
enough volume, a ‘truth’ emerges that diminishes any false reports” [166, p.59]. Furthermore, the 
service allowed reports to be screened before being made public, hence reducing the likelihood 
of propaganda.
Since its initial deployment in Kenya and subsequent use in South Africa during the xenophobic 
violence in May 2008 [87], Ushahdi has been redesigned, enhancing its utility within humanitarian 
crisis situations [166]. In October 2008 the alpha version of the platform was launched in the 
Democratic Republic of Congo (DRC), in an attempt to cover the crisis unfolding in the eastern 
part of the country. While Ushahdi DRC received a large amount of international press coverage 
[40,134], its use by citizens was lower than anticipated [166]. The Ushahdi service has since been 
used by many other countries for disaster relief efforts [59, 139,195]. Examples include: assisting 
post-earthquake rescue efforts in Chile and Haiti [47,88]; helping prevent and manage forest fires 
in Italy [138]; as well as visualising the effects of the 2011 floods in Queensland, Australia [186].

2.4.5 SeeCIickFix

SeeClickFix (SCF) is a U.S.-based service which allows residents to report non-emergency con
cerns to their local government via smartphone application (supporting Android, iOS and Win
dows Phone) or the SCF website [192]. Launched in 2008, the primary goal of the service is 
simply: “to alert governments of issues that need to be fixed in the community” [140, p.3]. 
Traditionally, telephone and e-mail correspondence are used when reporting problems to local
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municipalities within the United States. While municipalities recognise these forms of commu
nication, residents seldom receive acknowledgement of their reports, or whether they are being 
attended to [140]. This disconnect between the public and local municipalities regularly results 
in one-directional reporting, with the absence of any feedback mechanisms [140]. SCF attempts 
to address this by depicting reported issues in a transparent way, using a Google Maps mash-up, 
hopefully encouraging local governments to increase their accountability and responsiveness [140]. 
Residents are automatically informed about progress changes relating to their reports, thus en
abling bidirectional reporting and “allowing for a full feedback cycle” [140, p.2]. SCF offers the 
delivery of basic e-mail reports at no cost to municipalities. More than that, municipalities are 
required to pay a monthly fee (from US$40 to US$400) depending on their subscription type.
SCF has been criticised for initially directing all of its attention towards citizens and none 
towards collaborating with municipalities [140]. The service was launched across the United 
States without prior knowledge of local governments, with the developers instead harvesting 
16,000 email address from municipal websites. Citizen reports were then sent to these e-mail 
addresses [140]. A key problem to this approach was that:

“In some localities, the report e-mails go to e-mail accounts that are not mon
itored, are ignored or marked as spam. The result is that citizens perceive their local 
governments as unresponsive and in turn public servants were surprised once they 
heard about their citizen complaints.” [140, p. 15]

Some municipalities even went so far as to see it as a ‘guerrilla tactic’ which purposefully tried 
to make them look incompetent. Recent studies have highlighted government buy-in as a critical 
success factor for successfully implementing ICT related projects [27], thus helping avoid an ‘us 
versus them’ scenario.

2.5 M obile technologies

The civic engagement projects described in Section 2.3 and Section 2.4 derive benefit from a 
variety of different ICTs. This section provides an overview of some of these technologies, in
cluding SMS, SMS gateways, unstructured supplementary service data (USSD), representational 
state transfer (REST) and JavaScript object notation (JSON).

2.5.1 Short M essage Service (SM S)

Until recently (2006), SMS was the most widely used form of electronic communication [8]. 
The service is supported by all GSM handsets and most mobile networks worldwide, allowing
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subscribers to send and receive alpha-numeric messages of up to 160 characters in length [118]. In 
its most basic form, the architecture of an SMS-enabled mobile network consists of two additional 
elements: an SMS centre (SMSC) and an e-mail gateway. In addition, a short message entity 
(SME), usually taking the form of an application running on a mobile handset, is required for 
sending, receiving and storing messages. The primary role of the SMSC is to relay messages 
between SMEs as well as storing undelivered messages until offline SMEs become available (or 
the message’s validity period expires). The e-mail gateway converts messages from SMS to e-mail 
and vice versa, as well as acting as an intermediary between SMS and Internet domains [118].
A considerable amount of literature describes investigations into how and why people make use 
of SMS [11,42,73,74,80,189,205]. Proponents of the service cite its low cost, ease of use, relative 
confidentiality, delivery confirmations and immediate dissemination of information as its major 
advantages [8,74]. Additionally, the inclusion of SMS support into even the most basic handsets 
has helped position it as the de facto messaging standard, making it an important communication 
channel for civic engagement projects to leverage. Although the total number of SMS messages 
sent worldwide during 2013 declined for the first time since its inception, a noteworthy 7.7 trillion 
messages were predicted to be sent during last year (2014) alone [55].

2.5.2 Short M essage Service (SM S) gatew ays

Considered by some to be the quickest and most reliable way to send a large volume of text 
messages [103], an SMS gateway allows a computer coupled with a GSM modem to send and 
receive SMS messages via a mobile network. Additionally, SMS gateway services are available 
through Internet-based bulk SMS providers, who deliver messages on behalf of their customers. 
During the transmission of an SMS, the message is first relayed from an SMS gateway to the 
mobile operator’s SMSC. From here the message is forwarded on to its destination SME. Should 
the destination mobile subscriber be unavailable (for example, their mobile phone is switched-off 
or has no network reception), the SMSC will store the message until the subscriber is available or 
until the message’s validity period expires, thereby providing a ‘store and forward’ mechanism. 
SMS gateway providers are classified as either aggregator or Signalling System No. 7 (SS7) 
providers. Aggregator providers do not have direct access into the SS7 protocol (the protocol 
whereby SMS messages are exchanged) and therefore have limited visibility and control over 
message delivery [103]. SS7 providers are afforded direct access, and are therefore able to offer 
message delivery guarantees [103]. A selection of open and closed source SMS gateway solutions 
exist, two of which are briefly described next.

Kannel Kannel is an open source2 Wireless Application Protocol (WAP) and SMS gateway for 
GSM networks [102]. The project is compatible with a variety of different GSM modems3 and

2Kannel Repository http://redm ine.kannel.org/projects/kannel/repository
3Kannel Compatibility http://www.kannel.org/compatibility.shtml

http://redmine.kannel.org/projects/kannel/repository
http://www.kannel.org/compatibility.shtml
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allows the details of each SMSC protocol to be abstracted, thereby simplifying the deployment 
of SMS-bascd services [48]. Kannel only offers support to Linux operating systems, however, the 
source code may be complied to run on Windows 9x/NT systems using Cvgwin tools4.

M O BITEK  The MOBITEK SMS gateway is a proprietary combination of hardware and soft
ware developed by the Taiwanese company MOBITEK System0. The MOBITEK S63 GSM 
modem (pictured in Figure 2.3) comes bundled with an SMS gateway development kit, allowing 
developers to create SMS gateway services or integrate SMS functionality into existing applic
ations [147]. The MOBITEK SMS Application Programming Interface (API) enables access to 
the modem’s functionality such as initialisation, sending SMS messages and disconnecting from 
the mobile network. As the API is provided as a dynamic-link library (DLL) file, developers 
may access it using any programming language which is compatible with Microsoft’s Component 
Object Model (COM) binarv-intcrfaec standard [147]. Only Microsoft’s Windows XP operating 
system and above arc currently supported.

Figure 2.3: MOBITEK S63 GSM modem

2.5.3 U nstructured Supplem entary Service D ata  (U SSD )

Unstructured Supplementary Service Data (USSD) is a protocol implemented by GSM networks 
which allows mobile subscribers to communicate with their network operator’s computer systems. 
While traditional SMS messages arc limited to 160 characters, USSD messages may contain up 
to 182 characters and as with SMS, arc handset independent. Unlike SMS messages, a real
time connection is created between the subscriber’s handset and mobile network when sending 
USSD messages, allowing for a more interactive experience. To this end, USSD is known as a 
session-based protocol [178]. Sessions arc usually charged at R0.20 per 20 seconds by network 1

1Cygwin lit.t.p://www.cygwin.com/
“M OBITEK System lit.t.p://www.mobitek-system.com/

http://www.cygwin.com/
http://www.mobitek-system.com/
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operators within South Africa [72], making USSD unaffordable to some users. Nonetheless, USSD 
is leveraged by both Lungisa and Ushahidi projects [124, 128].

2.5.4 R epresentational sta te  transfer (R EST )

The concept of REST was first proposed by Roy Fielding in his Ph.D. dissertation and is described 
as a “way of judging architectures” [45, 182]. Several architectures are considered RESTful (and 
would score highly when judged according to Fielding’s criteria), however, those of particular 
interest relate to the provision of web services or are resource orientated [182]. The REST 
architectural style is based on how the web works, making use of the Hypertext Transfer Protocol 
(HTTP) and Uniform Resource Identifies (URIs), with each unique URI representing an object 
(otherwise known as a resource) [62].
Interactions between clients and objects take place using HTTP verbs such as GET (to fetch an 
object), POST (to create an object), PUT (to update an object) or DELETE [62]. REST stipulates 
that developers should use HTTP verbs explicitly and as defined by RFC 2616 [184]. Similar 
to the HTTP protocol, RESTful web services are stateless and can therefore leverage HTTP 
cache and proxy servers, helping manage high traffic volumes and allowing improved scalability
[62]. Although REST is not tied to any particular technology, a paper published by IBM titled 
RESTful Web services: The basics suggests that proper implementation of a RESTful web service 
should [184]:

• make explicit use of HTTP methods;
• be stateless;
• expose URIs as directory structure-like; and
• transfer XML and/or JavaScript Object Notation (JSON).

While traditional web services are considered to be “memory and processor intensive” [30, p.628], 
RESTful web services are lightweight, easy to invoke and quickly parsed [30], making them well 
suited to mobile environments. As RESTful web services leverage existing technologies, no 
specialised tools are required for development.

2.5.5 JavaScript object n otation  (JSO N )

Described as the “fat-free alternative to XML” [34], JSON is a lightweight, human readable 
data-interchange format used to serve data between web applications and server [198]. Recent 
studies have shown JSON to offer significant performance improvements over data formats such as
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XML [162], making it well suited to low-powered mobile devices [57]. In addition, JSON objects 
are significantly smaller than equivalent XML objects due to their terse structure (see Listing 1) 
and minimal operational overhead [162]. Furthermore, JSON is language independent, making 
it suitable for use across a wide variety of platforms [33]. Critics of the format, however, draw 
attention to its lack of namespace support, minimal input validation and limited extensibility 
as drawbacks [162]. Crockford, a programmer having popularised JSON, has since refuted these 
claims [34].
Listing 1 A simple JSON object describing the encoding of a name (adapted from [162])
{ " f i r s tn a m e " :  "Jo h n ",

" la s tn am e"  : "Doe"
}

2.6 M obile-optim ised websites

With only 10% of South African households having fixed access Internet connectivity [199], 
many citizens are turning to their mobile phones for web access. Although mobile Internet 
access provides unprecedented flexibility and convenience, limited device resources coupled with 
expensive data tariffs present an array of challenges [216]. As most Internet content is designed 
for consumption using traditional desktop computers, it is ill-suited for older mobile handsets 
[216]. Although smartphones offer a much improved browsing experience when compared to their 
older counterparts, they only represented 30% of the installed user base within South Africa by 
2015 [78],
The Wireless Application Protocol (WAP) 1.0 specification, introduced in April 1998, aimed 
to offer a solution to ‘mobile-friendly’ web content by providing a “single global standard for 
wireless data access for all hand-held mobile devices” [133, 171, p.98]. Ultimately, however, 
WAP failed to reach mainstream success with critics blaming its poor user experience (UX) 
[107, 109, 209], lack of end-to-end security [7], inappropriate revenue model [109] and flawed 
marketing approach [146]. One critic went so far as to label WAP as Wrong Approach to 
Portability [155]. As a result, mobile-optimised websites (leveraging existing web specifications 
and technologies) emerged, filling the role which WAP struggled to perform.
While Schmiedl, Seidl and Temper maintain that “the latest generation of mobile phones are 
reasonably suited to browse the full web” [190, p.71], they conclude that most users prefer and 
benefit from mobile-optimised web content. To this end, mobile-optimised websites are often 
provided alongside traditional websites, in an attempt to improve a user’s browsing experience 
[190]. Of the civic engagement projects presented in Sections 2.3 and 2.4, only Ushahidi offers a
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mobile-optimised website, allowing users with low-end handsets to aeeess the service and upload 
reports.

2.7 M obile applications

Mobile applications, or apps, arc installable native computer programmes designed to run on 
smartphones, tablets and other portable devices. They offer noteworthy advantages over tra
ditional browser-based services, such as deeper integration with the host device and improved 
performance. However, often at the expense of platform support and increased implementation 
effort [210]. This section presents an overview of native mobile applications as well as cross
platform mobile frameworks.

2.7.1 N ative applications

A multitude of different mobile platforms exist, each with their own set of APIs, design guidelines 
and implementation languages [210]. Native mobile applications inherently target a single plat
form, making them incompatible with other mobile operating systems. While these applications 
offer an unsurpassed overall user experience, they arc often eitied as being the most complex 
and expensive to develop [28,210]. In addition, a diverse skill set is required to fully support the 
abundance of mobile platforms available today, as illustrated by Table 2.1. Differences amongst 
platform specific software development kits (SDKs) further adds to this complexity [28]. As an 
alternative, a variety of cross-platform frameworks exist which aim to abstract platform specific 
details and reduce the unnecessary duplication of work. A comparison of these frameworks is 
presented next.

Mobile platform Skill set required
Apple iOS Objective- C

Google Android ■ Java (Harmony flavoured)
RIM BlackBcrry ■ Java

■ Java ME J2ME
Windows Phone Q-ff.

Table 2.1: Language skill set required (adapted from [28])

2.7.2 Cross-platform  m obile frameworks

As reflected by Hcitkottcr, Hansehkc, Majehrzak, “the market of mobile operating systems for 
smartphones is fragmented and rapidly changing” [86, p.120], requiring developers to redevelop 
the same application for each platform they wish to target [170]. Cross-platform frameworks
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aim to address this by allowing a single codebase to be compiled to run on multiple different 
platforms. Table 2.2 shows that available solutions are plentiful and while some merely act 
as a ‘wrapper5, running the application in a Webview component (accessing device hardware 
features programmatically through HTML5), others compile the codebase into multiple natively 
installable applications. The latter technique often results in improved, more fluid performance 
as applications are not hindered by the Webview’s rendering capabilities or JavaScript interpreter 
[28,86].
In recent years there has been an increasing amount of literature covering cross-platform mobile 
development, however, studies have yet to identify a single ‘best5 solution [28,81,86,165,170]. 
An overview of three cross-platform mobile frameworks are presented next. These frameworks 
were chosen due to their expansive platform support and use of Java programming language, 
sidestepping the need for the researcher to learn platform specific languages.

Codename One

Codename One (CN1) is a collection of mobile application development tools used to simplify 
the often complex and fragmented task of targeting multiple mobile platforms. The framework 
is open source and allows developers to create native applications for Android, BlackBerry OS, 
iOS, Java ME and Windows Phone platforms, from a single shared codebase. Applications 
are written in standard Java 5 with user interface (UI) construction taking place in the CN1 
designer or programmatically, using code [5]. An interactive simulator conies bundled with the 
CN1 framework and accurately emulates the supported platforms, allowing developers to rapidly 
prototype and debug applications. A default selection of device ‘skins5 are pre-installed with the 
simulator, providing an accurate preview of how the application will appear when running on 
a particular device/platform combination. Additional skins may be downloaded as new devices 
become available [5].

Figure 2.4: Codename One (CN1) cross-platform framework (taken from [5])
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Framework License Programmed in Supported platforms
Akula Commercial Visual Android, BlackBerry, iOS, 

Windows Phone
Application Craft Commercial HTML, CSS, JavaScript Android, BlackBerry 10, 

iOS, Windows Phone
Codename One Open source and commercial Java Android, BlackBerry, iOS, 

Java ME, Windows Phone
Corona Commercial JavaScript Android, iOS, Kindle, 

Windows Phone
J2ME Polish Open source and commercial Java ME, HTML, CSS Android, BlackBerry, iOS, 

Java ME, Windows Phone
Flash Builder Commercial Flash Android, BlackBerry 

Tablet OS, iOS ‘
Feedlienry Commercial HTML, CSS, JavaScript Android, iOS, HTML5, 

Windows Phone
Kony One Commercial HTML, CSS, JavaScript, RSS Android, BlackBerry, iOS, 

Java ME, Windows Phone
LiveCode Commercial English-like Android, iOS
M2Active Commercial Drag and Drop — Lua Android, BlackBerry, iOS, 

Windows Phone
MobiForms Commercial Drag and Drop — MobiScript Android, iOS, PC, 

Windows Mobile
MoSync Open source and commercial C/'C— , HTML5'"JavaScript Android, BlackBerry, iOS, 

Java ME, Windows Phone
NeoMAD Commercial Java Android, BlackBerry, iOS, 

Java ME, Windows Phone
Orubase Commercial ASP .NET Android, iOS, Windows 

Phone
PhoneGap Open source HTML, CSS, JavaScript Android, BlackBerry 10, 

iOS, Windows Phone
Qt Open source and commercial C— Android, BlackBerry 10, 

iOS, Sailfish OS ‘
Rhodes Open source and commercial Ruby, HTML, CSS, JavaScript Android, BlackBerry, iOS, 

Windows Phone
Titanium Open source JavaScript Android, iOS, Tizen, 

Mobile Web
trigger.io Commercial HTML-3, JavaScript Android, iOS, Windows 

Phone
webinos Open source JavaScript Android, BlackBerry, iOS
webMethods Commercial Java ME Android, BlackBerry, iOS, 

Windows Phone
Xamarin Commercial C/," Android, iOS, Windows 

Phone
XDK Free HTML, CSS, JavaScript Android, iOS, Windows 

Phone, Windows RT

Table 2.2: Identified cross-platform mobile frameworks (adapted from [210])
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CN1 is provided as an installable plug-in and supports NetBeans, Eclipse and IntelliJ integ
rated development environments (IDEs). Unlike traditional mobile application development, 
CN1 avoids the need of having to install multiple different platform SDKs, instead performing 
all application builds on the company’s build-server (see Figure 2.4). The build-server produces 
platform-specific applications from the Java bytecode, ready to be installed on physical devices. 
While this approach may seem restrictive at first (as an Internet connection is required to per
form builds), applications may be previewed offline, using the CN1 simulator [5]. Although the 
framework is open source and available at no cost, free users are limited to 100 builds per month. 
Should developers require more, a variety of different subscriptions are available ranging from 
US$19 to US$399 per month, per developer6. Support is provided via an active online discussion 
forum, while Pro and Enterprise subscribers in addition have access to e-mail support. Windows, 
Mac OS X and Linux operating systems are supported [5].

J2ME Polish

J2ME Polish comprises a collection of tools and technologies used for developing ‘polished’ J2ME 
applications. First released in 2004 by Enough Software, J2ME Polish is available under both 
GPL open source and commercial license [210]. The framework contains a variety of different 
modules, each focusing on a specific feature (Lush, for example, which allows developers to 
design attractive UIs outside of the application’s source code, while Touch, enables access to 
server side content and communication with clients). The module responsible for transcoding 
J2ME applications to different platforms is known as Janus, and like CN1, allows developers to 
create Android, BlackBerry OS, iOS, Java ME and Windows Phone applications. Janus ports 
J2ME applications to Android and BlackBerry platforms automatically, while additional porting 
services (provided by Enough Software, for a fee) are required when targeting iOS and Windows 
Phone [41]. Since J2ME Polish is based on Ant, it is compatible with most popular IDEs. The 
framework is available for both NetBeans and Eclipse as installable plug-ins. Development is sup
ported by any Java-enabled operating system and applications are written using a combination 
of Java, HTML and CSS [41]. No device simulator is provided.

NeoMAD

NeoMAD is a proprietary framework allowing developers to target a selection of mobile platforms 
from a single codebase. As shown in Figure 2.5, NeoMAD applications are written in Java 5 and 
XML, which is then compiled to produce installable Android, baba, BlackBerry OS, iOS, Symbian 
and Windows Phone applications [153]. The framework provides a generic API with native UI 
controls for each platform. Platform-specific code may be used within the Java codebase in the

6Codename One: Pricing http://www.codenameone.com/pricing.html

http://www.codenameone.com/pricing.html
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event that specific functionality is not provided by the API [39]. The framework includes tools 
for debugging as well as simulating applications. On-dcvicc debugging is also provided, allowing 
for the step-bv-step execution of application code on a physical handset.

Figure 2.5: NeoMAD cross-platform framework (taken from [153])

NeoMAD offers improved low-level support when compared to the previously mentioned frame
works, such as providing access to a device’s Bluetooth™ radio as well as sending and receiving 
SMS messages. Although NeoMAD docs not require an Internet connection, the SDK of each 
targeted platform needs to be installed on the development workstation. In addition, unlike 
CN1, application UIs arc constructed programmatically using either .Java or XML code. Fur
thermore, the free version of the framework allows developers to target Android and iOS only, 
while targeting all platforms requires a subscription costing EUR 999 per year, per developer ' . 
Windows and Mae OS X operating systems arc supported.

2.8 Visualisation
“The purpose of visualization is insight, not pictures.” Ben Shneiderman [25, p.6]

Defined as “a graphical representation of data or concepts” [213, p.2], visualisation aims to solve 
one of today’s most fundamental human-computer interaction (HCI) problems: information 
overload [26]. Yet choosing how to best visualise data so that it conveys meaning to the user is 
no easy task. As ICTs have become more widespread the amount of accessible data has increased 
dramatically, placing greater emphasis on the importance of well chosen visualisation techniques. 
Further still, resource-contrived mobile handsets pose a significant challenge when implementing 
visualisations, primarily due to their limited display size and scarce memory [29]. The different 
contexts in which these devices arc used results in additional burden when designing mobile 
visualisations [29].

' NeoMAD: Pricing littp ://neom ades.com /en/pricing
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In their book titled Information Visualization: Using Vision To Think, Card, Mackinlav and 
Shneiderman maintain that visualisations assist users in understanding large datasets by making 
important patterns emerge, thereby allowing them to make complex decisions and identify areas 
which need further investigation [25,217]. Larkin and Simon demonstrated that visualisations (in 
the form of diagrams) help amplify cognition [112]. Similarly, Chittaro argues that visualisations 
on mobile devices assist with problem solving, allowing users to reach better decisions in less 
time. In addition, properly incorporated visualisation techniques have been shown to make 
mobile applications more intuitive, useful and productive [29]. The remainder of this section 
provides an overview of visualisation principles (Section 2.8.1), techniques (Section 2.8.2) and 
tools (Section 2.8.3). Comparisons between mobile and traditional visualisations are also made.

2.8.1 V isualisation  principles

Traditionally, visualisations have been divided into two distinct categories: scientific visualisation 
and information visualisation. While scientific visualisation involves data of natural phenomena 
(such as a map indicating population density), information visualisation concerns itself with the 
presentation of more abstract data (such as financial figures or business data) which does not 
have any inherent spatial mapping [25,26, 197, 212]. In addition, different types of data exist: 
numerical, ordinal and categorical data [197]. While data is often numerical in nature, this is 
not always the case. Ordinal data represents things which may be naturally ordered, such as 
months of the year. Conversely, categorical data has no order such as the names of countries.

Data type taxonomy

Having a clear understanding of different data types helps designers construct appropriate visu
alisation solutions which are representative of their underlying data. Thomas and Cook highlight 
the importance of this, stating: “A visualisation’s quality is directly affected by the quality of the 
data representation underlying the visualisation” [204, p.12]. There are a variety of data type 
taxonomies proposed by different authors. Shneiderman provides a detailed taxonomy consisting 
of seven different data types which are defined as [194]:

1- dimensional. Otherwise known as ID or linear data, examples of 1-dimentional data includes
single scalar quantities such as a person’s height or document text.

2- dimensional. 2D data, also known as a planar data, often takes the form of geographical
maps. Geographical information systems make extensive use of this data type.

3- dimensional. Real-world objects such as buildings and biological molecules are represented
by 3D data. A sphere is the most basic representation of a 3-dimensional object.
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Temporal. This data type includes any of the previously mentioned types with an added time 
component which is used to explore data behaviour as time passes. Examples may be found 
in audio editing software.

Multi-dimensional. Higher-order data types contain more than 3-dimensions. Database data 
is often manipulated as multi-dimensional data. Relational database tables serve as a 
suitable example.

Tree. Also known as hierarchy structures, trees are groups of items where each item (excluding 
the root node) is linked to one parent item. These links as well as the items themselves 
may contain attributes.

Network. At times relationships between items cannot be depicted using a tree structure. Net
work structures are used to represent items connected to a collection of other items.

Although Ware provides a similar taxonomy, he approaches the topic more cautiously by arguing 
that “the classification of data is a big issue”, and proposes that his classification is “not especially 
profound or all encompassing” (213, p.25]. Similarly, Shneiderman maintains that his taxonomy 
reflects “an abstraction of (...] reality” (194, p.4]. To this end, data classifications exist primarily 
to facilitate discussion surrounding their use, thus helping to lead to new discoveries. Keller and 
Keller as well as Keim define similar data type taxonomies, the details of which may be found 
in (1061 and f105l-

Visual variables

In order to effectively communicate information through the use of visualisations, a thorough 
understanding of graphics primitives and their associated properties is required (212]. Visual 
variables are the differences in graphics primitives as detected by the human eye. Ward, Grinstein 
and Keim have identified eight fundamental visual variables which may be used to encode visual 
information. These visual variables are an extension to those originally defined by Jacques Bertin 
in his seminal paper Semiology of graphics: diagrams, networks, maps, and include (13,212]:

Position. Defined as the “first and most important visual variable” (212, p.137], position is the 
placement of marks within a specified display area. As users notice the spatial arrangement 
of a visualisation first, position is considered to have the most impact.

Mark. Visualisation data is represented by graphic primitives known as marks, of which there 
are four basic types: points, lines, areas and volumes. A variety of graphical objects may 
be used to represent marks including letters, words and symbols.
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Size. This visual variable describes how small or large a mark will be drawn. Changes in size 
do not translate equally well to all marks, and designers need to be aware of this during 
visualisat ion const ruet ion.

Brightness. Otherwise known as luminance, this visual variable can be used to “provide relative 
difference for large interval and continuous data variables” [212, p.142]. Special attention 
needs to be paid when specifying this variable, as not all brightness value pairs arc easily 
distinguished by the human eve.

Colour. This visual variable is defined by a combination of two parameters: hue and saturation. 
Data values arc mapped onto individual colours (using colour maps) in order to correctly 
display information.

Orientation. Also known as direction, this property specifics how a mark is rotated in relation 
to a data variable. This visual variable cannot be used with all marks (such as dots) and 
those with a natural single axis arc best suited.

Texture. Texture can be thought of as a “combination of many of the other visual variables” 
such as marks, colour as well as orientation, and is usually associated with polygons, regions 
or surfaces [212, p.145].

Motion. The final attribute, motion, displays information based on how a variable changes 
over time. Motion can be used in combination with any of the previously mentioned visual 
variables.

The effectiveness of a visualisation depends on how suitably these eight visual variables arc 
combined to convey information. As such, visualisation designers need to bear in mind the 
limitations of the human perception system by carefully selecting visual variable parameters 
[212]. Interestingly, certain visual variables trigger pre-attentive processing, thereby enabling the 
low-level human vision system to detect them rapidly and accurately with very little cognitive 
effort [82].

Figure 2.6: A pre-attentive visualisation (taken from [82])
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The circle contained in Figure 2.6, for example, is found effortlessly within the group of squares 
as a result of pre-attentive processing.

Stages of visualisation

The modern visualisation process is a highly dynamic one, with control over virtually all stages 
being relinquished to the user. In an attempt to better understand the visualisation process, 
Ware has divided it into four basic stages, as illustrated in Figure 2.7. The entire process is 
self-contained and includes a variety of feedback loops.

Data Exploration

Human
Information

AnalystPreprocessing & 
Transformation

V i s u a l  a n d  

C o g n i t i v e  

P r o c e s s i n g

Figure 2.7: The stages of visualisation (taken from [213])

Each of the four stages are defined as [213]:

1. The gathering and storing of data.
2. Pre-processing transforms data into something more manageable.
3. Selected data is then mapped into a visual representation (which is then usually displayed 

as an image on a screen).
4. Finally, the human pereeivers visual and cognitive system process the displayed image.

The first stage, data gathering, is considered to be the longest feedback loop. Here the user 
collects as much data as deemed necessary. Next, the collected data is transformed in such a 
way as to reveal its underlying meaning, bringing to light new information. This may involve



2.8. VISUALISATION 34

the system searching through a vast amount of data in an attempt to find a particular subset of 
this data. During stage three, the selected data is finally visualised and presented to the user. 
In addition, the entire visualisation process may be interactive in nature. The data gathering 
feedback loop is affected by both the social and the physical environment. While the physical 
environment represents a data source in itself, the social environment determines in a subtle yet 
intricate way what data is gathered and how the gathered data is then interpreted [213].

Visualisation interactivity

An important feature in many visualisations is interactivity, as it provides a means for users to 
directly engage with the visualisation process. Often there is a need to visualise more data than 
is able to fit on a single screen. At other times, in order to better understand visualisations, 
users need to vary the data-to-image mapping. Interactive visualisations achieve this by allowing 
users to modify several parameters, such as colour, orientation, size and visualisation type, in 
real-time. Should the interact-visualize-observe feedback loop iterate quickly enough, a user 
feels the sensation of ‘navigating’ through a visualisation. This sensation has been shown to 
strongly encourage and support the exploration process, thereby helping reveal the underlying 
information [202].

Visualisation and cognition

A 1987 study by Larkin and Simon demonstrated why suitably chosen visualisations have the 
potential to amplify human cognition, thus leading to more effective problem solving [112]. In 
their paper, the authors compare the performance of participants solving mathematics and phys
ics problems using visual representations versus text-based representations. Particular attention 
is given to the amount of cognitive effort required when performing search, recognition and in
ference tasks. The study concludes that diagrams help aid cognition in three fundamental ways. 
Firstly, excess amounts of searching is avoided as information that is used together is often 
grouped together. Next, search and working memory load is reduced as location is used to group 
an element’s information instead of symbolic labels. Finally, humans automatically find many 
of the perceptual inferences triggered by visualisations inherently easy to understand [112] .

Mobile versus traditional visualisation

Mobile devices present unique constraints compared to that of traditional desktop computers, 
such as limited display size and variety of usage contexts [29]. Consequently, designers cannot 
simply port existing visualisations without first understanding the peculiarities and limitations 
which mobile devices pose. Chittaro in his paper Visualizing information on mobile devices
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provides a list of mobile device limitations, which serves as a useful reference during mobile 
visualisation design. When compared to desktop computers, mobile devices generally have [29]:

• limited displays (small size, low resolution, low bit depth);
• different aspect ratios (traditional desktop computers are usually 4:3 or 16:9);
• less powerful hardware (CPU, memory, buses, GPU);
• inadequate input peripherals for complex tasks (small keypad, rollers, mini-joysticks);
• differing input techniques (one-hand thumb-based input, keypad, touch screen);
• slower, less reliable connectivity (affecting interactivity of applications);
• massive differences in form factors, performance and input techniques across different 

devices; and
• few powerful, high-level graphics APIs and libraries.

Although there have been noticeable improvements in many of these areas in the eight years 
since the paper’s publication, several of the author’s observations still ring true. Especially 
when considering feature phones and low-end smartphones. Chittaro highlights this, noting: 
“From a purely technical point of view, developing visualisations on mobile devices will become 
easier due to on-going improvements such as new, possibly standard APIs and more powerful 
devices” [29, p.9].
In addition, the author provides a brief list of complications introduced as a result of the different 
contexts in which mobile devices are used. These complications include the extreme variability of 
the physical environment (for example, bright lighting making information difficult to decipher); 
the need for new and different applications which are not currently suitable for use in a mobile 
context; the reduction in cognitive resources that users are able to devote to tasks performed in a 
mobile context; as well as the simultaneous use of mobile devices and other activities resulting in 
possible safety issues [29]. As such, it is imperative that mobile applications convey the necessary 
information as quickly as possible. Mobile visualisations are seen as an ideal tool for this as they 
enhance the acquisition of information in less time than other methods [25].

2.8.2 V isualisation  techniques

Datasets can be visualised through a variety of different visualisation techniques, from standard x
v plots, line graphs and bar charts to more elaborate and sophisticated graphing techniques [105]. 
Additionally, there are several ways in which to classify these visualisation techniques: based on 
the underlying data structure; based on the display dimension; or based on the tasks which are 
to be performed [43].
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Classifications of visualisation techniques

Keim provides a detailed classification of visualisation techniques, dividing them into five distinct 
categories: [105]:

1. Standard 2D/3D displays, such as x-v plots and bar charts.
2. Geometrically transformed displays, such as landscapes and scatter plot matrices.
3. Iconic displays, such as those making use of different icons.
4. Dense pixel displays, such a recursive pattern and graph sketches.
5. Stacked displays, such as dimensional stacking or tree maps.

Favvad, Vierse and Grinstein provide an alternative classification of visualisation techniques 
based on “whether their focus is geometric or symbolic, whether the stimulus is 2D or 3D, or 
whether the display is static or dynamic” [43, p.29]. Geometric representations often result in a 
physical model or simulation, and are used when the underlying dataset contains fields, which 
may be conveniently mapped to the axes of a Cartesian coordinate system. Such visualisations 
usually make use of scatter plots, lines, surfaces or volumes. Symbolic visualisation techniques 
focus on displaying the relationship amongst non-numeric data items through the appropriate 
use of pixels, icons and graphs. The network graph shown in Figure 2.8 serves as an example. 
With both geometric and symbolic representations, the final visualisation can be rendered into 
either 2D or 3D space. Finally, depending on how data are presented, visualisations can be either 
static or dynamic in nature, with the latter encouraging user interaction thereby helping uncover 
new information [43].
Although the above classifications serve as a useful guide, the authors emphasise that not all 
techniques fit neatly into a single category, stating that “many displays are hybrids of various 
techniques” [43, p.30].

Tasks in visualisation

Users interact with visualisations in order to extract insight and meaning from the data at hand. 
As every visualisation has its own set of potential tasks, a complete overview of all of tasks would 
be unimaginable [26]. Instead, Shneiderman provides a collection of seven abstract tasks which 
users perform. Collectively, they attempt to model the behaviour a user would follow when 
trying to extract insight and meaning from datasets [194]:

Overview. Gain an overview of the entire collection. For example, utilising a fish-eve strategy 
when browsing networks.
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Figure 2.8: A network graph (taken from [85])

Zoom. Zoom into interesting items, thereby gaining a more detailed view. For example, clicking 
and holding down a mouse button to enlarge a portion of the display.

Filter. Reduce search size by allowing uninteresting items to be filtered out. For example, 
dynamic queries that arc executed via buttons or sliders.

Details-on-demand. Get details when needed by selecting an item or item group. For example, 
a pop-up dialogue can display the details of a selected item.

Relate. View the relationships which exist among items. For example, select an item that is 
then able to show all other items which arc somehow related to it.

History. Store a history of past actions which allow a user to undo, replay and make progressive 
refinement. For example, allowing a mistake to be undone.

Extract. Allow items or data to be extracted in a file format suitable for facilitating other uses, 
such as printing, sending via e-mail or importing into other applications.

Shneiderman proposes that a combination of these tasks should be supported by visual explora
tion applications for them to be considered effective [194].

2.8.3 V isualisation  tools

This section introduces a selection of visualisation tools and libraries. The Google Charts API 
is first presented (Section 2.8.3), followed by Flot (Section 2.8.3) and AChartEngine (Section 
2.8.3).
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Google Charts

Google Charts allows developers to visualise data, providing a variety of different visualisation 
types. The service consists of two different plotting solutions, both of which will be described 
next.

Image charts Initially developed for internal use by Google, the Image Chart API was first 
made public in 2007 and allows developers to dynamically generate charts using specially format
ted URIs. Charts take the form of a Portable Network Graphics (PNG) file, which is returned 
by the Google Chart API in response to an HTTP GET or POST request (63]. The returned 
image may then be embedded directly into a web page or application, or cached for subsequent 
offline use. As all processing is performed on Google’s servers there is no overhead associated 
with rendering image charts, making it an attractive option for use on power-contrived mobile 
devices. Although image charts do not offer the interactive functionality which newer JavaScript- 
based charts provide, they have a distinct advantage when it comes to portability. While many 
entry-level handsets lack full JavaScript support, their ability to load and display image files 
is virtually guaranteed. In addition, image files are likely to occupy less memory than their 
equivalent JavaScript-based charts, as local charting libraries are not required. The Image Chart 
API supports many different chart types, including pie charts, bar charts, line charts and Venn 
charts, amongst others.

Interactive charts The interactive charts library allows developers to dynamically create 
JavaScript-based chart visualisations. Charts are loaded using the provided ‘boilerplate’ JavaS
cript code8, which is embedded into a web page or Webview component (65]. The required Google 
Chart libraries along with the data to be visualised also need be loaded (65]. A variety of chart 
types are provided by Google, with each being exposed as a separate JavaScript class (65]. As 
all chart rendering is performed locally there is additional processing overhead when compared 
to Google’s image charts. Support is limited to JavaScript-compatible devices thereby excluding 
low-end handsets where full JavaScript is not provided. Memory consumption is also increased 
when compared to image charts, as a result of the chart libraries which need to be loaded. Inter
active charts do, however, potentially offer a more engaging user experience, thus increasing the 
understanding of presented data as well as its usefulness (217]. Google’s interactive charts have 
been used in civic engagement projects such as the USAID funded Afghan Civic Engagement 
Project which aims to enable “greater governmental transparency and accountability” (99].

®Google Charts: Quick Start http://developers.google.com/chart/interactive/docs/quick_start

http://developers.google.com/chart/interactive/docs/quick_start
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Flot

Described as a “pure JavaScript plotting library for jQuerv” [114, p.l], Flot allows developers 
to create clear and concise interactive chart visualisations. The library is compatible with all 
browsers (and Webview components) which support the HTML5 <canvas> tag, and is currently 
the most widely used plotting library on the Android platform [113]. Flot provides a variety 
of different chart types such as lines, bars, points and filled areas, placing special emphasis on 
interactivity features [116]. The appearance of a chart is set by a variety of different basic options 
[115]. As with Google’s interactive charts, rendering is performed on-device, posing additional 
processing overhead when compared to Google’s image charts. Similar to other JavaScript-based 
plotting libraries, support for both entry-level and older mobile phones is restricted due to their 
absence of JavaScript. Flot has been successfully used to visualise the data of several different 
project types, such as the tracking of viral infection performance in the United Kingdom as well 
as combining the National Weather Service forecasts in Utah, USA [117]. The library is open 
source with repositories available on GitHub9.

AChartEngine

Released in early 2009, AChartEngine is an open source charting solution, native to the Android 
platform. The library supports a variety of different chart types including line, area, scatter, time 
and bar charts. Developers are able to modify the appearance of each by adjusting individual 
chart properties. Many different interactive features are provided by AChartEngine, including 
panning, zooming and rotation. Unlike Google interactive charts and Flot, AChartEngine does 
not leverage a Webview component for rendering, instead making use of the host device’s native 
graphics pipeline. This may potentially result in improved performance when compared to its 
counterparts. Although the library is native to Android, it has since been adapted for use with 
the CN1 cross-platform mobile framework. CN1 support, however, is limited to Android, iOS 
and Windows Phone [5].

2.9 Summary

This chapter presented an overview of literature relating to the use of ICTs in the public sector 
(particularly e-government and m-government) and discussed a variety of ICT-facilitated civic 
engagement projects, both local and international. Relevant mobile technologies as well as visu
alisation principles, techniques and tools were then described. The following chapter introduces 
and discusses the methodology followed while conducting this research.

9Flot repository http://github.com/flot/flot

http://github.com/flot/flot


Chapter 3

Methodology

3.1 Introduction

This chapter presents an overview of the methodology followed when conducting this research 
project. First, the concept of interaction design is introduced (Section 3.2). The interaction 
design life-cycle model and its use within the context of this project is then described (Section 
3.3). Next, the informal retail outlet survey and informal usability evaluation are discussed. 
Finally, the baseline study, as well as usability evaluations are briefly detailed, and will be 
elaborated upon in Chapter 4, 6 and 7.

3.2 Interaction design

Defined as “designing interactive products to support people in their everyday and working 
lives” (193, p.6], interaction design takes a user-centred approach to development by consulting 
users early on in the development process to ensure that the end result matches their expectations 
and fulfils their needs. This allows users to influence and shape an application’s design, ideally 
leading to a more usable and satisfying solution (2].
Preece, Rogers and Sharp highlight that “underlying good interaction design is the philosophy 
of user-centred design” (193, p. 165], thus allowing development to be directed by the concerns of 
users, as opposed to the technologies being leveraged. As the term suggests, user-centred design 
(UCD) is described by Abras, Malonev-Krichmar and Preece as “a philosophy and methods 
which focus on designing for and involving users in the design of computerised systems” (2, 
p. 12]. Originally coined by Don Norman in his book, User-Centred Design: New Perspectives on 
Human-Computer Interaction, UCD has been widely adopted by HCI professionals due to the 
cost-effective approach it provides to interaction design (2].

40
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UCD was further expanded and elaborated upon by Norman in his second book, The Psycho
logy Of Everyday Things, in which he improves the usability of designs by identifying specific 
requirements and interests of the user. Herein, Norman offers several recommendations on what 
constitutes a ‘good’ design, namely [159, p.188]:

1. Make it easy to determine what actions are possible at any moment.
2. Make things visible, including the conceptual model of the system, the alternative actions 

and the results of actions.
3. Make it easy to evaluate the current state of the system.
4. Follow natural mappings between intentions and the required actions; actions and the 

resulting effect; and information that is visible and the interpretation of the system state.

Similarly, Gould and Lewis highlight three key principles for creating usable designs: 1) place an 
early focus on users and tasks; 2) perform empirical measurement early on in the development 
process; and 3) adhere to an iterative design process. As such, when issues are found during user 
testing, they must be fixed, then retested as many times as necessary [68].
While many researchers praise the benefits of the UCD approach [2,32, 161, 193], others are less 
convinced about its use within the context of developing countries, citing potential language, 
literacy and cultural barriers [36,89, 136]. Low-fidelity prototypes (often used in the UCD ap
proach) are argued to be potentially misunderstood by participants, causing confusion due to 
their lack of inherent interactivity [137, 172]. Further still, complex socio-cultural issues are 
at times ignored by low-fidelity prototypes, only to be discovered at a later stage when design 
changes are less trivial to implement [136].
In this research, an assistant from Grahamstown was recruited to help mitigate these identified 
challenges. The assistant, who possesses strong community ties and is fluent in English, isiXhosa 
and Afrikaans, helped with the data gathering process and acted as a translator when needed. In 
addition, high-fidelity interactive prototypes were used exclusively during the evaluation stages 
of this research, potentially avoiding the pitfalls associated with their low-fidelity counterparts. 
While Maunder, Marsden, Dominic and Blake note that high-fidelity prototypes are more costly 
to develop (due to the additional time and effort required) [136], it was decided to leverage them 
within this research due to the potential benefits they presented.

3.3 Interaction design life-cycle model

Shown in Figure 3.1, the interaction design life-cycle model describes how the four activities of 
interaction design relate to each other. The life-cycle model encourages iteration and user focus,
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and was closely followed throughout this research. As such, the life-cycle model was iterated 
through an appropriate number of times, generating alternative designs and thereby shaping 
and refining the resulting applications. The importance of this process is highlighted by Preece 
et al. who argue that “generating alternatives is a key principle in most design disciplines, and 
one that should be encouraged in interaction design” [193, p.166]. The four activities of the 
interaction design life-cycle model are [185]:

1. Identifying needs as establishing requirements.
2. Develop alternate designs that meet these requirements.
3. Implement interactive versions of the designs so that they can be communicated and as

sessed.
4. Evaluate what is being built throughout the process.

In addition, several usability goals are at the centre of interaction design, including effectiveness, 
efficiency, safety, utility, learnabilitv and memorability. Goals which are of particular importance 
need be identified and documented at the beginning of the development process. To better 
understand how the life-cycle model was followed during this research, Figure 3.1 has been 
annotated with numbers 1 to 4. Each of these numbers represents an activity within the life
cycle model and are elaborated upon next.

3.4 Use of the interaction design life-cycle model
As previously highlighted, interaction design places the user at the centre of the design process 
in an attempt to narrow the gap between the researcher’s perceived challenges and the actual
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challenges. Three iterations of the life-cycle model were completed during this research. It was 
decided to combine the development of the client applications and the SMS gateway within a 
single life-cycle model, as they collectively form part of the front-end of the MobiSAM system 
(see Section 5.3).
In accordance with the interaction design process, three primary usability goals for the client 
applications were identified and agreed upon upfront: learnabilitv, memorability and satisfaction. 
The first goal, learnabilitv, was chosen as users need to easily gain proficiency at using the client 
applications, without extensive training. As highlighted by Myers: “Time is valuable, (...] they 
fusers] want to spend time accomplishing their goals, not learning how to operate a computer- 
based system” [151, p.74]. In addition, a survey of mobile application users conducted in 2012 
found that, on average, users will spend five minutes or less learning a mobile application [49]. 
After this time, alternative applications may be sought. As there are likely to be long periods 
where the client applications are not used, each application needs to possess a high degree of 
memorability, thus ensuring that users are able to quickly re-establish their proficiency. The 
importance of this usability goal is reiterated by the previously mentioned survey, which found 
that nearly half of all installed mobile applications are only used once a month [49]. Finally, 
satisfaction was chosen in an attempt to ensure that users find the client applications pleasant 
to use, increasing the likelihood that they will be used again in the future, as opposed to seeking 
other avenues of complaint. In addition to the three previously mentioned usability goals, the 
utility of each client application was also kept in mind throughout. This attempted to ensure that 
the applications offered all the features needed by users. As maintained by Nielson: “Usability 
and utility are equally important [...] It matters little that something is easy [to use] if i t’s not 
what you want” [156, p.l]. When combined, the usability and utility of an application determines 
its usefulness [156].
Each iteration of the life-cycle model performed while conducting this research will now be 
discussed. Figures 3.2 to 3.4 provide a graphical representation of each iteration.

3.4.1 Iteration  1

The first iteration of the interaction design life-cycle model aimed to gather a broad overview 
of the problem space, including system requirements and related literature. It also saw the 
development of two high-fidenlitv prototype client applications and the evaluation thereof.

Activity 1.1 Initial requirements were obtained from the MobiSAM project director and a 
project stakeholder, in this case Makana Municipality. While specifics are elaborated upon in 
Chapter 5, the overarching requirement was the need for a mobile client application enabling 
Grahamstown residents access to the MobiSAM service. This application would serve as an
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Figure 3.2: Iteration 1 of the life-cycle model

alternative to the MobiSAM website, allowing users to view and answer relevant service delivery 
polls, as well as visualise poll results in an casy-to-undcrstand manner. Additionally, the client 
application needed to support a variety of different mobile platforms and interaction styles. An 
informal mobile-phone retail outlet survey (sec Section 3.5) helped provide preliminary inform
ation as to which handsets (and thus platforms) needed targeting.

The procedures followed by Makana Municipality when logging and tracking service delivery is
sues were also examined in order to better understand the Municipality’s internal workflow. This 
included identifying the most frequently reported service delivery issues, as well as determining 
the type of information gathered during the reporting process. Finally, a thorough literature 
review (sec Chapter 2) was undertaken, allowing for a broader understanding of the problem 
space. The review attempted to investigate current literature relating to the use of ICTs in 
the public sector; explore and describe several local and international ICT-facilitated civic en
gagement projects; as well as detail a variety of technologies relevant to this research project. 
Visualisation principles, techniques and tools were also discussed, along with their use within a 
mobile context.

Activity 1.2 The second activity saw the design of two high-fidclitv prototype client applica
tions. Each client application was designed according to the requirements and identified needs 
gathered during Activity 1.1 (sec Appendix A.2). Results from the informal retail outlet survey 
indicated that the -Java ME and BlackBerry OS platforms were to be initially targeted (sec Sec
tion 3.5). Both prototypes were designed to be functionally identical, allowing users to view and 
answer service delivery polls relevant to their suburb. Multi-language support was also offered. 
Poll result visualisations were designed to be legible in a variety of environmental conditions, 
and leveraged a simple numerical table and brightly coloured bar chart.
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Activity 1.3 High-fidelity prototypes were then im plem ented using the  necessary platform- 
specific tools and SDKs (sec Appendix A .2.4), resulting in two fully interactive client applications, 
targeting  w hat the informal retail outlet survey showed to be the two most popular mobile 
platform s. Each application was installed on a com patible handset (a Nokia 2630 feature phone 
and a BlackBerry 9800 sm artphone), ready for Activity 1.4: an informal usability evaluation 
with two expert users.

Activity 1.4 The fourth  and final activity of Iteration  1 involved evaluating each high-fidclitv 
proto type client application (sec Section 3.6). Two expert users participated  in the  informal usab
ility evaluation. Both users were involved in providing the  initial client application requirem ents, 
and were therefore able to  offer a critical assessment of each high-fidclitv prototype. Although 
the functionality of each proto type m et user requirem ents, the  evaluation highlighted several 
m inor usability concerns. In addition, the  shortcom ings associated with developing multiple, 
platform-specific versions of the  client application were revealed. This feedback influenced the 
redesign of the  client applications, as described next.

3.4.2 Iteration  2

Feedback from the informal usability evaluation served as input into the  second iteration, bringing 
to  a tten tion  usability concerns as well as providing additional requirem ents. Iteration  2 aimed to 
refine the  client applications and saw the redesign of the  platform  specific high-fidclitv prototypes 
into a single cross-platform  client application. However, before this could take place, numerous 
mobile cross-platform  frameworks were investigated. A comprehensive usability evaluation was 
then conducted using the  newly developed cross-platform client application, focusing specifically 
on navigation and visualisation.

Identify needs/ 
establish 

requirements

(Re)Design

Build an
interactive
version

Iteration  1

Iteration  3

Figure 3.3: Iteration  2 of the  life-cycle model
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Activity 2.1 The first activity of Iteration 2 involved identifying additional needs and require
ments, based on feedback obtained from the informal usability evaluation. Results from the 
evaluation highlighted several noteworthy usability concerns (see Section 3.6). In addition, com
ments from the expert users advised against developing multiple, platform-specific versions of the 
client application. As an alternative, a selection of cross-platform mobile frameworks were sought 
(see Section 2.7.2) and evaluated (see Section 5.5). The Codename One (CN1) cross-platform 
framework was found to be most suitable.

Activity 2.2 The high-fidelity Java ME and BlackBerry OS prototypes were then redesigned as 
a single cross-platform client application. The cross-platform client application’s UI was designed 
using the ‘drag and drop’ CN1 designer tool. This allowed for the quick mock-up of multiple 
versions of the same screen, potentially leading to more fitting solutions. Previously identified 
usability concerns were also taken into account during this activity.

Activity 2.3 An interactive version of the newly designed cross-platform client application 
was then implemented (see Section 5.6). The CN1 framework allowed several platforms to be 
targeted from a single codebase, thus avoiding the unnecessary duplication of program code and 
simplifying the implementation process.

Activity 2.4 The fully functional cross-platform client application was then assessed via a 
usability evaluation involving 30 participants (see Chapter 6). Particular attention was given to 
navigation and visualisation aspects of the client application. Results from the study were used 
to update the requirements for the third and final iteration of the life-cycle model, presented 
next.

3.4.3 Iteration  3

Using the knowledge gained from Iteration 2, the third and final iteration aimed to further refine 
the existing cross-platform client application. In this iteration, a second cross-platform client 
application was developed (MobiSAM Report) as well as an SMS gateway application. The 
original (MobiSAM) and new (MobiSAM Report) cross-platform client applications were then 
evaluated side-by-side via a usability study.

Activity 3.1 Additional needs and requirements were obtained from four primary sources 
during the final iteration of the life-cycle model: a baseline study (see Chapter 4); a usability 
evaluation (see Chapter 6); Makana Municipality, as well as additional project stakeholders.
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Figure 3.4: Iteration  3 of the  life-cycle model

As is described in Section 6.7, results from the second usability evaluation (conducted during 
Activity 2.4) highlighted several additional usability concerns associated w ith the  cross-platform 
client application. Furtherm ore, the  project stakeholders felt th a t the  focus of the  existing cross
platform  client application needed to be realigned. Instead of allowing users to answer service 
delivery polls, and subsequently presenting them  with visualised poll results, stakeholders felt it 
was more im portant to  stream line the process of reporting spec ific  service delivery issues relating 
to  water, roads, electricity and sanitation. As a result, it was decided to  develop a second cross
platform  client application, MobiSAM Report, according to  their newly provided requirem ents.

Finally, feedback from M akana M unicipality as well as the baseline study (sec C hapter 4) em
phasised the need to lower the  barrier of entry  to using the  MobiSAM service. Accordingly, it 
was decided to  develop an SMS gateway, thus providing any resident w ith aeecss to a mobile 
phone the  ability to report service delivery issues to  M akana M unicipality via trad itional SMS.

Activity 3.2 During the  second activity, the  cross-platform  MobiSAM client application was 
redesigned according to the  updated  needs and requirem ents (sec Section 5.6), remedying the 
identified usability concerns and functional shortcomings. In addition, MobiSAM R eport was 
designed anew, placing particular emphasis on the  quick reporting of specific, predefined service 
delivery issues. Furtherm ore, the  SMS gateway application was designed according to  specifica
tions obtained from M akana M unicipality (sec Section A .6.2).

Activity 3.3 The cross-platform  MobiSAM and MobiSAM R eport client applications were 
then im plem ented using the CN1 framework (sec Sections 5.7 and 5.8), ready for the  second 
usability evaluation. In addition, the  SMS gateway application was im plem ented using the  .NET
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framework, coupled with the necessary hardware (MOBITEK S63 GSM modem) and software 
libraries (SMS API v7).

Activity 3.2 After implementing changes to the cross-platform MobiSAM client application, 
it was decided to incorporate two additional features from MobiSAM Report. These included 
the ability to capture and include a photo of the service delivery issue being reported, as well 
as provide the option to obtain the user’s exact position using their handset’s built-in Global 
Positioning System (GPS) module (see Section 5.8.3), the latter being suggested by a two par
ticipants who took part in the second usability evaluation (see Chapter 6). In addition, these 
design modifications allowed for a more accurate comparative usability evaluation of the cross
platform client applications to be conducted, as both MobiSAM and MobiSAM Report now 
offered a very similar set of features. Finally, the UI of the SMS gateway application was re
designed using the third-party library MahApps.Metro, in an attempt to simplify its layout and 
improve its usability.

Activity 3.3 The two additional features (photo capture and geotagging) which were included 
in the cross-platform MobiSAM client application, were based on the implementation used in 
MobiSAM Report, and thus could be reused with minor modifications. The SMS gateway ap
plication required substantial changes, as much of its functionality had to be reimplemented 
using specific MahApps.Metro API routines. In addition, it was decided to restructure the SMS 
gateway application from a WinForms event-driven atchitecture to that of a WPF Model-View- 
ViewModel (MVVM) architecture. This decoupled the application UI from the application logic, 
allowing each to be modified independently, resulting in more manageable code.

Activity 3.4 Finally, the cross-platform MobiSAM and MobiSAM Report client applications 
were evaluated with 10 participants (see Chapter 7), in an attempt to determine which version 
participants found most intuitive and appealing. The client applications were assessed in a 
comparative usability evaluation according to the three usability goals highlighted in Section 
3.4: learnabilitv, memorability and satisfaction. As the SMS gateway application was to be 
primarily operated by the researchers, it did not undergo any formal usability evaluation.

3.5 Informal mobile-phone retail outlet survey

A brief survey was conducted during Iteration 1 of the life-cycle model (see Section 3.4.1), which 
attempted to determine the best-selling handsets within Grahamstown. Although anecdotal 
in nature, the collected data helped provide insight into which particular mobile devices and
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platform s were currently most popular. In addition, the  survey results helped determ ine which 
handsets were to be purchased for application development and testing purposes.
Taking place over a two day period, the  researcher visited a selection of local retailers known to 
sell mobile phones. Retailers included two Edgars stores, N ashua Mobile, MTN, M arkham  and 
P E P  Stores. As P E P  have recently emerged as the  largest mobile phone retailer w ithin South 
Africa [61], all G raham stow n branches were visited. Upon arriving at each store the  researcher 
requested to  speak to an employee who was most apt at answering mobile phone related questions. 
Usually one person was identified at each store. The identified employee was then approached 
and informed about the  purpose of the  informal study.
Next, they were asked to identify the  best-selling low-end, m id-range and high-end mobile phone 
sold in their particular store. Handsets were considered low-end if they retailed for R400 or less, 
m id-range if they retailed between R401 and R1,000, while high-end devices retailed for over 
R1,000. Initially, employees were asked to identify the  three best-selling handsets w ithin each of 
these categories, however, this soon proved to  be too tim e consuming. Instead they were simply 
asked to  identify the  single best-selling handset w ithin each category. A simple form was used 
to  capture employee responses, which included inform ation relating to  the  brand, model and 
retail price (when available) of the  handset, as well as additional w ritten observations. Once the 
informal survey was complete, results were captured using Microsoft Excel.

Brand M odel P rice M obile P latform Internet C onnectiv ity  A pplication Support
Low -end S a m su n g E 1 0 5 0 11129 P r o p r ie ta r y N  N

M id-range N o k ia A s lia  201 11699 ■lava M E  (N o k ia  S40) Y Y
H igh-end B la ck B e r ry 9 3 2 0 /9 3 0 0 111,999 B la ck B e r ry  O S  7 .0 Y Y

Table 3.1: Best-selling handsets w ithin G raham stown

Descriptive statistical analysis was performed on the  survey results. Mobile handsets which 
appeared most frequently in each of the three categories were noted, providing insight into the 
best-selling low-end, m id-range and high-end handsets w ithin G raham stow n (see Table 3.1). The 
technical specifications of each identified handset were then determ ined by consulting GSMAr- 
ena1. Inform ation such as the  type of mobile platform , Internet connectivity and installable 
application support were noted. Results from the survey helped reveal which brand and model 
of handsets sold well w ithin G raham stown, providing insight into which platform s the MobiSAM 
client applications needed to  target.

3.6 Informal usability evaluation
An informal usability evaluation was conducted with two experts users, each familiar w ith the 
MobiSAM project, and attem pted  to  highlight any usability concerns w ith the .Java ME and

1 GSM Arena litt.p://www. gsmarena.com/
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BlackBerry OS prototype client applications. Instead of presenting each participant with a set 
of predefined tasks, the study took a more informal approach. The researcher requested that the 
participants navigate around each prototype client application, answering a variety of service de
livery polls and viewing their results. During this process participants were asked to think-aloud, 
describing any usability concerns and functional shortcomings they encountered. Responses were 
transcribed verbatim by the researcher. Several noteworthy concerns were highlighted, including 
that:

• all available polls appeared on a single screen and were not organised by category;
• after completing a poll the prototype client application navigated back to the home screen 

instead of returning to the list of available polls; and
• no interactivity was included within either of the client applications.

The expert users suggested a remedy for each identified problem. These were then implemented 
during the second iteration of the life-cycle model, described in Section 3.4.2, and included:

• grouping available polls by category, thereby making it easier to find polls of interest;
• returning the user to the list of available polls after dismissing the results screen, allowing 

them to continue answering polls; and finally
• incorporating some form of interactivity within the chart visualisations, in an attempt to 

create a more engaging user experience;

In addition, the two expert users suggested that instead of targeting each mobile platform nat
ively, using a separate codebase for each client application, different cross-platform mobile frame
works should be investigated. This would allow the researcher to target a selection of mobile 
operating systems from a single, common codebase resulting in quicker development times and 
easier maintenance.

3.7 Baseline study and client application usability evaluations

A detailed baseline study, as well as two usability evaluations were conducted as part of the 
research project. Chapters 4, 6 and 7 provide full details of these interventions, however, for ease 
of reference this section provides a brief overview of each.
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3.7.1 B aseline study

As part of the requirements eliciting process (see Section 3.4.3), a detailed baseline study was 
conducted within Grahamstown. The study, consisting of 105 respondents, took the form of 
a four page questionnaire, and attempted to empirically investigate how residents currently use 
mobile technologies and participate with Makana Municipality around the area of service delivery. 
Results from the study helped provide an updated set of requirements used during Iteration 3 
of the life-cycle model. Information relating to the study sample (Section 4.2), data-collection 
instruments (Section 4.3), method and analysis (Section 4.4) as well as the study results (Section 
4.5) are presented in Chapter 4.

3.7.2 Evaluation: navigation and visualisation

The second usability evaluation, consisting of 30 participants, aimed to determine how intuitively 
participants were able to navigate within the client application. In addition, the evaluation aimed 
to gauge how effectively the chart visualisations were able to convey meaning to participants, 
and what role interactivity within the charts played in helping participants better understand 
the poll results. The usability of the client application was assessed according to the three 
previously identified criteria: learnabilitv, memorability and satisfaction. Details relating to 
the study sample (Section 6.2); data-collection instruments (Section 6.3); method and analysis 
(Section 6.4); as well as results (Section 6.7) are presented is Chapter 6.

3.7.3 Evaluation: client application  com parison

The third and final usability evaluation, consisting of 10 participants, aimed to determine which 
cross-platform client application participants preferred: MobiSAM or MobiSAM Report. A 
mixed method, comparative usability evaluation was conducted, providing both qualitative and 
quantitative feedback. Client applications were evaluated side-by-side according to the usability 
goals learnabilitv, memorability and satisfaction. Further details surrounding the study are 
presented in Chapter 7, including the study sample (Section 7.2); data-collection instruments 
(Section 7.3); method and analysis (Section 7.4); as well as the study results (Section 7.7).

3.8 Summary

This chapter has provided an overview of the methodology followed when conducting this re
search project. The concept of interaction design was introduced, emphasising the importance 
of adhering to a UCD approach when conducting this research. The interaction design life-cycle
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model and its use within the context of the project was then described, including a detailed 
overview of the activities performed during each iteration. Finally, the informal retail outlet sur
vey and informal usability evaluation were briefly discussed, followed by the baseline study and 
subsequent comprehensive usability evaluations. The next chapter provides detailed coverage of 
the baseline study, which aimed to investigate how residents currently use mobile technologies 
and participate with Makana Municipality around the area of service delivery.



Chapter 4

Baseline study

4.1 Introduction

This chapter provides an overview of the baseline study conducted within Grahamstown, the 
largest city within the borders of Makana Municipality. The study attempted to empirically 
investigate how local residents are currently using mobile technology, and participating with 
local government around the area of service delivery. Results of the study were used to partly 
inform the design of the cross-platform MobiSAM client application, in an attempt to ensure 
that user requirements and expectations were satisfactorily met. The study sample (Section 4.2); 
data-collection instruments (Section 4.3); as well as method and analysis (Section 4.4) are first 
presented, followed by the study results (Section 4.5). Finally, an analysis and discussion of the 
results is provided (Section 4.6).

4.2 Study sample

Grahamstown citizens represent a microcosm of life in South Africa. According to the 2011 
South African National Census results for the city, of the more than 50,000 citizens: 72.78% 
described themselves as Black African; 14.29% as Coloured; 11.22% as White; and 0.94% as 
Indian/Asian (52]. The split in terms of gender in the city is 52.61% female and 47.39% male (52]. 
As such, it was decided to try and match the race and gender demographics of our study sample 
as closely as possible to these results. Stratified sampling with simple random sampling within 
each strata (race and gender demographics) was used, in an attempt to obtain as representative a 
sample as possible. One hundred and five (n = 105) participants took part in the study, of which 
51.43% were female and 48.57% were male. As residents were required to give their consent 
before partaking, participants were limited to individuals 18 years and older.

53
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4.3 Data-collection instruments

Two data-collection techniques were used during the study: a paper-based questionnaire and 
electronic survey. The first technique took the form of a four page questionnaire which comprised 
of three sections: 1) demographic information; 2) mobile phone and services usage; as well as 3) 
service delivery satisfaction and current participation with local government.
Section 1 consisted of nine questions which solicited information such as race, gender, educa
tion, employment status and monthly income. Section 2 consisted of sixteen questions soliciting 
feedback on mobile phone ownership and current usage thereof. These included questions about 
ownership or access to mobile phones, network choice, amount spent weekly on mobile airtime 
and use of applications on mobile devices. The final section consisted of fifteen questions solicit
ing feedback on the way which residents feel about services currently delivered by the Makana 
Municipality, as well as their current ways of participating with local government. The sec
tion also examined participants’ engagement with traditional news channels (newspaper and 
radio). Questions pertaining to residents’ current ways of participating with local government 
were informed by the Citizen Scorecard developed by the African Centre for Citizenship and 
Democracy [3].
In addition, the questionnaire was made available electronically, as a Google Forms survey. This 
allowed the researcher to target specific individuals when attempting to match the race and 
gender strata to that of the Grahamstown population demographics. The Google Forms survey 
was identical in structure and content to that of the paper-based survey. Participants were 
required to give their consent before starting the study (in this case electronically, by clicking 
an ‘Agree’ button) after which they were taken to the start of the survey. All questions were 
optional and participants were able to navigate both backwards and forwards through the survey, 
modifying their answers as required. Most (n = 95) baseline study responses were collected using 
paper-based questionnaires, with only 10 participants completing the study electronically. A copy 
of the paper-based questionnaire is provided in Appendix B .l.

4.4 M ethod and analysis

Before the study proceeded, ethics approval was sought and granted from Rhodes University 
(tracking number CS12-07), after which the researcher began the process of identifying parti
cipants who were needed for the strata outlined in Section 4.2. Participants were approached from 
several different areas in Grahamstown: communal areas in the informal settlement; common 
areas near the Assumption Development Centre (also in the informal settlement); pedestrians 
walking down main roads in Grahamstown; and by referral from existing participants.
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Once a resident agreed to participate in the study, a consent form was signed (or given electron
ically). The paper-based questionnaire was completed verbally, with the researcher questioning 
and transcribing participant responses verbatim. In the process of piloting this questionnaire, 
this process was found to be quicker than asking participants to complete the form themselves. 
In addition, this ensured that written literacy levels did not interfere with the accuracy of the 
results obtained. Although the questionnaire was only available in English, interviews were con
ducted in either English or isiXhosa, as directed by the participant, with the research assistant 
translating responses when necessary. No incentive or remuneration was offered to citizens for 
their participation. Each participant was assigned a random identification number to ensure their 
responses remained anonymous. Upon completion, paper-based survey responses were captured 
electronically and analysed using Microsoft Excel. In addition, 10 participants were recruited 
via e-mail and completed the study electronically using the Google Forms survey. Only English 
speaking participants were targeted so as not to effect the accuracy of the results.
A selection of different analysis methods were used in order to make sense of the captured data, 
allowing for relationships to be identified and correlations drawn.

4.5 Results

The results of the study are presented next, and are organised into three separate sections: 
demographics (Section 4.5.1), use of mobile technology (Section 4.5.2) and current participation 
with local government (Section 4.5.3). Across all results, the following race groups are used to 
classify responses: Black African/Coloured, White and Indian/Asian. These combinations are 
performed for historical reasons as they refer to the classifications used by the former dispensa
tion. Although Apartheid has long since passed, these classifications are used in order to reflect 
the ongoing inequalities in South Africa.

4.5.1 D em ographics

The first section of the baseline questionnaire consisted of nine questions and attempted to gather 
basic demographic information from respondents, including age, gender, preferred language, 
highest level of education, current employment status and monthly income.
One hundred and five (n = 105) citizens took part in the study. Of the sample group, 83.81% 
described themselves as Black African/Coloured; 12.38% as White; and 3.81% as Indian/Asian. 
The race distribution of the study closely matched the results of the 2011 National Census 
(87.05% Black African/Coloured; 11.22% While; and 0.94% Indian/Asian). Participants fell into 
the following age groups: 40% were 18-30 years; 26.67% were 31-45 years; 28.57% were 46-60 
years; while 4.76% where over 60 years. Of the participants, 51.43% were female and 48.57% were
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male, again closely matching the 2011 National Census gender split of 52.61% female/47.39% 
male.
Participants were asked about their levels of monthly income. Just under a third (31.43%) 
said they had no income; 5.71% earned between R1-R400; 4.76% between R401-R800; 15.24% 
between R801-R1,600; 11.43% earned between Rl,601-R3,200; 17.14% between R3,201-R6,400; 
4.76% between R6,401-R12,800; 7.62% earned R12,801 or more; while 1.9% were unsure of their 
monthly income.
In addition, participants were asked about their highest level of education. Of the study re
spondents, 34.29% had obtained their matric (a pass from the final year in high school); 27.62% 
had graduated from university; 21.9% had attended some high school; 13.33% had a primary 
school education; and 2.86% had a technikon or college diploma.
The current employment status across the sample group varied. 29.52% of participants were 
employed full-time; over a quarter (25.71%) described themselves as students; 18.1% were unem
ployed; 7.62% were temporarily unemployed; 5.71% were retired; 4.76% were employed part-time; 
4.76% were self-employed; and lastly, 3.81% were temporarily employed.
The preferred language of each participant was asked, of which over half (56.19%) preferred 
isiXhosa; 39.05% English; 2.86% Afrikaans; one participant (0.95%) selected isiZulu; while an
other (0.95%) selected ‘Other’. In addition, literacy levels were specified. 98.1% of participants 
were able to read in their preferred language, while 97.14% were able to write in their preferred 
language.

4.5.2 U se o f m obile technology

The second section of the questionnaire, consisting of sixteen questions, solicited feedback relating 
to participants’ use of mobile technology and services. Based on the findings derived from the 
survey of Grahamstown residents, seven key questions were able to be answered:

Ql: How many respondents own or have access to a mobile phone?
Q2: What are the most prevalent brands of mobile phones and mobile platforms amongst re

spondents?
Q3: What is the average monthly expenditure on mobile phones per earning bracket?
Q4: Which do respondents use most frequently: voice, SMS or data?
Q5: Which online data services do respondents make use of?
Q6: How often do respondents make use of the online data services?
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Q7: How m any respondents have experience installing mobile applications?

Collectively, these questions aim to  determ ine how suitable mobile technologies arc to  facilitate 
participation  between residents and the  M akana M unicipality. The answers to each question arc 
presented next.

Ql: How many respondents own or have access to a mobile phone? Of the 105
participants, 95.24% have access to  a mobile phone. 90.48%. have their own handset, while 
4.76%. have access to a shared mobile phone. Therefore, of the study participants, only 4.76%. 
do not have access to  a mobile phone.

Q2: What are the most prevalent brands of mobile phones and mobile platforms 
amongst respondents? Figure 4.1 provides an overview of the  brands of mobile phones th a t 
participants own. The most popular mobile phone brands arc Nokia (37.63%.), Samsung (26.88%.) 
and BlackBerry (11.83%). ‘O ther’ encompasses the brands which were less popular amongst 
respondents surveyed: Alcatel, Huawei, Sony Ericsson and ZTE.

The study  sought inform ation relating to the make and model of each respondent’s handset. Each 
newly identified handset was researched online to determ ine its operating system  and features 
available. The GSM Arcna1 website was used for most m akes/m odels of handsets. In the  event 
th a t the  phone specifications were not available on this site, a simple Google search was used. 
In some eases, even though the exact make and model were captured, the operating system  was 
simply referred to  as “proprietary”. In these eases, the  results were grouped together, w ith a 
distinction instead m ade regarding the  operating system ’s support for .Java ME.

1 GSMArena.com http://www.gsmcirena.com/

http://www.gsmcirena.com/
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Figure 4.2: Identified mobile phone platforms (n = 95)

Figure 4.2 shows that the most prevalent mobile platform amongst participants is some form of 
proprietary OS supporting .Java ME (28.42%); followed by Android OS (23.16%.); and Black
Berry OS (11.58%). Devices grouped into the “Unknown” category are those where insufficient 
information was provided by respondents to accurately determine the platform of the device. 
The Nokia handsets (37.67%. of mobile devices surveyed, see Figure 4.1) make up part of the 
following segments: Proprietary OS with .Java ME support; Proprietary OS without .Java ME 
support; or Windows Phone. This split was included to obtain a better understanding of the 
capabilities of the wide range of Nokia devices that were prevalent in the study.
When collecting information from participants, assistance was offered to help determine the make 
and model of the mobile phone. In the case of “Unknown” being recorded, either the handset 
was not with the participant, and the participant was unsure of the model (so only the make 
could be recorded), or the handset was with the participant but the model number could not be 
established.

Q3: What is the average monthly expenditure on mobile phones per earning bracket?
In the survey, respondents were asked to indicate into which earning bracket they fell on a 
monthly basis (based on brackets given in the 2011 National Census). In addition, respondents 
were asked to indicate how much money they spent weekly on prepaid airtime (by specifying 
into which bracket they fell), or on their monthly contract. The weekly airtime expenditure was 
then extrapolated over the period of a month (approximately four weeks) and correlated to the 
earning bracket of each respondent.
This was done by grouping together the respondents who chose the same earning brackets, and 
then calculating the mode of expenditure for prepaid respondents, and the average monetary 
costs of contract respondents. In some cases where there was no mode for the prepaid brackets
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per earning bracket, the  lowest common denom inator (in term s of expenditure) was chosen. The 
results of this arc presented in Table 4.1. It should be noted th a t blank cells in the  “m onthly 
expenditure” column for contract participants reflect th a t there was no one who fell into this 
category (rather than  an expenditure of RO).

Prepaid (n = 78) n = 15)
Level of income Monthly expenditure Level of income Monthly expenditure

I don’t know More than R16 I don’t know -

No income Less than R5 No income R277.25
R1-R400 R5-R15 R1-R400 -

R401-R800 R5-R15 R401-R800 -
R801-R1 600 R5-R15 R801-R1 600 -

R1 601-R3 200 More than R30 R1 601-R3 200 R240.00
R3 201-R6 400 R5-R15 R3 201-R6 400 -

R6 401-R12 800 R5-R15 R6 401-R12 800 -
R12 801 or more R16-R30 R12 801 or more R 187.50

Table 4.1: M onthly income versus expenditure on airtim e

It is interesting to note th a t participants who rated  their level of income as “no income” were still 
able to  purchase airtim e. On closer exam ination of the  results, exactly two th irds of those who 
said they had no income were also students, so it may be assumed th a t someone else was paying 
for their m onthly airtim e. The rem aining th ird  described themselves as tem porarily unemployed.

Q4: Which do respondents use most frequently: voice, SMS or data? Participants 
were asked to  rank the  frequency which they use the  data , voice and SMS services available on 
their mobile phone. Responses were ranked as most used (most), m oderately used (mod) and 
least used (least). Table 4.2 shows th a t overall, d a ta  was ranked as the  most used service by 
each of the  race groups and across female and male respondents. However, for female and Black 
A frican/Coloured respondents, this was tied with voice calls.

All Female Male W I/A B A /C
Data Most Most Most Most Most Most
SMS Mod Mod Least Least - Mod
Voice Mod Most Mod Mod Mod Most

Table 4.2: Frequency of use: D ata  versus SMS versus Voice

Q5: Which online data services do respondents make use of? Participants were asked 
two questions relating to the  services they use on their mobile phones. Firstly, they were asked to
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specify the  messaging services th a t they currently use. In addition, they were asked to indicate 
any other online d a ta  services they use on their mobile phones.

n = 93) Female M ale W I/A B A /C
SMS 74% 69% 80%. 92%. 75% 72%.

W hatsA pp 66% 56% 76%. 92%. 75% 61%.
BBM 9% 2% 16%. 8% 50%. 7%
M xit 16% 13% 20%. 0%. 0%. 19%.

E-mail 30%. 19% 41%. 77% 75% 20%.
Facebook 61% 46% 76%. 92%. 50%. 57%
Tw itter 21% 13% 29%. 38%. 25%. 18%
News 26% 19% 33%. 69%. 25%. 18%

W ikipedia 17% 7% 27%. 46%. 0%. 14%.
Table 4.3: Use of messaging services and online d a ta  services

Table 4.3 shows th a t SMS is the  most popular messaging service, while Facebook is the most 
popular online d a ta  service across all gender and race groups. Interestingly, female respondents 
arc less likely to  use messaging and d a ta  services on their mobile phones when com pared with 
male respondents. This supports the  earlier finding where females ra ted  voice as most frequently 
used, alongside data.

Q6: How often do respondents make use of the online d a ta  services? Of the 100
respondents identified as either owning or having access to a mobile phone, 92 answered the 
question of how often they m ade use of the online d a ta  services. Figure 4.3 shows th a t most 
respondents (46.74%) access d a ta  services at least once per day, while slightly more th an  a quarter 
(28.26%) never make use of any online d a ta  services. Slightly less than  a quarter (22.83%) access 
online d a ta  services a few tim es per week, while 2.17%. of respondents access them  a few times 
a m onth.



4.5. RESULTS 61

Figure 4.3: Frequency of online data services use (n = 92)

Q7: How many respondents have experience installing mobile applications? Of the
95 participants who own a mobile phone, 66 of these handsets were positively identified as being 
able to install applications. Out of these, 40 participants answered “ves” to having installed 
applications on their devices, translating into an installation rate of 60.6%. A distinction was also 
made between installing applications via the handset’s store (i.e. Apple App Store, Google Play, 
Windows Store) or manually (i.e. downloading a .Java ME .jar installation file from a website). 
Of the 66 participants with handsets capable of installing applications, 40.90%. have installed 
applications using both their device’s store, as well as manually. These results highlight the 
importance of providing adequate support and training to residents regarding the installation of 
the client applications. Additionally, selecting appropriate channels through which to distribute 
the client applications is vital, whether via the MobiSAM website, platform-specific application 
stores or a combination of these.

4.5.3 Current participation

The third and final section of the baseline questionnaire asked participants to specify how they 
currently participate with local government around the area of service delivery. In response to the 
question: “Have you ever made a complaint to your local municipality?”, 58.1%. of all participants 
stated that they had complained (the total responses for this question was 105, n = 61). Table 
4.4 shows the results when analysing the different ways in which people complain by gender and 
race. In the ‘Other’ category, one participant stated that they had used Facebook to report a 
problem to the municipality.
When considering responses by gender, both female and male participants preferred to speak 
in person to staff at the municipality. Anecdotally, this may be seen to be due to the fact 
that municipal officials seldom answer the phone at the offices when they are called. When
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analysing by race, W hite residents showed a preference for signing petitions, w ith all other 
residents preferring to  speak to  someone in person at the  municipality.

n = 62 Female Male W hite I /A B A /C
P etition 25% 23% 27% 80%. 0%. 20%.

Spoke to  m unicipality 46% 42% 50% 20%. 100%. 46%.
Phoned m unicipality 7% 13% 0% 0%. 0%. 7%

W ard councillor 20%. 19% 20%. 0%. 0%. 22%.
L etter 2% 3% 0%. 0%. 0%. 2%.
O ther 2% 0% 3% 0%. 0%. 2%.

Tabic 4.4: Com plaints to m unicipality

The next question asked respondents if they had participated  in a protest or dem onstration 
w ithin the  last 12 m onths. One respondent chose to  not answer this question (n = 104). As 
shown in Tabic 4.5, 39.42% of all respondents said th a t they had participated . W hen analysing by 
gender, females participated  more than  males. Interestingly, there is a large split in participation 
between race groups, w ith W hite and Indian/A sian  respondents participating  on average far less 
th an  their Black African/Coloured counterparts.

n = 104 Female Male W I/A B A /C
Yes 39%. 45%. 33% 15% 25%. 44%.
No 61%. 55% 67%. 85% 75% 56%.

Tabic 4.5: Participation  in protest

A nother question asked to  residents was how much agency they believed they had to  change the 
system. One respondent did not answer th is question (n = 104). Table 4.6 indicates th a t over 
half of all participants believed they could make “some” or “a great deal” of difference to improve 
the  situation in local government. W hen considering the  results by gender, males responded 
more negatively (“nothing”) to  the  question, bu t paradoxically also responded more than  females 
to  the positive response (“a great deal”).

n = 104) Female M ale W I/A B A /C
N othing 10%. 6%. 16%. 31% 25%. 7%

A small am ount 33% 33% 33% 54%. 25%. 31%
Some 26%. 31% 20%. 8% 0%. 30%.

A great deal 28%. 26%. 29%. 0%. 25%. 32%.
I don’t know 3% 4%. 2%. 8% 25%. 1%

Tabic 4.6: How much agency for changing system
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Interestingly, White participants responded more negatively that any other race group, with 
84.62% of respondents saying an individual could make no change or “a small amount”.

4.6 Analysis and discussion
The results from the baseline study highlighted several important findings which ultimately 
helped guide the design of the cross-platform MobiSAM client applications. This section draws 
together and discusses each of them.

4.6.1 M obile phone prevalence and application support

Mobile phone use within Grahamstown is pervasive. With 95.24% of respondents indicating that 
they either own or have access to a mobile phone, it is clear that making MobiSAM access
ible via these devices is vital to the project’s success. Over two-thirds (69.47%) of participant 
handsets were positively identified as being able to install applications, indicating that this is a 
potentially viable means through which to provide access to the MobiSAM service. Although 
residents pursue many different avenues when lodging complaints with their municipality (see 
Table 4.4), mobile phones have the potential to help increase participation by “lessening the level 
of motivation that participation requires” (60, p.45]. In addition, with more than half (53.33%) 
the respondents believing that they can make “some” or “a great deal” of difference in helping 
improve instances of inadequate service delivery (see Table 4.6), it is likely that the majority of 
respondents will seek avenues of complaint (such as those provided by MobiSAM) when service 
delivery problems arise, rather than being apathetic.

4.6.2 Language preference

Examining demographics results from the study, 98.1% of participants preferred to use either 
isiXhosa, English or Afrikaans. Of the total participants surveyed, 97.14% were able to both 
read and write in their preferred language. This information provides two different critical pieces 
of information for the decision to develop client applications. Firstly, it provides important 
information on the literacy level of the sample population. It is interesting to see that the literacy 
level is higher than the reported levels for South Africa (97.14% versus 92.9%) by Statistics 
SA (199]. Secondly, it shows that since the client applications provide localised UIs in isiXhosa, 
English and Afrikaans, these applications effectively target the preferred language of 98.1% of 
respondents. It should be noted that the questionnaire only asked what language participants 
preferred to use, rather than to list all languages understood (and their respective literacy levels 
in each). This indicates that participants could potentially be served by providing support in 
these three languages, albeit not in their first language.
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4.6.3 M obile platform  environm ent

Figure 4.1 highlights that Grahamstown is a heterogeneous mobile device environment. Five 
different mobile operating systems were identified, with the most popular found to be referred 
to as “proprietary” by GSM Area2. These typically correlated to low-end handsets such as those 
produced by Nokia and Samsung, nearly four-fifths (79.41%) of which were still shown to offer 
Java ME support. In the case where actual operating system details were available, the most 
popular operating systems were: Android OS (23.16%), BlackBerry OS (11.58%), iOS (5.26%) 
and Windows Phone (1.05%). Therefore, as support is provided for these four platforms, as well 
as Java ME, 69.47% of all surveyed mobile devices are potentially being reached. Referring back 
to Figure 4.2, it is important to remember that nearly a quarter (23.16%) of mobile devices were 
not able to be identified exactly as the model number was not available, therefore these figures 
represent the worst case scenario. As highlighted by Q7 in Section 4.5.2, of the 66 respondents 
owning handsets capable of installing applications, more than half (60.6%) have done so in the 
past. While this may seem like a low proportion, respondents may simply be unaware that 
their handsets support installable applications, particularly those with Java ME-enabled feature 
phones.

4.6 .4  M obile data and online services

Despite the wide variety of mobile devices and platforms identified, there are some commonalities 
in the way that participants described the use of their mobile phones. Firstly, across all genders 
and race groups, data was ranked as most frequently used (this was tied with voice calls for 
female and Black African/Coloured respondents). While at first this seemed surprising as it is a 
newer mobile product than voice calls and SMS, the reason becomes clearer when considering the 
price of mobile data. Although SMS is still the most popular messaging service (see Table 4.3), 
WhatsApp is ranked a close second by all genders and race groups. The widespread adoption of 
WhatsApp suggests two important pieces of information. Firstly, at least 65.71% of participants’ 
handsets are capable of installing WhatsApp, suggesting that a similar proportion of devices 
are able to install the cross-platform MobiSAM client applications (as the identical platforms 
are targeted). Secondly, it indicates that most participants are comfortable using third party 
applications. Interestingly, the number of participants who make use of WhatsApp is greater 
than the number who indicated to have installed applications (65.71% versus 60.6%). This may 
be due to the fact that either a family member or friend installed the application for them. 
Alternatively, the participant may have installed WhatsApp themselves while being unaware 
that they were actually installing an application. In addition, some handsets (i.e. Nokia Asha 
210) come with WhatsApp pre-installed.

2GSMArena h ttp ://www.gsmarena.com/

http://www.gsmarena.com/
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4.6.5 U niversal access

The popularity of SMS across all gender and race groups highlights its importance and potential 
for providing access to the MobiSAM service. While the cost per message sent is relatively high 
when compared to other messaging services listed in Table 4.3, SMS offers the advantage of being 
available to all GSM handsets, thereby potentially lowering the barrier of entry to MobiSAM. 
Furthermore, unlike installable applications, many participants (74.29%) are already familiar 
with how to compose and send SMS messages from their devices.

4.7 Summary

This chapter presented the baseline study. First, the study sample; data-collection instruments; 
and method and analysis were described in order to provide the reader with a clear understanding 
of how the study was conducted. The study results were then presented in full. Finally, an 
analysis and discussion of the results was performed, drawing together and highlighting several 
important findings which ultimately helped guide the design of the cross-platform MobiSAM 
client applications. The next chapter draws on the results of the baseline study, presenting the 
design and implementation of the MobiSAM client applications and SMS gateway application.



Chapter 5

Design and implementation

5.1 Introduction

This chapter provides an overview of the design and implementation of the cross-platform Mo
biSAM client applications. First, background information relating to MobiSAM is provided (Sec
tion 5.2), in order to acquaint the reader with the service. The system’s underlying architecture 
is then presented (Section 5.3), providing a detailed account of the MobiSAM front-end. Finally, 
the design and implementation of the cross-platform client applications, MobiSAM (Sections 5.6 
and 5.7) and MobiSAM Report (Section 5.8), are discussed.

5.2 The M obiSAM  service

As described in Chapter 1, MobiSAM is a mobile phone-based polling framework and service 
delivery issue reporting tool, which seeks to promote active citizen participation between residents 
and their local government. The service allows residents to answer service delivery polls, as well 
as report service delivery problems to their local municipality using a mobile phone or personal 
computer (PC). Depending on the chosen method, additional details such as a photo of the issue 
being reported, along with GPS coordinates may be included in reports.
In addition, polls may be periodically conducted in order to gather information used for ongoing 
service delivery monitoring purposes. Makana Municipality, for example, might conduct a poll 
asking citizens: ‘How is your water pressure today?’. Resident responses would then be col
lated and visualised by suburb (see Figure 5.1), providing the municipality with timely, relevant 
information which may potentially be used to help improve service delivery.
Three service delivery poll types exist, the details of which are briefly discussed next.

6 6
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• Custom A num ber of predefined responses are presented, of which the  user may select 
only one. Predefined responses arc set by a MobiSAM adm inistrator when creating a poll. 
This poll type allows for the creation of: yes or no; true  or false; and Likert type questions, 
amongst others.

• Text response Allows for an open-ended w ritten text response, accepting any com bination 
of characters bu t restricted in length.

• Upload images Allows for the  uploading of images and includes the  GPS coordinates, 
address (in hum an-readable form at e.g. 1 High Street, G raham stown Central) and descrip
tion of the  image being uploaded. This poll type allows for the reporting of specific service 
delivery problems.

A MobiSAM adm inistrator selects an appropriate poll type when creating new polls. Once a 
poll has been created its type cannot be changed, instead requiring a new poll to  be constructed. 
Only users with adm inistrator privileges may create new polls.

Figure 5.1: MobiSAM website: poll results visualisation

W hile MobiSAM shares similarities w ith the  civic engagement project discussed in C hapter 2 ,
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many differences exist. Lungisa (see Section 2.3.4), like MobiSAM, aims to “monitor how public 
resources are spend, and to promote transparency, accountability, and better governance” (127, 
p.l], however, instead of encouraging local municipalities to interact directly with their service 
-  thus creating a two-way dialogue -  they instead forward service delivery complaints to the 
correct government department. Little emphasis is placed on the ongoing monitoring of the 
basic services provided by municipalities. Although Find k. Fix (see Section 2.3.5) allows fault 
reports to be sent directly to the JRA, it provides no mechanism to monitor the quality of services 
which they offer. Platform support is also limited to Android and iOS, potentially excluding a 
large proportion of South Africa’s population.

5.2.1 User registration

Before using the MobiSAM service, residents are first required to register via the website1. 
During the registration process, residents are asked to specify a username (unique), password, 
e-mail address (unique) and cellphone number, as well as basic demographic information such as 
first and last names, preferred language and optionally, their physical address. The information 
requested during registration corresponds to requirements obtained from Makana Municipality. 
User information is securely stored and used for communication purposes, as well as linking a 
user’s poll responses and service delivery reports to a specific suburb within the municipal district. 
Once registered, an administrator reviews the provided information and manually activates the 
account before access to the service is granted. Currently, residents may only register via the 
MobiSAM website.

5.2.2 M obiSA M  Facebook page

With over 9.4 million active users in South Africa (215], Facebook was seen as an important 
platform to help disseminate MobiSAM related information. Although not directly related to the 
MobiSAM service, a Facebook page1 2 was created to establish MobiSAM’s presence on the social 
network. The page is used to keep the public informed about potential service delivery problems 
within the Grahamstown area, thus providing information to residents who may not be registered 
MobiSAM users. As similar Facebook pages already exist (for example, Grahamstown Municipal 
Services outage reporting3), MobiSAM status updates are shared to these pages, helping keep 
residents informed while at the same time indirectly introducing MobiSAM to residents who 
have not yet heard of the service. Facebook users are able to ‘like’ the MobiSAM page should 
they wish to receive status updates. In addition, users are able to ‘share’ relevant MobiSAM

1 MobiSAM Registration http://mobisam.net/user/register.aspx
2MobiSAM Facebook page http://www.facebook.com/mobisam.net
3Grahamstown Municipal Services outage reporting page https://www.facebook.com/pages/Grahamstown- 

Municipal-Services-outage-reporting/

http://mobisam.net/user/register.aspx
http://www.facebook.com/mobisam.net
https://www.facebook.com/pages/Grahamstown-Municipal-Services-outage-reporting/
https://www.facebook.com/pages/Grahamstown-Municipal-Services-outage-reporting/
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sta tu s updates w ith their friends and followers. Inform ation contained within MobiSAM status 
updates is obtained directly from M akana M unicipality, A m atola W ater (responsible for water 
reticulation w ithin G raham stown) and MBB Consulting Services (responsible for the bulk water 
supply w ithin Graham stow n), thereby ensuring its authenticity  and accuracy.

5.3 System  architecture

W hen developing an application, it is vital th a t the  system  architecture aligns w ith the goals 
of the  entire system. Although the research presented in th is thesis concerns itself w ith the 
development of only a portion of the  MobiSAM system, a visual overview of the  entire system 
architecture is provided in Figure 5.2. From a high-level perspective, the  MobiSAM system  is 
comprised of two separate entities: a front-end (see Section 5.3.1), and a backend server (see 
Section 5.3.2). Furtherm ore, each entity  is comprised of several different components. A client- 
server architectural model was followed throughout, w ith the backend server implem enting its 
own R E S T fu l  API, leading to an increased separation of concerns. Im portantly, th is elicnt-scvcr 
model helps facilitate the  process of d a ta  exchange across different platform s [38], a characteristic 
vital to the success of the  MobiSAM service.

MobiSAM front-end

Figure 5.2: The MobiSAM system  architecture

5.3.1 M obiSA M  front-end

The front-end portion of the  system  concerns itself with how citizens interact w ith the  MobiSAM 
service and consists of a variety of different m ethods. It was decided to  include m ultiple access
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methods in an attempt to lower the barrier of entry, hence potentially maximising uptake of 
the service. This approach also allows the particular strengths of a particular platform to be 
leveraged, such as the simplicity of SMS or the GPS capabilities of a mobile device. During 
the requirements elicitation process, presented in Section 3.4, three distinct access methods were 
identified:

• A traditional and mobile-optimised website
• Installable client applications (apps)
• SMS

Each access method is briefly described next. Although the web portion of the system was 
developed by a separate researcher, a short discussion thereof is warranted, helping justify the 
need for additional access methods, such as client applications and SMS.

Website

Due to the prevalence of web access, as well as highlighted by the results of the baseline study 
(see Chapter 4), it was essential to provide access to the MobiSAM service via website. Accord
ingly, the website offers support for both mobile phones and PCs, adapting itself based on the 
host device. Although the traditional website offers full access to the MobiSAM service, func
tionality of the mobile-optimised website is restricted due to the different mobile web browser 
implementations of HTML5, as well as limited JavaScript support. As poll results, for example, 
are visualised using the Highcharts JS charting library4 (see Figure 5.1), unsupported browsers 
do not provide any form of chart-based visualisation.

4Highcharts http://www.highcharts.com/

http://www.highcharts.com/
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Figure 5.3: MobiSAM website: visualised poll results (running on an Android sm artphone)

As an alternative, the  mobile-optimised website offers lim ited functionality, while a ttem pting  to 
maximise browser support. Focus is instead placed on the  answering of service delivery polls and 
reporting of service delivery problems. Should the  browser accessing the  MobiSAM website be 
supported by the H ighcharts .JS, poll results arc visualised, as shown in Figure 5.3. Alternatively, 
a sum m ary of the  results appears in a numerical table, as illustrated  in Figure 5.4. Highcharts 
■ JS docs not provide a list of supported web browsers.

num ber o f  all vo te s  : 1453

lam  concerned 
with my water
quality. Today,

my water:
Votes Percentage

Smells (o r tastes) o f  c.iq  
ch lorine/bleach "

36%

Smells (o r tastes) o f  255 
ro tten  eggs/offensive

18%

Is cloudy in co lour 437 30%

Options Back
Figure 5.4: MobiSAM website: poll results (running on a feature phone)
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Client applications

While the mobile-optimised website allows access to the MobiSAM service from a mobile device, 
its functionality and visualisation capabilities are wholly dependent on the handset’s web browser. 
As an alternative, it was decided to investigate the use of platform specific, installable client 
applications. This decision was motivated by several factors, specifically:

• mobile applications potentially allow for a more engaging user experience;
• enhanced visualisation capabilities may be incorporated into mobile applications;
• built-in GPS and camera capabilities of mobile devices may be leveraged;
• potentially less bandwidth consumption, once a client application has been downloaded 

and installed; and
• browser quirks and inconsistencies are avoided.

Initially, two high-fidelity prototype client applications were developed natively (see Appendix 
A.2), targeting what results from the informal retail outlet survey (see Section 3.5) revealed 
to be the best-selling mobile platforms within Grahamstown: Java ME and BlackBerry OS. 
While this approach offered a great deal of flexibility, the time and effort required made the 
task impractical. The lessons learned from the native development process resonated with what 
Charland and Leroux wrote in their paper Mobile Application Development: Web vs. Native, 
quoting Google’s VP of engineering: “even Google was not rich enough to support all of the 
different mobile platforms from Apple’s App Store to those of the BlackBerry, Windows Mobile 
and the many variations of the Nokia platform” (28, p.50j.
As an alternative, several cross-platform mobile frameworks were identified and evaluated, as is 
described in Section 5.5.

Short Message Service (SMS)

The pervasive nature and widespread use of SMS, highlighted by the results of the baseline 
study (see Chapter 4), made it an important medium through which to allow the reporting of 
service delivery problems. In addition, being able to report issues from any GSM handset meant 
that SMS had the potential to lower the barrier of entry to the MobiSAM service. As part of 
this research, an SMS gateway application was developed allowing residents to submit reports to 
MobiSAM via traditional SMS. Received reports are collated by the backend server and displayed 
chronologically via its web interface, as shown in Figure A.9. The design and implementation of 
the SMS gateway is presented in Section A.6.
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5.3.2 M obiSA M  backend server

Although development of the system’s backend fell outside the scope of the research presented in 
this thesis, a brief description is warranted in order to provide the reader with an understanding 
of the system as a whole. Please refer to electronic Appendix A.l for an overview of the backend 
server.

5.4 Prototype M obiSAM  client applications
As part of initial development efforts, two high-fidelity prototype client applications were de
veloped natively, using platform specific SDKs. Each application targeted what results from the 
informal retail outlet survey revealed to be the two best-selling mobile platforms within Gra
hamstown: Java ME and BlackBerry OS (see Section 3.5). Client applications were functionally 
identical and served as a basic proof of concept, allowing an informal usability evaluation to be 
conducted (see Section 3.6). Due to space restrictions, a detailed account of their design and 
implementation has been included as an electronic resource. Please refer to electronic Appendix 
A.2 for design and implementation details.

5.5 Cross-platform mobile framework selection
This section provides a brief overview of the cross-platform mobile framework selection process. 
The drawbacks of developing mobile applications natively are first discussed (Section 5.5.1), 
followed by the cross-platform mobile framework selection process (Section 5.5.2).

5.5.1 N ative developm ent drawbacks

Feedback gleaned from the informal usability evaluation (see Section 3.6), highlighted several 
shortcomings associated with developing client applications natively:

• developing multiple applications is resource intensive;
• a broad skill set is required to support and develop applications for multiple platforms; and
• ongoing maintenance requirements are high.

Similar disadvantages have been identified by other researchers (28, 81, 86, 165, 170, 210]. As a 
result, it was decided to redevelop the MobiSAM client application anew, using a cross-platform 
mobile framework. This approach sidestepped the need to develop the client application mul
tiple times (albeit for different platforms), while at the same time allowing a greater number of 
platforms to be targeted.
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5.5.2 Selection  process

Given the multitude of cross-platform mobile frameworks available, a number of predefined cri
teria needed to be met before a framework was considered for use. These criteria were:

• provide support for Android, BlackBerry OS, iOS, Java ME and Windows Phone platforms;
• offer natively installable applications as opposed to leveraging JavaScript-based Webview 

components;
• support either Java or .NET C # as their implementation language; and
• be open source and/or offer affordable licensing terms.

Cross-platform mobile frameworks which leveraged embedded Webview components instead of 
offering natively installable applications were excluded due to patchy support from Java ME 
and BlackBerry OS. Since a Webview is essentially a ‘chromeless’ browser instance which is able 
to call native platform code from JavaScript [28], this additional overhead had to be avoided, 
especially when considering the limited processing capabilities of low-end handsets.
Table 2.2 lists the identified cross-platform mobile frameworks, 23 in total, of which only three 
met the specified criteria: Codename One (see Section 2.7.2), J2ME Polish (see Section 2.7.2) 
and NeoMAD (see Section 2.7.2). After conducting a thorough review of each framework’s 
documentation and website, both Codename One (CN1) and J2ME Polish were earmarked as 
the most fitting solutions. NeoMAD was excluded due to its high licensing fees.
Given that the platform support and implementation language for CN1 and J2ME Polish were 
both similar, the final selection process needed to be based on additional merits. As such, a simple 
demonstration application was developed using both CN1 and J2ME Polish. The application 
attempted to determine how well each framework performed within the context of the MobiSAM 
service. For more information about the demonstration application please refer to [181]. The 
results of the evaluation highlighted five distinct advantages of CN1 over J2ME Polish:

• improved cross-platform support;
• cloud-based build server;
• rapid UI prototyping and construction via the CN1 designer tool;
• full Java implementation instead of restricted Java ME; and
• an active online community.

Consequently, CN1 was chosen for use when developing the cross-platform client applications, 
the design and implementation of which are described next.
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5.6 Cross-platform M obiSAM  client application

This section provides an overview of the design and implementation of the cross-platform Mo
biSAM client application. The updated requirements and specifications are first presented (Sec
tion 5.6.1). Details relating to the client application’s UI and navigation (Section 5.6.2), visual
isation (Section 5.6.3), as well as other miscellaneous features are then described (Section 5.6.4). 
The cross-platform client application was first developed during Iteration 2 of the life-cycle model 
(see Section 3.4.2).
Due to space restrictions, a detailed account of the technical implementation has been included 
as an electronic resource. Please refer to Appendix A.3 for more information.

5.6.1 R equirem ents and specifications

Feedback from the informal usability evaluation helped provide an updated set of requirements 
(see Section 3.6). These requirements were then clarified and documented, leading to the devel
opment of the corresponding specifications. Modifications included:

• organising available polls by category instead of presenting them all on a single screen;
• navigating to the list of available polls instead of returning to the Home screen after closing 

the Results screen; as well as
• including interactivity within the chart visualisations.

In addition, the two expert users taking part in the evaluation recommended transitioning from 
multiple platform-specific codebases to a single codebase, by leveraging a suitable cross-platform 
mobile framework.

5.6.2 User interface and navigation

As an application’s UI is the primary means through which user interaction takes place, it is 
important that it offers the required functionality in a simplistic manner. Galiz, in his book 
The Essential Guide to User Interface Design contends that: “The user interface is the most 
important part of any computer system. Why? It is the system to most users” (54, p.l]. 
Accordingly, the client application follows a simple menu-driven UI style, in an attempt to guide 
the user through the process of answering service delivery polls. A strong contrast between UI 
elements was created, helping the client application remain legible in harsh lighting conditions. 
The variable usage context of the client was also kept in mind throughout its development,
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paying particular attention to externalities such as usage environment, time constraints and 
handset limitations. In addition, known platform UI and UX guidelines were strictly adhered 
to, in an attempt to maximise the client application’s usability, as well as improve its familiarity. 
The CN1 designer was leveraged when constructing client application screens, thus separating 
design from implementation. Importantly, the speed and flexibility offered by the CN1 designer 
encouraged the construction and testing of multiple versions of the same screen, potentially 
leading to more usable solutions.
For information relating to the technical implementation details of the client application’s UI, 
please see electronic Appendix A.3.2.

L o g in  screen After launching the client application, the user is presented with the Login 
screen, shown in Figure 5.5a. The screen contains the text ‘Please Log in to Your Account’ in 
its title, with the MobiSAM logo positioned below. Next, a text box where the user may enter 
their login credentials is provided. Text boxes are masked so as to only allow certain characters, 
thereby reducing potential security vulnerabilities. Two options are provided next. The first 
option (‘Keep me logged in’) allows the user to remain logged in between different invocations 
of the client application, while the second (‘Lost password?’) allows the user to request a new 
password be sent to their provided e-mail address. Following platform design guidelines, two soft 
keys (‘Log in’ and ‘Exit’) are visible when used on Java ME. These appear as regular buttons 
on the remaining platforms.

H o m e  screen The Home screen provides quick access to the client application’s main func
tions: ‘Take a poll’, ‘Update profile’ and ‘Log out’. Each menu option contains a second line 
of text, shown in Figure 5.5b, describing its purpose. While a ‘Log out’ soft key is visible on 
the Java ME platform, a ‘Log out’ button appears in the top-left corner when used on iOS, in 
accordance with platform conventions. This action is performed using the hardware back button 
on the remaining platforms. Before being logged out, the user is prompted to confirm their 
choice.

P o l l  c a te g o r y  screen Selecting the ‘Take a poll’ menu option navigates the user to the Poll 
category screen, shown in Figure 5.5c. This screen displays the available categories retrieved 
from the backend server, along with a short description of each. The screen differs from that 
of the prototype client applications (see Appendix A.2) in that polls are grouped according to 
specific categories, potentially allowing the user to find polls of interest in less time. Results 
from the informal usability evaluation (see Section 3.6) guided the redesign of this screen. In an 
attempt to simplify navigation, a ‘breadcrumb’ trail is provided in the screen title, outlining the 
steps followed to get to the current screen. A ‘Back’ soft key is visible on the Java ME platform,
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(a) L o g in  screen (b) H o m e  screen

(c) Available categories (d) Available polls with the ‘W ater monitoring’ 
category

(e) Responding to a po’ (f) R e s u lts  screen

Figure 5.5: Cross-platform  client application
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allowing the user to return to the H o m e  screen. This action is performed using a regular button 
on iOS, or hardware back button on the remaining platforms.

Available polls screen After selecting a category, the user is navigated to a screen displaying 
the available polls within the chosen category. The ‘Water monitoring’ category, for example, 
contains the polls shown in Figure 5.5d. Although three polls exist within the category, only 
two are shown due to the simulator’s limited display resolution. As with the previous screen, a 
‘breadcrumb’ trail of the steps taken is shown in the screen title.

Poll response screen Having selected a poll, the user is presented with a screen where they 
are able to respond to the poll. Available responses are dependent on the type of poll the user is 
answering (see Section 5.2). While the c u s to m  poll type provides a set of predefined responses 
as radio buttons, a t e x t  r e s p o n s e  provides a text box into which an open-ended response may be 
typed. U p lo a d  im a g e s  poll type is used exclusively for the reporting of service delivery complaints, 
as will be described in Section 5.8.3. The client application detects the poll type and adapts the 
P o l l  r e s p o n s e  screen accordingly. Figure 5.5e shows an example of a c u s to m  poll type containing 
four predefined responses, of which three are visible. The user selects the most fitting response 
and selects ‘Submit’ to confirm their answer or ‘Cancel’, which returns them to the previous 
screen.

Results screen Once a poll response has been successfully submitted, the user is presented 
with the R e s u l t s  screen. In an attempt to promote transparency, a summary of all citizen 
responses to the given poll is provided (excluding t e x t  r e s p o n s e  and u p lo a d  im a g e s  poll types, 
due to their open-ended nature). Result summaries take the form of a numerical table (see Figure 
5.5f), as well as pie and bar charts which are displayed by pressing the ‘Show charts’ soft key 
(see Figure 5.7). If running on Android, iOS or Windows Phone, interactive charts are provided. 
After closing the R e s u l t s  screen, the user is navigated back to the A v a i la b le  p o l l s  screen, allowing 
them to continue answering service delivery polls. This is unlike the prototype client applications 
(see Appendix A.2), which returned to the H o m e  screen. The design of the chart visualisations 
is described in Section 5.6.3.

Update profile screen The ‘Update profile’ menu option appears second on the H o m e  screen. 
Selecting this menu option navigates the user to the screen shown in Figure 5.6a, allowing the 
user to modify their profile. Options include changing their preferred language (between English, 
isiXhosa and Afrikaans), as well as subscribing to, or unsubscribing from MobiSAM SMS and 
e-mail updates. Updates are sent to the user’s contact details provided during registration. 
Changes are applied by selecting the ‘Save’ soft key on Java ME handsets, or ‘Save’ button on 
the remaining platforms.
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(a) U pdate p ro file  screen presented in (b) I n fo r m a t io n  dialog
isiXhosa

Figure 5.6: Cross-platform  client application

The final H om e, screen menu option, ‘E x it’, closes the client application, releasing all allocated 
device resources. If the  user selected ‘Keep me logged in ’ during the  login procedure, they will 
rem ain logged in after closing the client application. This causes the  L o g in  screen to be bypassed 
the  next tim e the client application is launched, instead navigating the  user directly to the  Home. 
screen. .Java ME handsets display a ‘Log o u t’ soft key (see Figure 5.5b), allowing the user to 
safely log out of their account. This action is provided via a regular b u tton  on iOS, or hardw are 
back b u tton  on the rem aining platform s.

I n f o r m a t i o n  dialog A generic dialog, shown in Figure 5.6b, appears should a problem arise 
during use of the  client application. For example, should the user incorrectly enter their creden
tials when a ttem pting  to  log on, or the  backend server is unable to  be reached, the  necessary 
inform ational text is provided, keeping the  user informed. All network related operations tim eout 
after 30 seconds, after which tim e the user is also presented with the I n fo r m a t io n  dialog.

5.6.3 V isualisation

A m otivating factor behind the development of installable client applications was their potential 
to  allow for a more immersive and engaging user experience when com pared to the  mobile- 
optim ised website. Visualisations w ithin the  client application were designed to be d e a r  and 
concise, in an a ttem pt to swiftly convey poll results to the  user. As such, three different visu
alisation types were included: a pic chart, a bar chart and a numerical table. W hile Few, in 
his article Save. the. P ie s  f o r  D e sse r t , argues th a t pic charts arc less apt for accurately conveying 
inform ation when compared to  bar charts [44], it was decided to include several different visu
alisation types w ithin the client application. The effectiveness of each would then be assessed 
during the  usability evaluation (see C hapter 6).
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(a) Pie chart. (b) Bar chart

Figure 5.7: S tatic  image charts

Although CN1 supports a wide variety of mobile platform s, not all platform s offer identical 
functionality. Depending on the host platform , two different visualisation approaches were taken 
w ithin the  client application. The first approach is used when the client application is installed 
on a .Java ME or BlackBerry OS device, and visualises poll results using sta tic  image charts. 
The second approach, which provides interactive chart visualisations, is used by the remaining 
platform s.

For more inform ation relating to  the technical im plem entation details of the  chart visualisations, 
please refer to electronic Appendix A.3.3.

Static chart design

W hen designing the  chart visualisations, several visualisation principles were paid close attention  
(sec Section 2.8.1). Depending on the poll question, c u s to m  poll type results can be categorical 
or ordinal, 1-dimensional da ta  (sec Section 2.8.1). As such, appropriate chart types were chosen 
in order to  best visualise it. Pic and bar charts held particular m erit due to their widespread use 
and simple design. In order to  leverage these chart types effectively, visual variables proposed 
by W ard e t al. were consulted, including position, m ark, size, brightness and colour (sec Section 
2 .8 .1) .

As shown in Figure 5.7, a brightly coloured palette  was used for each chart, in order to  maximise 
legibility. Each scries is represented by a unique colour and its corresponding percentage value is 
rendered within each. The lim itations of mobile visualisations, highlighted by C hittaro  [29], were 
kept in m ind throughout the  design process, making sure th a t the  charts were able to convey 
meaning in a variety of physical environments.
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Due to  the  lim ited display resolution of the Nokia Asha 201 handset, the  user is required to  scroll 
down to  view the entire chart. This decision was m ade in order to provide suitably sized, clearly 
legible chart visualisations on low-end handsets.

Interactive chart design

Suitably chosen visualisations have been shown to enhance hum an cognition [112], while in ter
activity provides a means for the  user to  directly engage with the  visualisation process. This 
in teractiv ity  both  encourages and supports the  exploration process, helping expose the  underly
ing inform ation [202]. Eager to  accrue these potential benefits, it was decided to  include basic 
in teractiv ity  w ithin each of the  chart visualisations. This functionality was then critiqued via 
usability evaluation in order to determ ine the  real-world advantages it provided to the user (sec 
C hapter 6).

■  Smells (or tastes) of chlorine/blea...
■  Smells (or tastes) of rotten eggs/o...
■  Is cloudy in colour
■  Is brown in colour

(a) Overview (b) A utom ated panning and (c) Inform ation dialog
zooming

Figure 5.8: Interactive pic chart

Instead of presenting details directly on the  charts themselves, it was decided to implement 
‘dctails-on-dcm and’, a task  defined by Shneiderm an in his collection of seven abstract tasks (sec 
Section 2.8.2). After responding to a service delivery poll, and selecting ‘View pic ch a rt’, the user 
is navigated to a blank chart, shown in Figure 5.8a. This chart provides a graphical overview 
of the  poll results, w ithout detailing any actual values. The user is then able to tap  areas of 
interest, which the screen then autom atically pans and zooms into, as illustrated in Figure 5.8b. 
After the  transition  has completed, a dialog appears, revealing inform ation about the  selected 
scries, as shown in Figure 5.8c. Inform ation includes the  name, value and percentage of the 
selected chart portion. The dialog is dismissed by pressing !O Iv , after which the  chart pans and 
zooms out, providing an overview of the  entire chart once again.
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Numerical table design

As an alternative to chart visualisations, poll results are arranged in a numerical table (see 
Figure 5.5f). The table is presented to the user directly after answering a poll and aims to 
provide a quick summary of responses to a particular poll. During the usability evaluation the 
numerical table was evaluated alongside the chart visualisations, in an attempt to determine 
which technique was more apt at conveying the necessary information (see Chapter 6). As with 
the static image charts, the user is required to scroll to reveal more information when used on 
low resolution devices.

5.6.4 M iscellaneous

Several miscellaneous features were implemented within the client application to ensure that user 
requirements were met. Three of these are described next. For more information relating to the 
technical implementation details of each, please consult electronic Appendix A.3.4.

Connectivity

The client application interacts with the backend server via a RESTful API (see Appendix C). 
The API is reached over HTTP, providing the REST routes required by the client. The necessary 
payloads are contained within the body of HTTP requests and responses are JSON-encoded. 
JSON was chosen over XML due to the performance gains it offers, as well as smaller object 
size (see Section 2.5.5). These characteristics make JSON well suited for low-powered handsets, 
while at the same time potentially reducing bandwidth consumption, and thus the data costs 
associated with using the client application.

Localisation

As highlighted by the 2011 National Census (52] and subsequently reiterated by the baseline 
study presented in Chapter 4, isiXhosa, English and Afrikaans are the most widely used lan
guages within Grahamstown. It was therefore decided to offer support for each of them, poten
tially reducing any language barriers associated with using the MobiSAM service. The client 
application’s language is modified from within the Update profile screen, depicted in Figure 5.6a. 
After a different language is selected and the ‘Save’ button pressed, all UI text is displayed in 
the chosen language. All poll questions retrieved from the backend server also appear in the 
preferred language.
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Data persistence

Data persistence allows the client application to preserve its settings from one invocation to the 
next. When storing a preference, a key is specified along with its corresponding value. This 
value may then be retrieved by using its key. Within the client application, the user’s preferred 
language, as well as SMS and e-mail alert preferences are saved to persistent storage. If ‘Keep 
me logged in’ is selected during log in, the necessary session information is also preserved.

5.7 U pdated cross-platform M obiSAM  client application

This section provides an overview of the modifications made to the cross-platform MobiSAM 
client application, guided by the results from the usability evaluation (see Chapter 6). First, the 
updated requirements and specifications are presented (Section 5.7.1). Design changes made to 
the UI and navigation (Section 5.7.2), as well as visualisation are then detailed (Section 5.7.3). 
Modifications discussed in this section were performed during Iteration 3 of the life-cycle model 
(see Section 3.4.3).
Due to space restrictions, a detailed account of the technical implementation has been provided 
as an electronic resource. Please refer to electronic Appendix A.4 for more information.

5.7.1 R equirem ents and specifications

The usability evaluation, presented in Chapter 6, aimed to determine how intuitively participants 
were able to navigate within the cross-platform client application. In addition, the study invest
igated how effectively different visualisations were able to convey meaning, as well as evaluate 
the role which chart interactivity played in helping participants better understand poll results. 
Feedback from the study identified several shortcomings relating to both the visualisation cap
abilities and usability of the client application (see Section 6.8). These shortcomings lead to an 
updated set of requirements, which were then clarified and noted, extending the client applica
tion’s original specifications. The following updated requirements were identified:

• shift the focus of the client application away from the answering of polls, to the reporting 
of specific service delivery issues;

• remove any ambiguous category names;
• remove bar chart visualisations;
• improve affordance to better indicate chart interactivity;
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•  allow the user to update  their current suburb from within the client application, as well as 
provide suburb-specific results; and finally,

• prom pt the user to  save changes before navigating away from the U pdate p ro file  screen.

W hile not all feedback and suggestions were included in the  updated  requirem ents, all issues 
raised by participants were considered. Issues th a t appeared more th an  once were given particular 
attention .

5.7.2 User interface and navigation

As the MobiSAM service was initially envisioned as a mobile phone-based polling framework, 
enabling the m onitoring of basic municipal services through the regular answering of service 
delivery polls, the  ‘Take a poll’ menu option seemed fitting. Results from the first usability 
evaluation, however, revealed th a t participants were more concerned about being able to  report 
spec ific  service delivery grievances (see Section 6.8). Consequently, a selection of new screens 
were designed in order to reflect the client application’s shift in focus. Each new screen, as well 
as modifications to existing screens arc described next.

For inform ation relating to the technical im plem entation details of the  client application’s UI, 
please see electronic Appendix A .4.1.

Figure 5.9: U pdated cross-platform client application running on all supported platform s (not 
to  scale)

H o m e  screen In an a ttem pt to  shift the client application’s focus, the H om e, screen menu was 
modified to  include the  option ‘R eport a problem ’, as illustrated in Figure 5.9. Im portantly, the 
updated  client application continues to  allow the user to  respond to service delivery polls via the 
‘Take a poll’ menu option. Stylised icons arc now included alongside each menu option, further
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clarifying their purpose. In addition, the ‘Exit’ menu option has been removed and placed as a 
soft key on the Java ME platform. This action is performed using the hardware back button on 
Android, BlackBerry OS and Windows Phone, prompting the user to confirm their action. A 
regular ‘Log out’ button is provided on iOS.

Report category screen Pressing the ‘Report a problem’ menu option navigates the user 
to the newly designed R e p o r t  c a te g o r y  screen, shown in Figure 5.10a. The four basic services 
each municipality is tasked to provide are listed here: water, electricity, roads and sanitation. 
An additional ‘Other’ menu option is included for unrelated service delivery issues. Similar to 
the H o m e  screen, descriptive icons are included alongside each menu option. In an attempt to 
help guide the user through the reporting process, it was decided to include context sensitive 
information in the title of the screen. The R e p o r t  c a te g o r y  screen, for example, shows the text 
‘What type of problem is it?’ as opposed to detailing the steps taken: ‘Report a problem s Report 
category’.

Available reports screen After selecting the desired report category, the user is presented 
with a list of available reports for the chosen category. As illustrated in Figure 5.10b, a blue 
arrow is included alongside each report. Once again, the screen title contains context sensitive 
instructional text: ‘What is the problem?’.

Reporting  screen Figure 5.10c illustrates the R e p o r t in g  screen. The screen’s minimal design 
is geared towards the reporting of service delivery problems, as opposed to the answering of 
service delivery polls. The name of the problem currently being reported appears in the title 
of the screen. For example, if ‘I want to report a water outage’ is selected from the A v a i la b le  
r e p o r ts  screen, this text is shown in the screen title. A text box is provided into which the user 
may enter the address nearest to the problem being reported, taking the form of a t e x t  r e s p o n s e  
poll type (see Section 5.2). This is required so as to inform the municipality about the exact 
whereabouts of the issue. Two soft keys, ‘Back’ and ‘Send report’ appear when running on the 
Java ME platform. The back action is accessible via the hardware back button on Android, 
BlackBerry OS and Windows Phone devices, while ‘Send report’ appears as a regular button. 
Both of these actions are represented by regular buttons on the iOS platform.

Report sent screen After sending a report the user is presented with the R e p o r t  s e n t  screen, 
shown in Figure 5.10d. As the backend server does not provide a summary of recently received 
t e x t  r e s p o n s e  poll responses, no form of visualisation is provided. Instead, the screen simply 
informs the user that their report has been received and will be attended to within 24 hours. 
Selecting ‘Done’ returns the user to the H o m e  screen.
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(a) R e p o r t  ca teg o ry  screen (b) Available reports for ‘W ater’

(c) Reporting a water outage (d) R e p o r t  s e n t  screen

Figure 5.10: U pdated cross-platform  client application
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Poll category screen As with the original cross-platform client application, selecting the 
‘Take a poll’ menu option allows the user to respond to a variety of service delivery polls. First, 
the user is presented with the P o l l  c a te g o r y  screen which displays all available poll categories 
retrieved from the backend server. While the screen remains virtually unchanged from the original 
client application, results from the usability evaluation highlighted the importance of providing 
unambiguous category names (see Section 6.8). In an attempt to remedy potential ambiguities, 
each category name and category description was renamed via the MobiSAM web-interface. In 
addition, blue arrows are now included alongside each available category, as shown in Figure 
5.11a. The screen title text was also modified and instead of showing a ‘breadcrumb’ trail of the 
steps performed, now shows the context sensitive text: ‘Select a category’.

Available polls screen After selecting a category, the user is navigated to the A v a i la b le  p o l l s  
screen. Modifications made to this screen include the inclusion of arrows alongside each available 
poll as well as updated screen title text (see Figure 5.11b). Instead of showing a ‘breadcrumb’ 
trail, context sensitive text takes its place: ‘Select a category’.

Poll response screen Selecting a poll navigates the user to a screen where they are able 
to respond to the poll. Design modifications made to this screen were cosmetic and included 
bolding the question text (for example, ‘How is your water pressure today?’) in order to 
better attract the user’s attention. In addition, the screen title now provides instructional text 
to the user: ‘Select a response’. Figure 5.11c depicts the updated P o l l  r e s p o n s e  screen.

Results screen Finally, after submitting a poll the user is presented with the R e s u l t s  screen. 
As illustrated in Figure 5.l i d , the screen contains a numerical table summarising other residents’ 
responses. In accordance to feedback received from the usability evaluation, the screen now only 
shows responses from residents within the user’s current suburb, as opposed to Grahamstown- 
wide results. In addition, minor cosmetic changes were made, including rephrasing of the screen 
text. A soft key named ‘View chart’ is visible when running on the Java ME platform. This 
appears as a regular button on the remaining platforms. Pressing ‘View chart’ takes the user to 
the updated V is u a l i s a t io n  screen, which will be detailed in Section 5.7.3.

Update profile screen The user is now able to update their current suburb from directly 
within the client application, as shown in Figure 5.l i e . All other options remain unchanged.

5.7.3 V isualisation

A primary objective of the usability evaluation was to determine how effectively different chart 
visualisations convey poll results to users (see Chapter 6). In particular, whether interactive



(a) Available categories (b) Available polls

(c) Answering a service delivery poll (d) R e s u lts  screen

(e) U pdate p ro file  screen (f) Static pie chart.

Figure 5.11: U pdated cross-platform  client application
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charts be tte r help users understand poll results. W hile participant feedback relating to chart 
in teractiv ity  was positive, three-quarters (75%) of participants did not use this functionality (see 
Section 6.8.4). Upon further exam ination of the  results, this may have been due to the  fact 
th a t participants were unaware th a t the  charts were interactive. Participants also indicated th a t 
instead of providing a blank chart (see Figure 5.8a), which users are required to  ‘ta p ’ to  reveal 
details, they would prefer basic values to  be included on the  charts.

Figure 5.12: U pdated interactive pie chart

This allows additional details to  be revealed by tapping different areas of the  chart. As p arti
cipants showed a strong preference towards pie charts, bar charts were removed from the client 
application. As with the  initial cross-platform  client application, static  charts are leveraged by 
■ Java ME and BlackBerry platform s, while interactive charts are used by the  rem aining platform s.

For more inform ation relating to  the technical im plem entation details of the  chart visualisations, 
please refer to electronic Appendix A.4.2.

Static chart design

Figure 5.I l f  shows the newly designed static  image chart. Sectors of the pie chart are arranged 
clockwise in order of m agnitude, with the  size of each depicted as a percentage. Sectors are 
coloured differently to the  original pie chart, making use of a more vivid colour palette. This 
was done in an a ttem pt to further improve the  ch a rt’s legibility. The chart now also makes 
b e tte r use of the  available display area, allowing it to  be viewed in its entirety  w ithout scrolling, 
thus reducing load on the  user’s short term  memory. In addition, the  legend is now positioned 
alongside the  chart when viewed on a handset with a landscape display. W hile appearing below 
the chart when viewed on a portra it display.



5.8. CROSS-PLATFORM MOBISAM REPORT CLIENT APPLICATION 90

Interactive chart design

Modifications made to the interactive chart aimed to draw attention to its interactivity. As such, 
the text ‘tap chart for details’ along with a descriptive icon are now included above the chart 
(see Figure 5.12). When viewing an overview of the chart, percentages are now displayed within 
each sector. All other options remain unchanged.

5.7.4 A dditional m odifications

It is important to note that the GPS functionality (see Section 5.8.3), reverse geocoding (see 
Section 5.8.3) and photo capture capabilities (see Section 5.8.3), from the MobiSAM Report 
client application (discussed next), were incorporated within the updated cross-platform client 
application before conducting the final usability evaluation (see Chapter 7). This ensured that a 
similar set of features existed between the two cross-platform client applications, thus allowing 
for meaningful comparisons to be made between each. These modifications took place during 
Iteration 3 of the life-cycle model (see Section 3.4.3).

5.8 Cross-platform M obiSAM  Report client application

This section provides an overview of the design and implementation of the cross-platform Mo
biSAM Report client application. Developed during Iteration 3 of the life-cycle model (see Section
3.4), MobiSAM Report offers an alternative to the MobiSAM client application, albeit with a 
single focus: the detailed reporting of specific service delivery problems. The requirements and 
specifications are first described (Section 5.8.1), followed by the design and implementation of 
the UI (Section 5.8.2), as well as additional miscellaneous features (Section 5.8.3).
Due to space restrictions, a detailed account of the technical implementation has been provided 
as an electronic resource. Please refer to electronic Appendix A.5 for more information.

5.8.1 R equirem ents and specifications

The original cross-platform MobiSAM client application (see Section 5.6) was developed as a 
mobile phone-based polling application, allowing for the ongoing monitoring of basic services, 
instead of reporting specific service delivery concerns. With this in mind, a stakeholder in the 
MobiSAM project suggested that a new version of the client application be developed, focusing 
on the reporting of specific service delivery problems. The stakeholder stated that emphasis 
should be placed on reporting, rather than the answering of polls and subsequent visualisation 
of results.



5.8. CROSS-PLATFORM MOBISAM REPORT CLIENT APPLICATION 91

Requirem ents from the stakeholder were brief, in which they provided a simple ‘m ock-up’ of the 
client application design. In addition, they expressed the  need for residents to  be able to upload 
photographs of issues being reported. This would allow them  to prioritise responses to  reported 
issues, based on knowledge of the severity of the  situation depicted in the images. Furtherm ore, 
they requested the  ability for the  user to  obtain  their current position using their handse t’s 
built-in GPS capabilities (when supported). Accordingly, specifications were derived from these 
requirem ents, leading to the design of a new cross-platform  client application: MobiSAM Report.

5.8.2 User interface and navigation

This section describes the  UI, as well as the  navigation approach taken by MobiSAM Report. 
The design of each application screen is presented. For inform ation relating to  the  technical 
im plem entation details of the  client application’s UI, please sec Appendix A.5.1.

I CARRIER

MobiSAMReport MobiSAM
R  tpori

MobiSAMReport

Water Electricity

Electricity

Sanitation

Settings

©MobiSAM

Figure 5.13: MobiSAM R eport running on all supported platform s (not to  scale)

S ign in  screen After launching MobiSAM Report, the  user is presented with the  S ig n  in  
screen, shown in Figure 5.14a. The screen follows a very similar design to the  L o g in  screen of the 
cross-platform  MobiSAM client application. Notable differences include use of the  phrase ‘Sign 
in ’ instead of ‘Log in ’, an updated  application logo, as well as the  removal of the ‘Usernam e’ 
and ‘Passw ord’ instruction tex t, instead placing each as a hint w ithin the  text entry  areas. The 
tex t ‘Keep me logged in ’ was also shortened to  ‘Remember m e’, making it b e tte r suited to  low 
resolution displays. As with the  cross-platform client application, all screen title  tex t throughout 
MobiSAM R eport appears in bold, as docs the text of currently selected UI components.

H o m e  screen Instead of providing a list of possible actions, the  MobiSAM R eport Home. 
screen consists of four icons arranged in a 2x2 grid, as illustrated in Figure 5.13. These icons 
correspond to  the four basic services which all municipalities in South Africa arc m andated  to
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provide: water, electricity, roads and sanitation. The MobiSAM R eport logo appears at the  top 
of the  screen on all platform s excluding .Java ME, due to the low resolution displays often used 
by feature phones. In addition, ‘Sign o u t’ and ‘Settings’ soft keys arc included when running 
on .Java ME. These actions arc accessed via the  hardw are bu ttons on Android, BlackBerry and 
W indows Phone devices, while appearing as regular bu ttons on iOS.

R e p o r t i n g  screen Selecting an icon on the H om e, screen navigates the  user to the correspond
ing R e p o r tin g  screen. Instead of providing a separate screen for each issue being reported (as is 
the  ease w ith the  cross-platform  client application), the  R e p o r tin g  screen contains a predefined 
set of common issues for a given report category (water, electricity, roads and sanitation). Each 
predefined issue was specified by the stakeholder and is represented by a radio bu tton , as shown 
in Figure 5.14b.

Before subm itting a report, the user is required to  provide the  address or position of the  issue 
being reported. This can cither be entered m anually or obtained using the  handset’s built-in 
GPS (when supported). In addition, the  user may capture and include a photo of the issue being 
reported by ticking the option: ‘I ’d like to  take a photo and attach  it to  my rep o rt’. Once ticked, 
the  handset’s cam era application is launched, allowing the user to  capture a photo. Finally, a 
tex t entry  area is provided where additional inform ation may be included along w ith the  report. 
Two soft keys, ‘OK, send rep o rt’ and ‘Back’, arc included on the  -Java ME platform . These 
appear as regular bu ttons on the  rem aining platforms.

(a) S ig n  in  screen (b) Reporting a water issue

Figure 5.14: MobiSAM Report

S e t t i n g s  screen The S e t t in g s  screen, shown in Figure 5.15, is analogous with the  U pdate  
p ro file  screen in the  cross-platform  MobiSAM client application. Here, the  user is able to  specify 
their preferred language and current suburb. Changes arc applied autom atically, w ithout the 
user having to save changes.



5.8. CROSS-PLATFORM MOBISAM REPORT CLIENT APPLICATION 93

R e p o r t  s e n t  screen The R e p o r t s e n t  screen is identical to th a t used by the cross-platform 
client application, shown in Figure 5.10d, and serves to  inform the user th a t their report has 
been successfully sent. As the backend server does not make available a sum m ary of received 
p h o to  up loads reports, no form of visualisation is provided.

Figure 5.15: S e t t in g s  screen

5.8.3 M iscellaneous

This section discusses the  variety of miscellaneous features im plem ented w ithin MobiSAM Re
port. Each of them  are described next. For more inform ation relating to  the  technical imple
m entation details of each, please consult electronic Appendix A.5.2.

GPS functionality

W hen reporting an issue, the user is required to provide an address nearest to  the issue being 
reported. W hen supported, the handset’s built-in GPS may be used to obtain this positioning 
inform ation. Access to this functionality is provided using the  CN1 location A PI which allows 
developers to  request a handse t’s position or track position changes.

Reverse geocoding

Handset coordinates returned by the  location A PI are converted into a hum an-readable address 
through a process known as reverse geocoding [64]. The Google reverse geocoding service0 is 
used to  perform this conversion. As the  service has lim ited resolution, suburb names are often 
excluded. This missing inform ation is provided using an intersection algorithm , which returns 
the  nam e of the  suburb into which the  user’s position coordinate falls.

“Reverse Geocoding littp://developers.google.com /m aps/docum entation/geocoding/#ReverseG eocoding
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Photo capture

The ability to capture and attach photos to reports allows the municipality to effectively prioritise 
reported issues. This feature is supported by handsets which contain a camera module. In an 
attempt to reduce processing time and bandwidth consumption, images are captured as a width 
of 600 pixels, while image height is dependant on the aspect ratio of the handset’s imaging sensor 
as well as the orientation of the device. Only a single photo my be attached per report.

Connectivity

The ability to upload a report, which includes a captured image as well as position coordinates 
and descriptive text is achieved using the upload images poll type (see Section 5.2). Several 
new polls were created on the backend server, each representing an available report listed on the 
Reporting screen.

5.9 Summary

This chapter presented the design and implementation of two cross-platform MobiSAM client 
applications. Background information relating to the MobiSAM service was first provided. Next, 
the MobiSAM system’s architecture was described. The design and implementation of the cross
platform client applications, MobiSAM and MobiSAM Report, were then discussed. Updates 
made to the cross-platform MobiSAM client application were also detailed. The next chapter 
presents the first of two usability evaluations performed using the cross-platform MobiSAM client 
application.



Chapter 6

Evaluation: navigation and 
visualisation

6.1 Introduction

This chapter presents the usability evaluation performed using the cross-platform MobiSAM 
client application. The evaluation aimed to determine how intuitively participants were able 
to navigate within the client application. It also aimed to determine how effective different 
visualisation techniques were at conveying meaning to participants, as well as the role which 
interactivity played in helping participants to better understand visualised poll results. In ad
dition, the evaluation intended to identify any usability concerns and functional problems to be 
addressed during subsequent development iterations.
The chapter begins by describing the study sample (Section 6.2), data-collection instruments 
(Section 6.3) as well as method and analysis (Section 6.4). It then details the study tasks 
(Section 6.5) and corresponding results (Section 6.7). Finally, it provides an in-depth analysis 
and discussion of the results (Section 6.8), highlighting interesting trends and important findings.

6.2 Study sample

A stratified sampling technique was employed in this evaluation, with opportunity sampling 
within each strata (age and gender demographics). This allowed the researcher to select parti
cipants who were most easily accessible. Instead of selecting a sample strictly representative of 
the Grahamstown population at large, it was decided to select participants from a broad cross
section of different age groups. This way, the researcher was able to determine how participants

95



6.3. DATA-COLLECTION INSTRUMENTS 96

performed across a variety of different ages. Thirty (n = 30) participants took part in the usabil
ity evaluation. Due to the potentially lengthy process of having to ask a parent/guardian to sign 
a consent form for minors, participants were limited to citizens 18 years and older. Across all 
results, responses were classified into the following race groups: White, Indian/Asian and Black 
African /Coloured.

6.3 Data-collection instruments

In an attempt to capture as much useful data as possible, three separate questionnaires were 
developed which focused on gathering both quantitative and qualitative feedback from parti
cipants. The first, a pre-intervention questionnaire, comprised of two sections: demographic 
information and mobile phone usage habits. The first section consisted of four questions which 
solicited information such as race, gender, preferred language and highest level of education. 
The second section consisted of 15 questions soliciting feedback on mobile phone ownership and 
current use thereof. These included questions relating to the brand of mobile phone, network 
provider, amount spent on airtime per week, mobile services accessed, and the use of third-party 
mobile applications.
The second questionnaire contained the four study tasks to be performed by participants and 
used to evaluate the MobiSAM client application. Each task was designed to be representative of 
the client application’s real-world use and when combined, spanned a broad spectrum of the client 
application’s functionality. In the process of piloting the questionnaire, it became apparent that 
it was unrealistic to expect each participant to perform all four tasks in one sitting. Participants 
were instead randomly assigned a pair (2) of tasks. To ensure that every task combination was 
evaluated, tasks were grouped as follows: Task 1 & 2; Task 1 & 3; Task 1 & 4; Task 2 & 3; Task 
2 & 4; and finally Task 3 & 4. Consequently, each task combination was performed by a total 
of five different participants (n = 30). It is important to note that while all task combinations 
were performed, not all permutations thereof where undertaken during the study.
A small number of statements and questions were posed directly after each task, quizzing par
ticipants on the task which they had just attempted. These aimed to quantify the level of task 
satisfaction. A five-point Likert scale was used to record responses to the statements, while a 
simple ‘yes’, ‘no’ or ‘maybe’ was recorded for each question. Both positively and negatively 
worded Likert statements were used in an attempt to mitigate the constant error caused by 
the acquiescence effect [122]. Additional space was provided below each statement or question 
allowing participants to elaborate upon their choice, if they so desired.
The third and final questionnaire consisted of two sections: application navigation and ap
plication visualisation. The first section comprised of four questions which aimed to gather
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information relating to the client application’s ease of use and navigation, as well as how in
tuitive participants found the Home screen. The second section comprised of five questions 
soliciting feedback surrounding the effectiveness of the client application’s visualisations, as well 
as determining which visualisation technique was found most useful by participants. An open- 
ended question was also included, requesting that participants bring attention to any additional 
suggestions or concerns relating to the client application.
In addition to the previously mentioned paper-based questionnaires, the client application was 
modified in order to log a variety of different task performance measures, including the number 
of log in attempts; task duration; and number of button press events made while performing a 
task. In order to prevent the variable latency of network operations potentially effecting timing 
results, all tasks were simulated. Details of the client application modifications are presented 
in Appendix A.3.5. General written observations were also made for each participant, such as 
the reason for a participant not completing a task, or when values were incorrectly read from a 
visualisation.

A copy of the study questionnaires are provided in electronic Appendix B.2.

6.4 M ethod and analysis

In accordance with University protocol, ethics approval was obtained (tracking number CS13- 
12) before the study proceeded. The researcher and research assistant then began recruiting 
participants required to constitute the study sample described in Section 6.2. A field setting 
was employed during the study in an attempt to mirror the variable physical environment in 
which the client application is likely to be used. In addition, this approach eased the recruiting 
process as citizens were able to be evaluated anywhere, any time, without prior arrangement. 
Each usability evaluation took between 20 and 40 minutes to complete, depending on the tasks 
given as well as the pace of the participant.
Participants were approached and enlisted in May 2014 from numerous public areas within 
Grahamstown: communal areas in the informal settlement; Rhodes University campus; and by 
referral from existing participants. Several of the research assistant’s acquaintances also took 
part in the study. As each evaluation took significantly more time when compared to the baseline 
study questionnaire (see Chapter 4), it was not possible to enlist pedestrians as they were often 
going about their daily duties and unable to offer their time. Participants were not given any 
form of remuneration or incentive for their involvement.

Before agreeing to participate, citizens were informed about the purpose of the study and told 
what the study would entail. Once a citizen agreed to participate, a consent form was signed. The 
citizen was then presented with a pre-intervention questionnaire to complete before proceeding
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with the study tasks. Depending on the preference of each participant, questionnaires were 
either completed by themselves or verbally, with the researcher transcribing their responses. 
While the questionnaires and tasks were only available in English, the research assistant was 
able to translate between English and isiXhosa when required. All responses were kept strictly 
confidential with participants being assigned a number at random, making it impracticable to 
trace a specific questionnaire back to an individual.
After completing the pre-intervention questionnaire, the participant was given a choice of two 
possible handsets on which to perform the study tasks: a Nokia Asha 201 feature phone (Series 
40 5th Edition) or a Samsung Galaxy Pocket smartphone (Android OS 2.3). Although the device 
display resolutions are identical, the Nokia handset is equipped with a QWERTY keypad while 
the Samsung makes use of a touchscreen display. In an attempt to determine whether participants 
preferred static or interactive chart visualisations, a different visualisation technique was used 
by each handset (see Section 5.6.3).
Having selected a handset, the researcher launched the client application, logged in and informed 
the participant that they had approximately two minutes to explore the application before start
ing the study. This exploration task aimed to increase the participant’s familiarity with the 
client application, providing them with enough confidence to perform the study. Assistance was 
provided when needed. Once the time had expired, the participant was presented with the study 
task questionnaire, containing a pair of tasks (see Section 6.3 for possible task combinations). 
Each task was performed sequentially, therefore Task 1 was always performed first, irrespective 
of the task combination, whereas Task 4 was always performed last. This helped the researcher 
assess the learnabilitv of the client application. After performing each task, the participant was 
then presented with several statements relating to the task (for example, “Logging in to the 
MobiSAM app was easy”). Statements were administered to participants immediately after each 
task in order to improve the accuracy of participant responses (97]. Responses to the statements 
took the form of a five-point Likert scale. Although no time limit was imposed on tasks, minimal 
guidance was offered to struggling participants when required. This assistance was recorded in 
the observational notes.
After performing both tasks and responding to the necessary post-task statements and questions, 
the participant was finally presented with the post-intervention questionnaire. This questionnaire 
aimed to gather detailed participant feedback relating to the client application’s navigation and 
visualisation capabilities. Once the target number of participants had been obtained (n = 30), 
the raw results from the evaluation were captured electronically using Google Forms and analysed 
using Microsoft Excel. A detailed description of the analysis techniques is presented in Section 
6 .8 .
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6.5 Study tasks
Four tasks were constructed as part of the usability evaluation, each designed to be representative 
of the client application’s real-world use. Tasks attempted to evaluate the main features of the 
client application: logging in; answering various poll types; interpreting returned poll results; 
and updating one’s user profile. As the initial focus of the MobiSAM and Makana Municipality 
collaboration was the monitoring of potable water (see Section 1.5), all study tasks related to 
this basic service. Additional categories (roads, sanitation and electricity) were included at a 
later stage in response to formal requests made by Makana Municipality. Each task is described 
next.

6.5.1 Task 1: N o water

Task 1 aimed to determine how easily participants were able to answer a custom (yes or no) 
poll type (see Section 5.2) as well as comprehend the returned poll results, using the chart 
visualisations. In this task, participants were instructed to use the client application to inform 
their municipality that they were without running water. The task consisted of four distinct 
steps:

1. First, participants were required to log in to the client application using the provided 
username and password combination.

2. Once logged in, participants were asked to follow the necessary steps to inform Makana 
Municipality that there was currently no water at their home or place of residence.

3. After having successfully submitted their poll response, participants were asked to use 
the chart visualisations to determine how many other residents (both the number and 
percentage) within their suburb were also without water.

4. Once participants had written down these figures, they were instructed to navigate back 
to the Home screen.

As poll results were presented to participants in three different forms (numerical table, pie chart 
and bar chart), participants were instructed to use the latter two when determining their response 
to step 3.

6.5.2 Task 2: Leaking pipe

Task 2 aimed to determine how easily participants were able to answer a text response poll (see 
Section 5.2) and instructed participants to use the client application to inform their municipality 
about a leaking pipe. The task comprised of three distinct steps:
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1. First, participants were asked to  log in to  the  client application.

2. Once logged in, participants were instructed to follow the necessary steps to  inform M akana 
M unicipality th a t there was a leaking water pipe at 5 High Street.

3. After having successfully subm itted their response, participants were asked to  re tu rn  to 
the  H om e, screen.

Figure 6.1: Generic F eedback  screen for a te x t  resp o n se  poll type

As te x t  resp o n se  poll types do not re tu rn  results (due to their elaborate, open-ended nature), a 
visual representation of the  results was not presented to  participants. Instead, they were shown 
a F eedback  screen informing them  th a t their response was successfully subm itted, as illustrated 
in Figure 6.1.

6.5.3 Task 3: D irty water

Task 3 aimed to determ ine how easily participants were able to  answer a c u s to m  poll (see Section 
5.2) and in terpret results presented in the  form of pie and bar chart visualisations. Participants 
were instructed  to use the  client application to report d irty  w ater to  their municipality. The task 
consisted of four distinct steps:

1. P articipants were first asked to  log in to  the  client application.
2. After having logged in, participants were asked to follow the necessary steps to  inform 

M akana M unicipality th a t their water was brown in colour.

3. Once their poll response was subm itted, participants were instructed to  make use of the 
chart visualisations to determ ine both  the  num ber and percentage of other residents within 
their suburb th a t were also experiencing brown water.
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4. After having written down these figures, participants were finally instructed to navigate 
back to the Home screen.

As with Task 1, participants were instructed to make use of the pie and bar chart visualisations 
when determining the answer to step 3.

6.5.4 Task 4: Change application language

Task 4 was shorter than other tasks and aimed to determine how easily participants were able 
to modify their user profile. The task was split into three steps:

1. First, participants were asked to log in to the client application.
2. Having successfully logged in, participants were instructed to follow the steps required to 

change the client application’s language from English to Afrikaans.
3. Finally, participants were asked to navigate back to the newly translated Home screen, 

now displayed in Afrikaans.

User profile changes needed to be saved before taking effect.

6.6 Task performance measures

Several parameters were recorded in an attempt to determine how well each participant performed 
during the evaluation. Measurements included task completion rate, task duration as well as the 
number of button press events made. In addition, a usability rating was calculated for each task, 
based on feedback from the post-task questionnaire.

6.6.1 C om pletion  rate

The first and most basic usability metric employed was calculating what proportion of tasks 
attempted by participants were completed as expected. Tasks which were completed, although 
in an unexpected manner, were not considered. Instead, they were grouped together with those 
who did not complete the task. Please note that the phrases ‘completed the task’ and ‘completed 
the task as expected’ are used synonymously from here onwards.
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6.6.2 D uration

Task tim es are a commonly reported usability m etric [122]. Although not considered informative 
on their own, when combined with other m easurem ents (such as task  completion rates or bu tton  
press events), they have the  potential to reveal interesting usability trends.

As task  tim es arc often positively skewed (due to a small num ber of participants taking much 
longer to  complete a given task  th an  others), both  the arithm etic mean as well as the  m edian 
have been shown to be a poor m easure of central tendency [188]. In their paper, Average. T ask  
T im e s  in  U sa b ility  T es ts :  W hat, to  R e p o r t?, Lewis and Sauro showed the geometric mean to  have 
less error and bias when com pared to  the  sample m edian [188]. As such, this technique was 
used when finding the  mean participant duration for a given task. From this point forward, the 
geometric m ean will simply be referred to  as the  mean.

6.6.3 B u tton  press events

The num ber of bu tton  presses m ade by participants when performing each task  was logged. Only 
presses which resulted in the  navigation between different screens were recorded. For example, 
pressing the  ‘U pdate profile’ menu option was counted, whereas changing the  preferred language 
from the drop-down menu was not counted. In addition, the  b u tton  presses of tasks which were 
not completed as expected were not considered.

In order to  serve as a baseline, the minim um  num ber of b u tton  presses required to  perform each 
task  arc sum m arised in Table 6.1. In addition, the minimum num ber of bu tton  presses needed 
to  find the  inform ation as instructed by the task  questionnaire, using the  chart visualisations, 
arc presented. An expert user a ttem pting  Task 1, for example, was able to complete the task 
making a to ta l of five b u tton  presses, irrespective of w hether the  feature phone or sm artphone 
was used.

Table 6.1: Minimum num ber of bu tton  presses required per task

As the num ber of b u tton  presses per task  differed, depending on which handset was used during 
the  evaluation, two sets of figures arc given. In an a ttem pt to  reduce the  effects of outlier
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values, the median was used when calculating the average number of button presses made by 
participants.

6.6.4 U sability  ratings

As previously described (see Section 6.4), several statements were presented to participants after 
having performed each task (for example, “Logging in to the MobiSAM app was easy”), with 
responses taking the form of a five-point Likert scale. Written comments elaborating reasons for 
a particular choice were also encouraged.
In an attempt to quantify how favourably participants answered each statement, a value from 
one to five was assigned to each Likert option. Therefore, if a participant indicated that they 
‘Strongly agree’ to the previous statement, a value of five was scored. Conversely, selecting 
‘Strongly disagree’ would result in a value of one. Assigned values were reversed in the case of 
negatively phrased statements.
A participant’s usability rating for each task was then calculated by adding the values of the 
responses to each statement presented to them and dividing the results by the total. For example, 
assuming a participant answered ‘Strongly agree’ to Ql; ‘Disagree’ to Q2; ‘Agree’ to Q3; and 
‘Neutral’ to Q4, their overall usability rating for the task would be (assuming all statements are 
positively phrased):

5 + 2 + 4 + 3 = 14
Expressed as a percentage, the usability rating for the example task would be:

14
20 0.7 * 100% = 70%

In addition, the usability rating for each statement was calculated by adding the individual Likert 
scores of all participant responses to the given statement. For example, assuming 10 participants 
responded ‘Strongly agree’ to the previous statement while five responded ‘Agree’, the resulting 
usability rating would be (assuming the statement was positively phrased):

(10 * 5) + (5 * 4) = 70

Converted to a percentage, the usability rating for the statement would be:

70 70——  = — = 0.9333 * 100% = 93.33%5 * 15 75
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Finally, in order to determine the mean usability rating for an entire task, the usability rating 
of each statement was added and then divided by the grand total. For example, assuming three 
statements were presented to 15 participants after having performed the task (therefore each 
statement would be out of a total of 75) and scored 70, 57 and 68 respectively. The mean 
usability rating for the entire task would be:

70 + 57 + 68 
(3 * 75)

195
225 0.8667 * 100% = 86.67%

A combination of different usability scores were used when comparing different participant sub
groups as well as identifying usability weaknesses within the client application.

6.7 Results

This section presents the results of the pre-intervention and post-intervention questionnaires, as 
well as the four previously described study tasks. As discussed in Section 6.4, the evaluation 
was designed so that participants performed two out of four possible tasks, resulting in a total 
of 15 responses per task. Tasks were paired up so as to ensure that all six task combinations 
were evaluated five times, giving a total of 30 evaluations. As the study was performed using 
two different handsets, evaluations were split evenly between each model, resulting in 15 eval
uations being performed using the feature phone and 15 evaluations being performed using the 
smartphone. Several different parameters were used as task performance metrics, as described in 
Section 6.6. Questionnaires presented to participants as part of the study are listed in Appendix 
B.2.

6.7.1 P re-intervention  questionnaire

The pre-intervention questionnaire was comprised of two sections (demographics and use of 
technology), the results of which are presented next.

Demographics

The first section of the pre-intervention questionnaire consisted of four questions and aimed to 
elicit basic demographic information such as age, gender, preferred language and highest level of 
education. The race group of each participant was also noted. Of the 30 participants, 43.33% 
were female while 56.67% were male. As reflected in Table 6.2, the majority of participants were 
between 18-30 years, while 16.67% were in the 31-45 years and over 60 years age split respectively.
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60% of participants described themselves as Black A frican/Coloured; 36.67%. as W hite; while one 
participant (representing 3.33%. of the  study sample) indicated th a t they were Indian/A sian.

Age group n Percent
18-30 years 17 56.67%.
31-45 years 5 16.67%.
46-60 years 3 10.00%.

Over 60 years 5 16.67%.
Table 6.2: Age distribution of participants

Participants were also asked to indicate their preferred language of which 80%. specified English 
while the rem aining 20%. specified isiXhosa. Lastly, participants were asked about their highest 
level of education. Referring to  Table 6.3, responses indicated th a t more than  half the  participants 
held a university degree.

Highest level of education n Percent
Some high school 1 3.33%.

M atric 11 36.67%.
Tcchnikon/collcgc diploma 1 3.33%.

University degree 17 56.67%.
Table 6.3: Education level of participants

Use of mobile technology

The second section of the  pre-intervention questionnaire, consisting of fifteen questions, solicited 
feedback relating to partic ipan ts’ use of mobile technology and related services. Questions aimed 
to  determ ine the level of prior experience participants had using mobile technologies and services, 
as well as their fam iliarity installing applications. The m ajority  of questions in this section were 
adapted  from the identically nam ed section in the  baseline study, presented in C hapter 4 .

Of the  30 participants who took part in the  evaluation, all 30 owned a mobile phone. W hen 
asked how long it had been since they obtained their first mobile phone, 96.67%. of participants 
indicated six years or more (see Table 6.4).

Tim espan n Percent
1-5 years 1 3.33%.

6-10 years 16 53.33%.
Over 10 years 13 43.33%.

Table 6.4: Num ber of years since participants obtained their first mobile phone
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Nokia and Samsung devices were owned by most participants, representing 53.3% and 26.7%. of 
the participant handsets respectively. BlackBerry, HTC, Huawei and Vodafone-branded handsets 
were owned by a single participant each (3.33%;), depicted as ‘Other’ in Figure 6.2.

Figure 6.2: Most popular handset brands (n = 30)

Participants were asked to rank the frequency in which they use the data, voice and SMS services 
available on their handset. As illustrated in Figure 6.3, 63.33%; of participants ranked data as 
most used; 60%; ranked voice as moderately used; while SMS was ranked as least used by 53.33%; 
of participants. Five participants indicated that they never used data services from their handset.

Figure 6.3: Frequency of use: data versus voice versus SMS (n = 30)

When asked to specify what messaging services participants used on their handsets, 96.67%; 
indicated SMS; 76.67%; indicated WhatsApp; 20%; indicated Mxit; and 10%; specified that they 
used BlackBerry Messenger. One participant (3.33%;) said they used Facebook Messenger while 
another (3.33%;) stated that they used Vibcr. Responses arc reflected in Figure 6.4. Relating 
to their frequency of use, 90%; of participants indicated that they use the specified messaging
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services on a daily basis; 6.67% use them  a few tim es per week; while one partic ipate  (3.33%;) 
sta ted  th a t they make use of them  a few tim es per m onth.

W hen asked to indicate w hat online d a ta  services participants accessed from their mobile phones, 
70%; specified e-mail; 66.67%; specified Facebook; 33.33%; said they read the  news; 16.67%; said 
they consulted W ikipedia; and 13.33%; said they used Tw itter. Responses arc illustrated in Figure 
6.5. In response to  the  question asking how often participants accessed the  specified online d a ta  
services, 66.67%; indicated th a t they accessed them  on a daily basis; 6.67%; said they accessed 
them  a few tim es per week; while the  same num ber said they accessed them  a few tim es each 
m onth.

20%; of participants indicated th a t they do not make use of any online d a ta  services from their 
mobile device.
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6.7.2 Task com pletion  rates

Figure 6.6 illustrates what proportion of the tasks performed by participants were completed as 
expected, irrespective of the handset used.

Figure 6.6: Proportion of tasks completed as expected (n = 60)

A breakdown of the results for each individual task is provided in Figure 6.7.

Figure 6.7: Completion rates of individual tasks (n = 60)

Examining these results further, Figure 6.8 illustrates that participants who used the feature 
phone (n = 15) completed a lower proportion of tasks compared to those who used the smart
phone (n = 15). This is reflected in the mean usability rating, with tasks performed on the 
feature phone receiving a mean usability rating of 83.11%, while tasks performed on the smart
phone received a mean usability rating of 86.72%;.
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Figure 6.8: Comparison of task completion rates: feature phone versus smartphone (n = 60)

The results for each of the tasks described in Section 6.5 are now presented.

6.7.3 Task 1: N o water

This section presents the results of Task 1: reporting a water outage. A summary of participant 
responses to the post-task questionnaire are presented in Figure 6.9.

Question presented

Strongly agree
■  Agree

■  Neutral

■  Disagree

■  Strongly disagree

Figure 6.9: Summary of Task 1 responses (n = 59)

Of the 15 participants who attempted Task 1, over half (53.33%) completed the task on their 
own; one participant (6.67%;) required some guidance; while 1(1% were unable to complete the 
task. Examining the results of log in procedure, 73.33%; of participants managed to log in to 
the client application on their first attempt. One participant (6.67%;) managed on their second 
attempt, while the remaining 20%; took three attempts.
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Task 1 Results screen
Feature phone Smartphone Feature phone Smartphone

Participant mean duration 120.59s 88.62s 155.16s 46.94s
Participant median 7 presses 3 presses 6 presses

Expert user 5 presses 3 presses 4 presses

Table 6.5: Average duration and number of button presses made when performing Task 1

The mean time taken by participants who completed the task was 120.59s for those who used 
the feature phone, and 88.62s for those who used the smartphone. The average number of 
button presses made while completing the task arc presented in Table 6.5. It is interesting 
to note that even though participants, on average, made the same number of button presses 
regardless of the handset used during the study, participants using the smartphone took less 
time to complete the task. This notable difference (120.59s versus 88.62s) may have been as a 
result of the smartphone’s touchscreen interface allowing participants to navigate more quickly 
when compared to the feature phone’s QWERTY keypad, due to the more intuitive interaction 
method it provides.

Ql: “Logging in to the MobiSAM app was easy” Of the 15 participants who responded 
to the first statement, 73.33% answered ‘Strongly agree’; while 26.67%. answered ‘Agree’ resulting 
in a usability rating of 94.67%. for the statement. No written comments were provided.

Q2: “Finding the correct poll was confusing” Responses to the second statement were 
generally unfavourable, with one participant (6.67%.) answering ‘Strongly agree’; 46.67%. an
swering ‘Agree’; 13.33%. answering ‘Neutral’ as well as ‘Disagree’; while 20%. answered ‘Strongly 
disagree’. This equated to a usability rating of 58.67%. for the statement. Written comments 
from six participants (1, 4, 11, 23, 27, 30) cited confusion surrounding use of the word “poll”. 
Many indicated that they were not sure whether they were required to ‘Take a poll’ as the ques
tionnaire simply asked them to inform Makana Municipality about a water outage. In addition, 
Participant_9 indicated that it was possible to answer Task 1 via two different methods, both 
of which were valid, although one of which unexpected.

Q3: “Completing the correct poll was straightforward” The third statement aimed to 
assess how easily participants (n = 15) were able to answer the poll after having navigated to it. 
Responses were identical to that of question 1 with 73.33%. of participants answering ‘Strongly 
agree’ while 26.67%. answered ‘Agree’, resulting in a usability rating of 94.67%.. Participants 
provided no written responses.
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Q4: “The charts were easy to understand” Responses to the fourth statement were overall 
positive. More than half (57.14%) of participants responded with ‘Strongly agree’; 35.71% with 
‘Agree’; while one participant (representing 7.14% of the sample) answered ‘Disagree’. The 
resulting usability rating for the statement was 88.57%. As Participant_30 did not answer this 
statement, the sample size was n = 14. No written responses were given.

Q5: “I used the interactive features of the charts” The fifth and final statement was 
directed only to participants who performed the task using the smartphone handset (n = 8). Of 
these participants, 75% answered ‘No’ while 25% indicated that they did in fact use interactivity 
within the chart. P artic ipan t^  commented that they did not realise they could interact with 
the chart to reveal more information, stating: “I didn’t realise I could ‘drill down’ for details, my 
personal preference is for numbers/tables rather than charts”.

Discussion The mean usability rating for Task 1 was 84.07%. Observations made by the 
researcher highlighted confusion surrounding the word “poll”, with many participants being dis
orientated by the fact that they were required to select ‘Take a poll’ when asked to inform Makana 
Municipality about a water outage. Participant_27, for example, wrote: ‘“Take a poll’ can seem 
odd when you’re looking to report a problem” while Participant_23 said that ‘Take a poll’ was 
unclear and should be rephrased to ‘Problems or comments?’. Three participants (7, 11, 23) had 
trouble understanding the term ‘votes’ shown on the Results screen, with alternative suggestions 
stating that ‘people’ or ‘respondents’ would be more appropriate. The six participants (1, 5, 6, 
17, 29, 30) who did not complete the task, consequently, were not presented with the Results 
screen and were therefore unable to provide feedback regarding the chart visualisations.

6.7.4 Task 2: Leaking pipe

Of the 15 participants who attempted Task 2, 60% completed the task on their own, while 
the remaining 40% were unable to complete the task. The vast majority (80%) of participants 
were able to successfully log in to the client application on their first attempt, while 20% were 
successful on their second.
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Figure 6.10: Summary of Task 2 responses (n = 60)

Examining the task durations for participants who managed to complete Task 2. A mean duration 
of 67.26s was recorded for those who used the feature phone and 74.65s for those who used the 
smartphone. An average of five button presses were made by participants when performing the 
task, regardless of the handset used. Results are depicted in Table 6.6.

Feature phone Smartphone
Participant mean duration 67.26s 74.65s

Participant median 5 presses
Expert user 5 presses

Table 6.6: Average duration and number of button presses made when performing Task 2

A summary of participant responses to the post-task questionnaire for Task 2 are illustrated in 
Figure 6.10.

Ql: “Finding the correct poll was straightforward” The first statement was answered 
by all 15 participants, of which 40% responded with ‘Strongly agree’; 46.67%. responded ‘Agree’; 
one participant (6.67%.) responded ‘Neutral’; while another responded ‘Disagree’. The resulting 
usability rating for the statement was 84%.. Numerous written responses were given, of which 
four (Participant_15, Participant_20, Participant_21, Participant_22) described confusion sur
rounding the concept of taking a poll. Participant _20 wrote: “[...] I wouldn’t call it a poll, rather 
problem reporting” while Participant_15 stated: “At first I wasn’t sure what I had to do or where 
to go. I wasn’t sure of the options on the homepage, even though the ‘Take a poll’ option was 
quite clear”. Furthermore, Participant_22 highlighted that: ‘“Take a poll’ wasn’t intuitive to 
know this is where I needed to navigate to report an issue”. However, Participant_23 indic
ated that it was “better the second time” due to familiarity. Thus potentially highlighting the 
learnabilitv of the client application.
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Q2: “Having the screen names at the top of the MobiSAM app made navigation 
easier” Responses to the second statement were generally positive with a usability rating of 
90.67%. Of the 15 participants, 73.33% answered ‘Strongly agree’; one participant (6.67%) 
answered ‘Agree’; while the remaining 20% answered ‘Neutral’. Three written responses from 
participants (11, 20, 23) indicated that they had not noticed the ‘breadcrumb’ trail at the top 
of the screen. Conversely, Participant_22 indicated that: “Breadcrumb trails are helpful for 
navigational understanding”. Participant_15 shared similar feelings, stating: “It confirms where 
I am in the app and what task I’m carrying out”.

Q3: “Entering text into the MobiSAM app was difficult” The third statement re
ceived mixed responses with one participant (6.67%) answering ‘Strongly agree’; two participants 
(13.33%) answering ‘Agree’ and ‘Neutral’ respectively; and 33.33% answering ‘Disagree’ and 
‘Strongly disagree’ respectively. The resulting usability rating for the statement was 74.67% 
(n = 15). Written responses from participants highlighted that difficulties arose partly as a 
result of them being unfamiliar with the handsets. Participant_24, for example, stated that: 
“The phone made it take longer to enter information because of wrong buttons pressed”. Parti- 
cipant_22 indicated that they wished the UI was more instructive, writing: “Just specify what 
details are required to enter when reporting a problem”. The participant then went on to sug
gest: “Rather ask the user what problem (they are experiencing] instead of stating ‘I want to 
report...’” . On the other hand, Participant_15 stated that they found it “very straight forward”.

Q4: “Enough feedback was given after submitting my report” Finally, the fourth state
ment also received varied responses from participants. Of the 15 participants, 26.67% responded 
that they ‘Strongly agree’; 46.67% responded ‘Agree’; while two participants (13.33%) responded 
with ‘Disagree’ and ‘Strongly disagree’ respectively. This was reflected in the usability rating of 
72%. Examining written responses, four participants (3, 8, 11, 23) indicated that they would 
like more feedback. Specifically, Participant^ll wrote: “I would like to know if my report has 
been acted upon” while Participant_23 wanted to know if anyone else had already reported their 
particular problem. While the former suggestion would not be known at the time of submitting 
a report, the latter suggestion would be an important mechanism to put in place in order to 
prevent duplicate reports.

Discussion As with the previous task, the usability rating for each participant was calculated. 
The mean usability rating across all participants for Task 2 was 80.33%. Researcher observations 
again highlighted confusion surrounding the term “poll” with Participant_20 stating that they 
would “only use the (MobiSAM client] app when reporting a problem” and they “didn’t want to 
take polls”. Furthermore, P artic ipan t^  indicated that they did not know what ‘Take a poll’ 
meant until they had selected it. Similarly, Participant_22 suggested that ‘Take a poll’ would
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not be clear to new users and that rewording the option to ‘What service delivery problem 
would you like to report?’ would be more meaningful. Four participants (3, 8, 11, 23) said that 
insufficient feedback was provided after answering a text response, poll.

6.7.5 Task 3: D irty water

As with previous tasks, participants were first required to log in to the client application. Of 
the 15 participants who performed Task 3, 86.67% managed to log in on their first attempt; one 
participant (6.67%.) was successful on their second attempt; while another participant (6.67%.) 
took three attempts. Two-thirds (66.67%.) of participants completed Task 3, while the remaining 
third (33.33%) did not.

Finding correct pell Completing poll Charts easy to 
confusing straightforward understand

Question presented

Strongly agree
■  Agree

■  Neutral

■  Disagree

■  Strongly disagree

Figure 6.11: Summary of Task 3 responses (n = 45)

Participants who completed the task using the feature phone took a mean duration of 64.62s, 
while those who used the smartphone took slightly less, as reflected in Table 6.7. While the 
median number of button presses made by participants when viewing the Results screen was less 
than those made by an expert user, this is likely due to the fact that two of the three participants 
(18, 25) using the feature phone did not consult the chart visualisations. Instead, they read 
values from the numerical table appearing directly on the Results screen, hence only requiring a 
single button press. In addition, a single participant (Participant_1) who used the smartphone 
consulted the numerical table instead of the chart visualisations. Excluding this participant 
when calculating the median brings the number to 4 button presses, which corresponds to the 
minimum required. Figure 6.11 presents a summary of all the task responses.
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Task 3 Results screen
Feature phone Smartphone Feature phone Smartphone

Participant mean duration 64.62s 48.57s 14.57s 38.81s
Participant median 5 presses 7 presses 1 press 3.5 presses

Expert user 5 presses 3 presses 4 presses

Table 6.7: Average duration and number of button presses made when performing Task 3

Ql: “Finding the correct poll was confusing” Again, varied responses were received from 
participants (n = 15). One participant, or 6.67% responded that they ‘Strongly agree’; two par
ticipants (13.33%) responded ‘Agree’ and ‘Neutral’ respectively; 33.33%; responded ‘Disagree’; 
while the remaining 33.33%; chose ‘Strongly disagree’. The resulting usability rating for the state
ment was 74.67%;. There were a few noteworthy written responses, with Participant_ 14 stating 
that they “think fit should] specify that I’m reporting water quality”. Conversely, Participant _  12 
wrote: “[there were] few options to select through so fit] wasn’t hard finding the poll”.

Q2: “Completing the correct poll was straightforward” The second statement was 
answered positively bv all but one participant, resulting in a usability rating of 90.67% (n = 
15). Just under half (46.67%) of the participants responded with ‘Strongly agree’, while the 
same proportion (46.67%;) responded with ‘Agree’. One participant (6.67%;) did not share these 
sentiments, instead responding with ‘Strongly disagree’. There were no written responses.

Q3: “The charts were easy to understand” Responses to statement 3 were positive, with 
53.33%; of participants stating that they ‘Strongly agree’. The remaining 46.67%; responded 
with ‘Agree’ resulting in a usability rating of 90.67% (n = 15). Written comments from two 
participants (22, 24) who had used the smartphone handset (with interactive chart visualisa
tions) when performing the study suggested including the actual value/percentage on each chart 
visualisation, instead of only making them viewable when ‘tapping’ the chart. Participant_22, 
for example, wrote: “Show the percentages and number of votes on the pic/bar chart” while 
Participant_24 stated: “Numbcrfcd] figures in the pie charts would have been better”.

Q4: “Which chart did you find easiest to understand?” The final question aimed to 
assess which chart type participants best understood. Of the 15 participants who answered the 
question, 46.67%; stated that they found the pie chart easiest to understand; 20%; stated that 
they preferred the bar chart; while 33.33%; indicated that they were both equally understandable. 
Two noteworthy written comments were provided, the first by Participant_25 indicated that 
displaying the percentage value on the bar chart’s y-axis would be preferred to the actual number 
of votes. The second comment, by Participant_ 10 posed a similar suggestion, stating: “the bar
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chart is a bit confusing because a user would expect the  num bers on the  y-axis to  be percentages”. 
Figure 6.12 depicts the m isinterpreted bar chart visualisation. P a rtic ip an t_ 9  sta ted  th a t they 
preferred the  bar chart, and th a t “pie charts confuse some people”. Conversely, P artic ip an t_  12 
m aintained th a t the  pie chart was “visually more appealing”.

Figure 6.12: M isinterpreted bar chart visualisation

Discussion The usability rating for Task 3 was calculated for each participant, resulting in a 
m ean usability rating of 85.33%. O bservational notes m ade by the researcher highlighted th a t 
two participants (2, 10) did not notice the in teractivity  w ithin the  chart visualisations. W hen 
asked to determ ine how m any other people were also experiencing brown water, P artic ipan t_25  
was seen reading values from the numerical table instead of from the charts. Participant _  14 had 
to  perform  the task  again as they m istakenly dismissed the  R e s u lts  screen w ithout noting the 
required values.

6.7.6 Task 4: Change application language

The fourth  task  began by asking users to  log in to the MobiSAM client application. A vast 
m ajority  (80%.) of the  15 participants were able to successfully log in during their first a ttem pt; 
two participants (13.33%;) m anaged on their second attem pt; while one participant (6.67%;) took 
three a ttem pts. All participants were able to  complete the task, although two needed some 
guidance.
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Figure 6.13: Summary of Task 4 responses (n = 30)

As shown in Table 6.8, Task 4 took participants on average 59.15s to complete when using the 
feature phone, and 26.26s using the smartphone. A median of three button presses were made 
by participants, irrespective of the handset used during the evaluation.

Feature phone Smartphone
Participant mean duration 59.15s 26.26s

Participant median 3 presses
Expert user 3 presses

Table 6.8: Average duration and number of button presses made by participants performing Task 
4

Ql: “Finding where to change the MobiSAM app’s language was straightforward”
The first statement presented to participants (n = 15) scored highly with 80% of participants 
stating that they ‘Strongly agree’; one participant (6.67%;) stating ‘Neutral’; while two parti
cipants (13.33%) answered with ‘Disagree’. The statement received a usability rating of 89.33%. 
Three participants (14, 15, 30) provided written comments, all of which highlighted the ease at 
which they were able to perform the task. Participant_30 wrote: “fit] was very easy [for me] to 
navigate to profile and change the language” while Participant_14 felt that previous experience 
helped, stating: “It was easy for me because I know about profiles”.

Q2: “The MobiSAM app’s Update profile screen was easy to understand” The next 
statement, again, scored favourably, achieving a usability rating of 93.33% (n = 15). Nearly 
three-quarters (73.33%;) of participants stated that they ‘Strongly agree’; 20%; stated ‘Agree’; 
while one participant (6.67%;) chose ‘Neutral’. One written comment was provided by Parti
cipant _ 15 who stated that the UI was “very straight forward”.
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Q3: “Are there any other profile options you would like added to what is currently 
available?” The third and final question aimed to elicit additional options which participants 
might require within the Update profile screen. Responding to this question, 40% of participants 
answered ‘Yes’ while 60% answered ‘No’. Four written comments indicated that participants (12, 
19, 20, 30) wanted to be able to change their current suburb from within the client application, 
with Participant_12 stating: “For people who can’t access the website regularly, it would be 
nice to (be able to] change addresses”. Two participants (20, 27) suggested including the ability 
to obtain their position using their device’s built-in GPS receiver, with Participant_20 writing: 
“Use GPS location for reporting problems”. In addition, Participant_28 asked for the inclusion 
of additional languages, although they did not indicate which languages they required. Further
more, Participant _ 30 felt it was necessary to include the mobile phone number of the account 
holder on the Update profile screen.

Discussion The mean overall usability rating for Task 4 was 91.3%. Researcher observations 
highlighted that P artic ipan t^  and Participant_21 both needed to be reminded to press ‘Save’ 
in order to apply the changes made to their respective user profiles. Responses to the statements 
presented to participants after having performed Task 4 are summarised in Figure 6.13.

6.7 .7  P ost-in tervention  questionnaire

The final questionnaire was presented to all 30 participants and consisted of two separate sections. 
The first section focused on the navigational aspects of the client application, while the second 
focused on the application’s visualisation functionality. Responses to each section are summarised 
in Figures 6.14 and 6.15 respectively. Similar to previously discussed tasks, a usability rating 
for each statement was calculated as well as an overall usability rating for each participant 
answering the questionnaire. (Please refer to Section 6.6 for an explanation on how these scores 
were calculated.)

Application navigation

This section was completed by all 30 participants and aimed to determine how intuitively parti
cipants were able to navigate within the client application.



6.7. RESULTS 119

Question presented

Strongly agree

■  Agree 

Neutral
■  Disagree

■  Strongly disagree

Figure 6.14: Summary of responses relating to client application navigation (n = 90)

Q l: “The M obiSAM  app, in general, was easy to  understand” In response to the first 
statement, 63.33% of participants selected ‘Strongly agree’; 30%. selected ‘Agree’; while ‘Neutral’ 
and ‘Disagree’ were each selected by one participant (3.33%;). This resulted in a usability rating of 
90.67% (n = 30). Comments from Participant_ 14 again highlighted confusion with the concept 
of taking a poll, stating: “If the app [is] for reporting water [problems], it should specify that 
report instead of take a poll”. Participant_22 said that they “misinterpreted the wording a lot” 
but found the application “very good” once they were familiar with it.

Q2: “N avigating my way th rough  the M obiSAM  app was simple” Of the 30 parti
cipants who answered the second statement, 46.67%; indicated that they ‘Strongly agree’; 43.33%; 
indicated that they ‘Agree’; two participants (6.67%;) answered with ‘Neutral’; while one (3.33%;) 
chose ‘Disagree’. A usability rating of 86.67%; was achieved. Comments from two participants 
(14, 23) stated that they found navigation to be “fairly straight forward” and “relatively easy” 
respectively. Participant_ 11, on the other hand, stated that: “I was uncertain of the best option 
[to chooscl”.

Q3: “The H ome  screen of the M obiSAM  app was clear and concise” Responding to the 
third statement, 60%; of participants said that they ‘Strongly agree’; 33.33%; chose ‘Agree’; while 
two participants (6.67%;) chose ‘Neutral’. The statement received a usability rating of 90.67%; 
(n = 30). Written comments from two participants (22, 30) again indicated confusion with the 
phrase ‘Take a poll’, with Participant_22 stating: ‘“Take a poll’ is confusing” however “the other 
two [menu options] are understandable”. The same participant went on to elaborate that they 
found the layout “clear and simple”, and that “the three [menu] options were well separated”. 
Participant_30 suggested changing ‘Take a poll’ to two separate menu items: ‘Report water 
problems’ and ‘Report other problems’.
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Sum m ary The resulting mean usability rating for the  navigation portion of the post-intervention 
questionnaire was 89.33%. A sum m ary of participant responses is illustrated by Figure 6.14.

A pplication visualisation

Due to  the  m anner in which the  study  tasks were paired, only 25 participants performed tasks 
which included some form of visualisation. As such, the  five participants who were assigned Task 
2 and 4 did not answer this portion of the  questionnaire.
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Figure 6.15: Sum m ary of responses relating to  application visualisation (n = 87)

Q5: “The charts, in general, were easy to  understand” The first statem ent relating to 
chart visualisations scored highly, with 48%. of participants stating  th a t they ‘Strongly agree’; 
48% stating  th a t they ‘Agree’; while one participant (4%) chose ‘N eutral’. The resulting usab
ility rating was 88.8% (n = 25). Relating to comments from those who used the sm artphone 
handset (i.e. interactive chart visualisations), P artic ipan t_22  requested th a t percentage values 
be included on the interactive charts. Furtherm ore, Participant _ 4  indicated th a t they found the 
charts understandable only once they had realised they were interactive. No w ritten comments 
were provided by participants who used the  feature phone.

Q6: “I felt com fortable reading the charts” Responses to  the  statem ent were m ostly pos
itive, w ith 68%; of participants indicating th a t they ‘Strongly agree’; 28%. th a t they ‘Agree’; while 
a single participant (representing 1% of the  sample) said th a t they ‘Disagree’. The statem ent 
was given a usability rating of 92% (n = 25). Two w ritten comments from participants (4, 
27) were provided and highlighted the  benefits gleaned by visualising the  returned poll results. 
P a rtic ip an t_ 4  wrote: “Even w ithout knowing exact figures, it [the chart visualisation] provides 
a useful comparison of responses” while P artic ipan t_27  indicated th a t they found the charts to 
provide the  “most com pact inform ation”.
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Q7: “Not enough distinct colours were used in the charts” Of the 25 responses received, 
16% answered with ‘Neutral’; 52% answered ‘Disagree’; while 32% said that they ‘Strongly dis
agree’. The resulting usability rating was 83.2%. A written comment was provided by Parti- 
cipant_22, stating: “The colour coding was very clear and appropriate to the keys they repres
ented”.

Q8: “The interactive charts made information more easily understandable” As the
feature phone did not include interactive charts, only participants who performed the study using 
the smartphone handset were instructed to answer this statement, resulting in 12 responses. Of 
these, 33.33% chose ‘Strongly agree’; 25% chose ‘Agree’ and ‘Disagree’ respectively; while one 
participant (representing 8.33%) chose ‘Neutral’ and ‘Strongly disagree’ respectively. A usab
ility rating of 76.67% was achieved. Two participants (1, 11) indicated that they would prefer 
the actual values/percentages to appear on the charts instead of providing interactivity, with 
P articipant^  stating: “It is probably easiest to have numbers on the charts”. Two participants 
(22, 30) stated that they did not realise the charts were interactive while Participant_ 12 men
tioned that it would be “useful to have a loading indicator as the charts do take time to appear”. 
Participant_30 suggested making the chart options more “distinct/visible for the user to find”. 
Similarly, Participant_22 stated that: “There wasn’t any affordance to know they (the charts] 
were interactive”.

Q9: “Which of the visual representations did you find most useful?” Responses to the 
final question were mixed with 58.33% indicating that they preferred the pie chart; 12.5% chose 
the bar chart while 29.17% indicated that they found the numerical table most useful. As re
sponses were not represented by a Likert scale, no usability rating was calculated. Participant_ 10 
highlighted that “the pie chart doesn’t have numerical labels” and that “having numerical figures 
on the pie chart can improve fits] usability”.

Q10: “Is there anything else about the MobiSAM app that you would like to tell 
us?” As a final question, participants were asked to provide comments and suggestions relating 
to the client application. P artic ipan t^  indicated that it would be useful to view poll results 
for a specific time frame, for example, the number of people without water todav/this week/this 
month. Participant_15 suggested implementing a mechanism to inform users that their reported 
issue is currently being attended to. Finally, two participants (1, 11) indicated that MobiSAM 
would be very useful if Makana Municipality takes action when issues are reported.

Summary The mean usability rating across the 25 participants answering the visualisation 
section of the post-intervention questionnaire was 88%. Responses are summarised in Figure 
6.15.
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6.8 Analysis and discussion
Feedback obtained from the first usability evaluation highlighted a number of interesting findings. 
This section draws together and discusses each of them. Results arc presented in four separate 
sections: demographies (Section 6.8.1); use of mobile technology (Section 6.8.2); navigation 
(Section 6.8.3); and visualisation (Section 6.8.4). Usability metrics across each task arc examined 
(see Section 6.6), from which application-wide trends arc then drawn.

6.8.1 Dem ographics

Examining the age groups of the study sample reveals that there were at least three participants 
across each group, with the majority of participants being 18-30 years (56.67%). The split 
between female and male participants was nearly equal, with 43.33%. female and 56.67%. male.
Furthermore, 80%. of participants indicated that English was their preferred language while 20%. 
specified isiXhosa. The majority of participants were Black African/Coloured (60%.); 36.67%. 
were White; while a single participant (3.33%.) was Indian/Asian. All participants had at least 
attended “some high school”, with 56.67%. of the study sample having graduated from university.
With this in mind, it was decided to investigate how different participant groups performed based 
on their preferred language and age group.

Preferred language

As illustrated in Figure 6.16, participants who specified English as their preferred language 
completed 75%. of the tasks they performed, while participants who chose isiXhosa were able to 
complete 58.33%. of tasks.

Figure 6.16: Task completion rates (n = 60)
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This notable difference may have been caused by several factors. Firstly, as the  client applica
tio n ’s UI was only available in English during the  study, isiXhosa preferred language participants 
may have been put at a disadvantage, resulting in a fewer num ber of tasks being completed. This 
reconfirms the need for m ulti-language support w ithin each client application. It is im portant to 
note th a t participants were only asked to  specify their preferred language, and not w hether they 
were comfortable reading in th is language. This may have further contributed to  these results.

Secondly, 83.33% of isiXhosa preferred language participants indicated m atric as their highest 
level of education, while 75%. of English preferred language participants had obtained a university 
degree. This difference in education levels may have also influenced task  completion rates. 
In addition, the  sample size of the  two participant groups was very different. W hile there 
were 24 English preferred language participants there were only six isiXhosa preferred language 
participants. As such, these results may not offer an accurate representation of the target 
audience.

Feature phone Sm artphone
English isiXhosa English isiXhosa

P artic ipan t m ean 72.07s 75.60s 54.98s 39.10s (n = 1)
Table 6.9: Studv-widc m ean task  duration

Referring to the  studv-widc mean task  durations. W hen using a feature phone, English preferred 
language participants were slightly quicker than  those who indicated isiXhosa to  be their preferred 
language (sec Table 6.9). This result is not unusual as the client application’s UI was presented 
in English. Conversely, isiXhosa preferred language participants were quicker when using the 
sm artphone. However, upon closer exam ination of the  results, only a single isiXhosa participant 
(P artic ipan t_6 ) performed the evaluation using the  sm artphone. Therefore, the result of 39.1s 
cannot be considered to  be tru ly  representative.

Feature phone Sm artphone
English isiXhosa English isiXhosa

P artic ipan t m edian 5 presses 4 presses n = 1)
E xpert user m edian 5 presses 5 presses

Table 6.10: Median num ber of b u tton  presses m ade per completed task

As sum m arised in Table 6.10, isiXhosa preferred language participants using the  feature phone 
m ade a fewer num ber of b u tton  presses per task  when com pared to  English participants (4 
versus 5). In addition, they m ade fewer b u tton  presses com pared to  an expert user. A possible 
reason for th is is th a t 60%. of isiXhosa preferred language participants using the  feature phone 
performed Task 4. This task  only requires three b u tton  presses to complete, hence skewing the
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results. Conversely, the expert user median is calculated across all four tasks, thus resulting in 
a higher median number of button presses.

Feature phone Smartphone
English isiXhosa English isiXhosa

Participant mean 85.25%. 78.83%. 87.02%. 82.50%.
Table 6.11: Studv-widc mean usability rating

Finally, consulting the mean usability ratings presented in Table 6.11, English preferred language 
participants rated tasks more favourably than isiXhosa preferred language participants. Once 
again, lower task satisfaction levels amongst isiXhosa preferred language participants may have 
been due to difficulties arising as a result of the application’s UI only being available in English.

Age group

In an attempt to determine whether age affected task performance, it was decided to split the 
study sample into two groups: 18-45 years (73.33%) and over 45 years (26.67%).
Referring to task completion rates illustrated in Figure 6.17, it can be seen that younger par
ticipants were less likely to complete tasks, with 68.18%. of all tasks performed by participants 
18-45 years being completed while 81.25%. of all tasks performed by participants over the age of 
45 were completed.

Figure 6.17: Task completion rates (n = 60)

Although these results seem to contradict the common held belief that younger individuals arc 
more proficient at using modern technology than their older counterparts, the reason for this
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difference may be due to the  fact th a t older participants exercised more caution when performing 
each task, carefully reading task  instructions before proceeding. Conversely, younger participants 
were more likely to rush through the task  in an a ttem pt to  finish as quickly as possible, resulting 
in a greater num ber of mistakes being made.

Feature phone Smartphone
18-45 years Over 45 years 18-45 years Over 45 years

Participant mean 60.65s 128.32s 50.98s 59.53s
Table 6.12: Studv-widc geo mean task  duration

The m ean task  durations shown in Table 6.12 confirm this, w ith participants aged 18-45 taking, 
on average, 60.65s to  complete a task  when using the  feature phone, while those over 45 years 
took 128.32s. A similar trend was observed between the participant groups when using the 
sm artphone.

Feature phone Smartphone
18-45 years Over 45 years 18-45 years Over 45 years

Participant median 5 presses 9 presses 6 presses 5 presses
Expert median 5 presses 5 presses

Table 6.13: Median num ber of b u tton  presses m ade per completed task

Exam ining the m edian num ber of b u tton  presses m ade by participants when completing study 
tasks (see Table 6.13), younger participants who used the  feature phone m ade fewer bu tton  
presses th an  their old counterparts. Conversely, older participants who used the  sm artphone 
made, on average, fewer bu tton  presses than  younger participants. A reason for this is likely due 
to  the outlier value of 23 bu tton  presses, m ade by a younger participant (P artic ipan t_9 ) when 
performing Task 1. Removing this outlier reduces the  value from 6 to 5, making the  m edian 
num ber of b u tton  presses in bo th  groups equal. There were no outlier values present w ithin the 
older participant group sample.

Feature phone Sm artphone
18-45 years Over 45 years 18-45 years Over 45 years

M ean per task 86.60% 69.17% 88.75%i 82.67%.
Overall 83.11% 86.72%,

Table 6.14: Studv-widc m ean usability rating

As sum m arised in Table 6.14, even though the younger participant group completed fewer tasks 
when com pared to the  older group, they gave a more favourable overall usability rating. A
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possible reason for this difference may be due to the older participants being more critical of 
ambiguities and imperfections encountered while performing tasks, whereas the younger parti
cipants were more forgiving, possibly as a result of their exposure to technology from a young 
age. In addition, younger participants may have rated tasks more favourably so as to convey a 
positive image of themselves to the researcher and research assistant.

6.8.2 U se o f m obile technology

Examining responses relating to participants’ prior use of mobile technology and services, all 30 
participants indicated that they owned a mobile phone. Nearly all participants (96.67%) had 
used a mobile phone for six years or more, indicating that they were likely to be competent 
users. Relating to device brands, 53.33%; owned a Nokia device, while 26.67%; owned a Samsung 
handset. Of the participants who owned a Nokia device, 68.75%; chose to perform the study 
using the Nokia-brandcd feature phone, while 75%; of participants who owned a Samsung device 
chose to use the Samsung-branded smartphone.

Figure 6.18: Proportion of participants whose personal handset and study handset matched: 
brand versus input technique (n = 30)

Reviewing these results, it seems as if participants chose handsets based on the input technique 
(keypad or touchscreen) they were accustomed to, irrespective of device brand. Referring to 
Figure 6.18, 80%; of participants who owned a keypad device performed the study using the 
keypad-equipped feature phone while 86.67%; of participants who owned a touchscreen device 
chose to use the touchscreen-driven smartphone.

D ata  usage

The majority (63.33%;) of study participants ranked data services above both voice and SMS in 
terms of frequency of use, while five participants (16.67%;) indicated that they never used data



6.8. ANALYSIS AND DISCUSSION 127

services on their mobile device. As such, it was decided to determine how the task performance 
measures (see Section 6.6) varied between these two groups.
Starting with the rate of task completion, data users completed a greater proportion of tasks 
compared to non-data users. As illustrated in Figure 6.19, 74% of tasks performed by data users 
were completed while this number stood at 60%. for non-data users.

■  Completed task as 
expected

■  Did not complete task as 
expected

Data usage category

Figure 6.19: Task completion rates (n = 60)

It is hypothesised that the higher task completion rate amongst data users is likely due to previous 
experience with mobile applications and Internet services, thus allowing them to become familiar 
with the client application more quickly. Conversely, non-data users’ mobile phone usage patterns 
arc likely to have been limited to voice calls and SMS.
Four out of the five non-data users chose to perform the study using the feature phone, initially 
suggesting that they felt more comfortable using an cntrv-levcl device. However, upon further 
review of the results it became apparent that four out of the five non-data users owned a feature 
phone, a likely reason as to why they chose to perform the study using a similar handset. 
Interestingly, 80% (n = 4) of non-data users were over 45 years, playing to the stereotype that 
older individuals arc less ‘tcch-savvy’ when compared to their younger counterparts.
As reflected in Table 6.15, data users took less time when completing tasks, again, a possible 
indication that they were more comfortable using mobile applications.

Feature phone Smartphone
Data users Non-data users Data users Non-data users

Participant mean 62.05s 103.16s 53.38s 75s (n =  1)
Table 6.15: Studv-widc mean task duration
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As sum m arised in Table 6.16, d a ta  users who completed tasks using the feature phone made, on 
average, fewer bu tton  presses when com pared to  non-data users. An identical num ber of bu tton  
presses were m ade between each group when using the  sm artphone.

As there was only a single non-data user (Participant _1) who performed the study using the 
sm artphone, their recorded task  perform ance measures arc likely to  be an inaccurate represent
ation of how the “average” participant would perform, given a larger sample size. In addition, 
Participant _1  did not make use of a sm artphone in their personal capacity, further reducing the 
accuracy of these results.

Feature phone Smartphone
D ata users N on-data users D ata users N on-data users

M ean participant median 5 presses 9 presses n = 1 )
Expert user mean 5 presses 5 presses

Table 6.16: Median num ber of b u tton  presses m ade per completed task

Referring to  Table 6.17, d a ta  users ra ted  tasks more favourably when com pared to  non-data 
users. D ata users’ previous experience using mobile applications and accessing web content from 
their handsets it likely to  have b e tte r prepared them  for using the client application, hence the 
more favourable usability rating  when com pared to  non-data users.

Feature phone Smartphone
D ata users N on-data users D ata users Non-data users

M ean per task 86.29% 74.38% n =  1)
Overall 83.11% 86.72%

Table 6.17: Studv-widc m ean usability rating

Again, the usability rating given by non-data users, who used the  sm artphone, is likely to  be a 
poor estim ate, due to there only being one participant in th is particular sample.

Platform correlation

As the client application is available for several mobile platform s, it was decided to  determ ine how 
the task  perform ance m easures varied between participants whose personal handset’s platform  
m atched the platform  which they used during the study (same platform  participants), compared 
to  those whose handse t’s platform  did not m atch (different platform  participants).
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Figure 6.20: Task completion rates (n = 60)

Figure 6.20 shows that a lower proportion of tasks were completed by participants who performed 
the study using the same platform to what was found on their personal handset. However, upon 
examining these results further it became apparent that four out of the five non-data users were 
included in this group, as well as four out of six isiXhosa preferred language participants. Two 
confounding factors which may have influenced the results.
As described in Section 6.8.1, both of these groups did not perform as favourably as their coun
terparts, which may have resulted in a lower proportion of tasks being completed than one 
would expect. Although factoring out these participants reduced the sample size significantly 
(and therefore how representative the sample was), in doing so the task completion rate for same 
platform participants increased from 65.63% to 88.89%..

Feature phone Smartphone
Same Different Same Different

Participant mean 74.61s 64.67s 55.93s 53.07s
Table 6.18: Study-wide mean task duration

In addition to same platform participants completing a lower proportion of study tasks, the 
tasks which they did complete took longer to perform when compared to different platform 
participants, regardless of the handset used (see Table 6.20).

Feature phone Smartphone
Same Different Same Different

Median per task 5 presses 5 presses 5 presses 5 presses
Expert user 5 presses 5 presses

Table 6.19: Median number of button presses made per completed task
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Table 6.19 shows that both groups of participants made an identical median number of button 
presses per task, irrespective of the handset used during the study. These results highlight the 
possibility that, whether participants used the client application on a platform which they were 
familiar with, or not may have been irrelevant.

Feature phone Smartphone
Same Different Same Different

Mean per task 81.75% 85.83% 86.53% 86.85%
Overall 83.11%. 86.72%

Table 6.20: Studv-widc mean usability rating

The mean usability rating per task was also very similar between the two groups, again reiterating 
the previous statement.

6.8.3 N avigation

A primary aim of the usability evaluation was to determine how intuitively participants were 
able to navigate within the client application. The study hoped to highlight any areas of concern 
which would then be remedied during the next iteration of the life-cycle model. Instead of 
proceeding chronologically through each of the study’s tasks (detailed in Sections 6.7.3 to 6.7.6), 
analysing and drawing conclusions from each, the main navigational issues emerging from the 
study as a whole arc identified and discussed. Issues arc ordered by their frequency of occurrence.

Issue 1: Answering service delivery polls

Starting with the most frequently cited issue, the concept of having to ‘Take a poll’ was often 
misunderstood by participants.
Consulting results from Task 1: Q2 (“Finding the correct poll was confusing”), exactly two thirds 
(n = 10) of participants answered ‘Strongly agree’, ‘Agree’, or ‘Neutral’, indicating that the 
majority of participants experienced some difficulty when attempting to find the correct poll. 
When asked to elaborate, six participants (1, 4, 11, 23, 27, 30) cited confusion surrounding the 
use of the term “poll”, as well as the idea of having to ‘Take a poll’ when wanting to inform their 
municipality about a service delivery issue.
This confusion was reiterated by the low usability rating of 58.67% for this statement. Although 
Task 2: Q1 (“Finding the correct poll was straightforward”) scored more favourably, written 
comments from three participants (15, 20, 22) also highlighted confusion of having to ‘Take a
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poll’. Similarly, one w ritten response to Task 3: Q1 (“Finding the correct poll was confusing”) 
cited m isunderstanding in having to answer service delivery polls, in which Participant _  14 wrote: 
“I thought it [the client application! would specify th a t Pm  reporting w ater quality”.

Figure 6.21: ‘Take a poll’ H om e, screen menu option

Studying participant responses more closely, two possibilities for the  confusion were identified. 
The first and most likely cause was a simple m ism atch between the wording used in the  task 
ciucstionnaircs (see Appendix B.2) and the  wording used on the  client application’s H om e, screen, 
shown in Figure 6.21. Participants, for example, were instructed to  “inform M akana M unicipality 
th a t you currently have no running water at your hom e/residence”, which m ade no m ention of 
the  word “poll”. However, in order to  accomplish th is task, participants were expected to  select 
‘Take a poll’ from the H om e, screen.

Secondly, a disconnect seemed to  exist between the concept of answering service delivery polls 
(for example, “Do you have running water today?”) and keeping M akana M unicipality informed
about service delivery concerns. This was typified by a comment from P artic ip an t_22, who
wrote: ‘“ Take a poll’ w asn’t intuitive to  know this is where I needed to  navigate to  report an 
issue”. W hile MobiSAM was originally proposed as a mobile phone-based polling framework used 
for the  ongoing m onitoring of basic services provided by M akana M unicipality, it la ter became 
apparent th a t citizens were more concerned about being able to  report spec ific  service delivery 
grievances. Although, to  the  researcher, the phrase ‘Take a poll’ became synonymous with 
reporting a service delivery com plaint (hence the menu option of the  same nam e). In hindsight, 
it is understandable how this term inology confused first-tim e users.

Inspecting the  median num ber of b u tton  presses m ade during Task 1 (see Table 6.5) reveals 
th a t participants m ade more than  the  minimum num ber of b u tton  presses required to  complete 
the  task, irrespective of the  handset used. This may further indicate confusion surrounding the 
term inology used w ithin the  client application, although unfam iliaritv (as it was p artic ipan ts’ 
first tim e using the application) is also likely to  have been a confounding factor.

As described in Section 5.7.2, a single design change was m ade to  the H om e, screen in an a ttem pt
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to sidestep this usability concern. The change aimed to draw a distinction between reporting 
a service delivery problem (a oncc-off occurrence), and answering service delivery polls (the 
continual monitoring of basic service delivery within Grahamstown). This was achieved by 
introducing an additional menu item: ‘Report a problem’. Furthermore, a simple stylistic icon 
was included alongside each Home, screen menu option in order to reinforce their purpose, as 
illustrated in Figure 5.9.

Issue 2: Ambiguous category names

The second most frequently encountered issue was caused by the ambiguous phrasing of certain 
menu options, particularly those found within the Category screen. This resulted in participants 
not completing the task as expected, even though the route navigated when performing the task 
constituted a logically valid answer.
Referring to Task 1, 40% of participants did not complete the task as expected. A deeper study 
of these results revealed that 83.33% (n = 5) of the unexpected answers were due to participants 
(1, 6, 17, 29, 30) selecting the incorrect category. Results from Task 2 showed a similar trend. 
Of the six participants (8, 21, 22, 24, 25, 26) who did not complete the task as expected, all 
of them were as a result of the incorrect category being chosen. The same held true for Task 
3, where again all participants (3, 17, 19, 22, 28) who provided a unexpected answer (n = 5) 
did so as a result of choosing the incorrect category. This usability concern was highlighted 
by Participant_9 who commented on how the category ‘Talk to your municipality’ and ‘Water 
monitoring’ could ultimately be used to report the same issue, as there was no clear distinction 
between the two.

Figure 6.22: Ambiguous category names

This recurring pattern emphasised the importance of carefully selecting menu option names, 
while being mindful of potential ambiguities. For example, when participants considered what 
category to select, in order to inform Makana Municipality about a water outage (sec Figure
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6.22), both ‘Water monitoring’ and ‘Talk to your municipality’ seemed like valid choices, however 
only one was deemed an expected answer by the researcher (in this case ‘Water monitoring’). 
In an attempt to mitigate this issue, each category and category description was rephrased, 
maintaining a clear distinction between each (see Figure 5.11a). The fact that 20% of study 
participants indicated that isiXhosa was their preferred language may have further exacerbated 
any potentially ambiguous menu options, re-emphasising the need for multi-language support.
Interestingly, although the same number of participants (40%) were unable to complete Task 1 
and 2 as expected, their responses to the statement asking them about the difficulty experienced 
finding the correct poll varied hugely. Task 1: Q2 (“Finding the correct poll was confusing”) 
received a usability rating of 58.67%, while Task 2: Q1 (“Finding the correct poll was straight
forward”) received a usability rating of 84%. This result may possibly be attributed to the fact 
that five out of the 15 participants who attempted Task 2 did so after having first attempted 
Task 1, and were therefore likely to have learnt from previous experience. Conversely, all 15 
participants attempting Task 1 did so without having attempted any other tasks.
It is important to note that due to the manner in which tasks were paired (see Section 6.3), 
Task 1 was never performed after any other task during the evaluation, resulting in a total of 
15 first-time exposures. Task 2, on the other hand, was presented first to participants a total of 
10 times, while Task 3 was presented first a total of five times. Task 4 was always presented to 
participants last.

Issue 3: Forgetting to save changes

The third and final issue relates to Task 4 exclusively. Although all 15 participants managed to 
complete the task as expected, two required guidance in the form of having to be reminded to 
press the ‘Save’ soft key before returning to the Home screen (see Figure 6.23).
Further examination of the results revealed that both instances occurred with participants who 
performed the study using the feature phone, the design guidelines of which specifically require 
users to save changes before they are applied [158].
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Figure 6.23: U pdate profile, screen ‘Save’ soft key

Coineidently, both  of these participants owned the identical handset to th a t of which they used 
in the study  (a Nokia Asha 201), suggesting th a t their mistakes were likely not to have been 
caused by unfam iliaritv w ith the  device. Both participants however specified isiXhosa as their 
preferred language, which may have been a contributing factor. Interestingly, the  issue was not 
experienced by any participants who performed the study  using the  sm artphone, even though 
the same ‘Save’ option was m andatory. As a solution, the  client application was modified so as 
to  prom pt users to save changes before navigating back to  the  H om e, screen.

The m edian num ber of b u tton  presses m ade by participants when a ttem pting  Task 4 was identical 
to  the  minim um  num ber required (3), highlighting the ease w ith which the m ajority  of p arti
cipants were able to  complete it as expected. This favourable result may have been due to the 
fact th a t the  task  was always performed last by participants. In addition, the  task  was simpler 
th an  other tasks, merely requiring participants to  change the  client application’s language from 
w ithin the  U pdate profile, screen.

Additional observations

It was decided to  examine the num ber of log in a ttem pts a participant m ade when performing 
their first assigned task, com pared to their second task. Eight participants (1, 2, 5, 10, 12, 22, 26, 
27) m ade fewer log in a ttem pts when performing their second task, compared to  four participants 
(14, 19, 20, 24) who m ade a greater number. This suggests th a t the  client application possesses 
a certain degree of learnabilitv. Similarly, 12 (1, 5, 6, 8, 19, 21, 24, 25, 26, 28, 29, 30) out of 
the  14 participants who did not m anage to complete their first task  were able to  complete their 
second. W hile only a single participant (P artic ipan t_3 ), who m anaged to complete their first 
task, did not m anage to  complete their second. Again, highlighting the  learnabilitv of the  client 
application.
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6.8.4 V isualisation

Another aim of the usability evaluation was to determine how effectively different chart visual
isations conveyed poll results to participants. Particular emphasis was placed on determining 
which charts participants found easiest to understand, as well as what role interactivity within 
the charts played in helping participants gain further insight into the data. Results are presen
ted in three sections: chart preference (Section 6.8.4), interactivity and understanding (Section
6.8.4) as well as usability concerns (Section 6.8.4).

Chart preference

Two questions were posed to participants which aimed to determine which chart type they 
preferred. The first question (“Which chart did you find easiest to understand?”) was presented 
to participants after having completed Task 3. Responses indicated that slightly under half 
(46.67%) of participants found the pie chart the easiest to understand; 20% indicated preference 
for the bar chart; while 33.33% rated them as both equal. The second question (“Which of 
the visual representations did you find most useful?”) formed part of the post-intervention 
questionnaire, to which 46.67% of participants again indicated their preference for the pie chart.
Although these results cannot be considered unusual due to the self-explanatory nature of a pie 
chart, Cleveland, in his book titled The Elements of Graphing Data, argues that human per
ception is less accurately able to judge differences in area (the technique used by pie charts) 
compared to differences in length (the technique used by bar charts), possibly leading to inac
curate readings (31]. Conversely, pie charts are very effective at conveying the “part-to-whole 
relationship” (44, p.6], an important characteristic when comparing what proportion of residents 
within a given suburb are experiencing a particular service delivery issue.
Written responses from Participant_ 10 and Participant_25 highlighted confusion with the choice 
of unit used on the dependent variable (y-axis) of the bar chart. This may possibly have been a 
contributing factor as to why the pie chart took preference. Interestingly, many participants were 
observed using a combination of the charts, along with the numerical table when interpreting 
results, especially those who did not realise the smartphone charts were interactive. Ultimately, 
it was decided to keep both the pie chart and numerical table, and remove the bar chart, the 
technique rated least favourably by participants.

Interactivity and understanding

Study participants using the smartphone (n = 15) were presented with unlabelled, interactive 
charts. Participants were expected to ‘tap’ areas of interest within the charts, thereby revealing
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hidden information (such as the size of the selected sector). Part of the study aimed to determine 
whether this interactivity encouraged participants to explore the results, helping them gain 
further insight into the presented data.
As described in Section 6.5.1, three-quarters (75%) of participants who performed Task 1 using 
the smartphone indicated that they did not make use of the chart interactivity. Although this 
seemed surprising at first, observations revealed that many participants were unaware that the 
charts were in fact interactive, even though the screen title clearly stated: ‘Tap chart for more 
details’. Three participants (2, 22, 24) indicated that instead of having to interact with the 
chart, they would prefer the necessary information to appear directly on the chart itself, thereby 
allowing them to glean the necessary information more easily.
Interestingly, although only 25% of the participants who performed Task 1 using the smartphone 
indicated that they had used chart interactivity, the majority of responses to the post-intervention 
questionnaire statement “The interactive charts made information more easily understandable”, 
were positive. This resulted in a usability rating of 76.67%. A possible reason for this favourable 
rating is that participants who used the smartphone when performing the study (n = 15) were 
comparing this additional information provided to the blank chart initially presented (see Figure 
5.8a).

Observations and concerns

After having performed Tasks 1 and 3 as expected, participants were presented with the Results 
screen, similar to that shown in Figure 6.24. The screen contained a numerical table, as well as 
the option to view two charts summarising responses to the given poll question. By examining 
these charts, participants were asked to note the number and percentage of people experiencing 
the exact issue they were experiencing.
Charts presented to participants who completed Task 1 displayed the number and percentage 
of people without water (answer: 131 people/83% of all votes). While charts presented to 
participants who completed Task 3 illustrated the number and percentage of people who were 
experiencing a water quality issue. Participants were asked to note those experiencing brown 
water (answer: 83 people/57% of all votes).
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Figure 6.24: Numerical table sum m arising poll results

Consulting the  w ritten answers from participants who performed Task 1, it can be seen th a t 
only four participants (9, 10, 16, 17) correctly noted these figures. Furtherm ore, two of these 
participants (9, 10) were observed incorrectly consulting the  numerical table, instead of the  charts 
(as instructed by the  questionnaire) when determ ining their answers.. Although this might seem 
like a low number, it should be noted th a t only eight out of the 15 participants performed Task 
1 as expected, and as such only these participants were presented with the  R e s u l ts  screen.

Interestingly, although only four participants correctly read the values from the charts, the 
m ajority  of participants responded favourably when presented with the  statem ent: “ ftlhc charts 
were easy to understand”. This resulted in a usability rating  of 88.57%. Two possible reasons 
for th is result have been identified. Firstly, as participants were not told the  correct answer 
after having performed the task, they may have been unaware th a t they interpreted the values 
incorrectly. Secondly, as with previous statem ents, participants may not have wished to  convey 
a negative reflection of themselves, and therefore answered more positively than  they otherwise 
would have.

W ritten answers for Task 3 were noticeably more accurate when compared to Task 1, w ith 66.67%. 
(n = 10) participants correctly interpreting chart values. As previously mentioned, th is improved 
result is likely to  have been caused by partic ipan ts’ exposure to other tasks before performing 
Task 3, thereby improving their fam iliarity w ith the client application. This may potentially 
highlight the application’s learnabilitv. As a ease in point, 10 out of the 15 participants who 
performed Task 3 had performed a prior task, while none of the  15 participants who performed 
Task 1 had done so. An eciual num ber of English and isiXhosa participants performed each task, 
therefore language preference is unlikely to have affected the  results. O bservational notes made 
during Task 3 again highlighted th a t two participants (18, 25) read values from the numerical 
table instead of from the charts, as instructed. Participants responded slightly more favourably 
to  Task 3’s statem ent: “ ftlhc charts were easy to understand”, resulting in a usability rating  of 
90.67%..
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A minor usability concern highlighted by five participants (6, 7, 11, 20, 23) was the use of the term 
‘votes’ on the Results screen. This issue is likely as a result of participants misunderstanding that 
when asked to inform Makana Municipality about a service delivery problem, they were in fact 
answering a service delivery poll. Alternative suggestions from participants included renaming 
votes to either respondents, people or comments.

6.9 Summary

This chapter presented the first of two usability evaluations, performed using the cross-platform 
client application. The study highlighted problems experienced by participants while navigat
ing the client application, particularly misunderstandings surrounding the use of certain words 
(‘poll’, ‘votes’) and phrases (‘Take a poll’) as well as ambiguities within the menu options (‘Water 
monitoring’, ‘Talk to your municipality’). The study also indicated which chart type participants 
found most understandable, as well as whether interactivity within the charts helped better con
vey meaning. The task performance measures from several different sample groups within the 
study were compared and discussed, drawing out interesting trends and findings. The follow
ing chapter details the comparative usability evaluation performed using the MobiSAM and 
MobiSAM Report cross-platform client applications.



Chapter 7

Evaluation: client application 
comparison

7.1 Introduction

This chapter presents the second and final usability evaluation and was performed using both the 
MobiSAM and MobiSAM Report client application. The study aimed to determine which of the 
two applications participants preferred, stating their reasons why. The study sample (Section 
7.2), data-collection instruments (Section 7.3) as well as method and analysis (Section 7.4) are 
first described. The study tasks (Section 7.4) and task performance metrics (Section 7.6) are 
then detailed. Next, the results (Section 7.7) of each task are presented. Finally, a detailed 
analysis and discussion of these results is given (Section 7.8), centred around three of Nielson’s 
five quality components of usability: learnabilitv, memorability and satisfaction (156].

7.2 Study sample

Instead of conducting the study on a new set of participants, it was decided to employ a self
selection sampling technique, enlisting 10 participants who had taken part in the first usability 
evaluation (see Chapter 6). Although self-selection techniques indicate that the sample is not 
truly representative of the Grahamstown population at large (and therefore the target audi
ence), it allowed the researcher to evaluate the memorability of the MobiSAM client application, 
gauging how quickly participants were able to re-establish their proficiency when using the ap
plication. Furthermore, as all 10 study participants had previously used the MobiSAM client 
application, they were able to reflect upon the design modifications made to the original. A 
detailed description of the study sample is presented in Section 7.7.1.

139
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7.3 Data-collection instruments
Two new questionnaires were developed as part of the usability evaluation: a study tasks ques
tionnaire and a post-intervention questionnaire. In addition, the pre-intervention questionnaire 
from the first usability evaluation was adapted and reused. The study tasks questionnaire con
sisted of four tasks spanning a cross-section of MobiSAM and MobiSAM Report’s functionality. 
As with the previous evaluation, each task aimed to be representative of the client applications’ 
real-world use.
A single question appeared after each task, simply asking participants: “Overall, this task was?” 
Responses to the question were represented by a five-point Likert scale with options ranging 
from ‘Very easy’ to ‘Very difficult’. The question aimed to elicit information relating to each 
participant’s task-performance satisfaction.
The post-intervention questionnaire consisted of seven questions and aimed to assess MobiSAM 
and MobiSAM Report according to three of Nielsen’s five quality components: learnabilitv, 
memorability and satisfaction [156]. The first component was chosen as client applications need 
to be easily learnt by citizens, without extensive training. Citizens also need to be able to quickly 
re-establish their proficiency at using the application, as it is likely that there will be long periods 
where the application is not used. The third component was selected in an attempt to ensure 
that citizens find the user interface pleasant to use and are therefore likely to use the application 
again in future (instead of seeking other avenues of complaint).
Finally, a question asking participants to describe their likes, dislikes and recommendations for 
each of the client applications was also presented. Responses to the post-intervention ques
tionnaire were not restricted to predefined answers, instead eliciting open-ended responses from 
participants.
A copy of the study questionnaires are provided in electronic Appendix B.3.

7.4 M ethod and analysis
As per University protocol, ethics approval was granted (tracking number CS14-10) before pro
ceeding with the study. Ten participants who had taken part in the first usability evaluation, 
and indicated that they were willing to participate in subsequent studies, were recruited using 
a self-selection sampling technique. Participants were informed about the purpose of the study 
and how it would proceed, after which they were asked to sign a consent form. As with previous 
studies, no remuneration or incentives were offered.
Participants were split into two groups, with five participants first performing the study tasks 
using MobiSAM and then MobiSAM Report (Participant^lA to Participant_5A). While the
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remaining five participants first performed the tasks using MobiSAM Report, followed by Mo
biSAM (Participant^lB to Participant_5B). Participants were provided with a Samsung Galaxy 
Pocket smartphone on which both MobiSAM and MobiSAM Report were installed. They were 
then shown both applications and given two minutes to explore each. Once the time had expired, 
they were asked to proceed with Task 1: logging into the application. After having completed 
the task as expected, participants were presented with the question: “Overall, this task was?”, 
with responses being recorded using a five-point Likert scale.
The task duration as well as the number of display tap events were also recorded. Participants 
were instructed to perform Tasks 1 to 4 sequentially, with the researcher offering assistance 
when required. A within-groups study design was used whereby the same 10 participants were 
used to test both client applications. Once a participant had performed all four tasks using 
MobiSAM, they were asked to repeat the tasks using MobiSAM Report. The order in which 
each client application was presented to participants was counter-balanced in an attempt to 
mitigate learning effects. As participants performed a greater number of tasks when compared 
to the first study, the length of each task was substantially shorter, in an attempt to minimise 
participant fatigue.

7.5 Study tasks

Four tasks were constructed for the usability evaluation, spanning a broad cross-section of each 
client application’s functionality. Each of the tasks are described next.

7.5.1 Task 1: Log in

The first task aimed to assess how easily participants were able to log in to each client application. 
The task began by presenting participants with the scenario: “You have just turned on the tap 
and realised that there is no running water”, then:

1. Participants were instructed to log in to either MobiSAM or MobiSAM Report using the 
provided username and password combination.

2. Once successfully logged in, participants were asked to proceed to the second task.

7.5.2 Task 2: R eport w ater outage

Task 2 instructed participants to report a water outage and consisted of two steps:
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1. First, participants were asked to report a water outage to Makana Municipality, at their 
current position, obtained using GPS.

2. After having successfully reported the issue, participants were asked to navigate back to 
the Home screen.

As no results are provided after submitting a report using MobiSAM or MobiSAM Report, par
ticipants were not required to note any figures. Once the report had been successfully submitted, 
participants were instructed to perform Task 3.

7.5.3 Task 3: R eport w ater bubbling out o f th e  ground

In the third task, participants were presented with the scenario: “You have just seen water 
bubbling out of the ground at 1 High Street. Please report this problem to Makana Municipality”. 
Again, the task consisted of two steps:

1. First, participants were instructed to report the issue to Makana Municipality at the 
provided address (1 High Street). They were asked to also include a photo of the is
sue being reported. To simulate participants discovering this issue, they were instructed 
to take a photo of a printed picture which depicted water bubbling out of the ground.

2. Once their report was successfully submitted, participants were instructed to return to the 
application’s Home screen.

Similar to Task 2, no results were presented to participants. After completion of task 3 parti
cipants were asked to move on to the final task, Task 4.

7.5.4 Task 4: Change application language

Task 4 aimed to determine how easily participants were able to change their preferred language 
within MobiSAM and MobiSAM Report, and consisted of the following steps:

1. Starting at the Home screen, participants were asked to change the application language 
from English to isiXhosa.

2. Participants were then instructed to navigate back to the Home screen, now presented in 
isiXhosa.
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Following the Android design pattern, changes were applied automatically, therefore no ‘Save’ 
button was provided.
Once participants had completed all four tasks using both client applications, they were presented 
with the post-intervention questionnaire. Participants were asked to complete the questionnaire 
verbally with responses being written down verbatim by the researcher. As with previous studies, 
questionnaires were only available in English with the research assistant acting as translator when 
required. Participant responses were guaranteed to remain anonymous and would not be traced 
back to them.

Each evaluation took between 15 and 25 minutes to complete, depending on the speed of the 
participant and the length of the responses given. Responses were captured electronically using 
Google Forms and later analysed with Microsoft Excel and IBM SPSS (a statistical analysis 
software package).

7.6 Task performance measures

Several different performance measures were recorded in an attempt to determine which client 
application participants preferred. Measures included task completion time (Section 7.6.1); num
ber of display tap events when performing a task (Section 7.6.2); as well as task usability rating 
(Section 7.6.3). These quantitative results were used in conjunction with qualitative feedback in 
the form of open-ended responses from participants.

7.6.1 D uration

Task duration is a standard performance measure used in many areas of HCI research (122], and 
was recorded for each participant in the study. Although these times do not necessarily indicate 
how easy or difficult participants found a particular task, combined with other performance 
measures they allowed the researcher to perform a comparison between MobiSAM and MobiSAM 
Report.
Task timing was triggered by the first display tap event and continued until the participant had 
completed the task, and navigated back to the Home screen. A Wilcoxon signed-rank test was 
performed on the timings in order to determine whether there was any significant difference 
(p<0.05) in task durations between each client application. As the geometric mean has been 
shown to have less error and bias when compared to the sample median (188], it was used when 
finding the mean participant task completion times.
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7.6.2 D isplay tap events

The number of display tap events made by each participant when performing a task was noted. 
All tap events, except those made when using the virtual keyboard, were recorded. As with task 
completion times, a Wilcoxon signed-rank test was performed on these values, indicating whether 
there was any statistically significant difference (p<0.05) between the number of tap events made 
when using MobiSAM and MobiSAM Report. The median was used when calculating the average 
number of tap events made by participants for each task. This decision was taken as Lewis and 
Sauro, in their paper titled Average Task Times in Usability Tests: What to Report?, only 
advocate using the geometric mean when calculating average task completion times, and not 
display tap events [188].

7.6.3 U sability  ratings

As with the first usability evaluation, presented in Chapter 6, a value was assigned to each option 
in an attempt to quantify participant responses, with ‘Very easy’ representing a value of five, 
and ‘Very difficult’ representing a value of one. The overall usability rating for each task was 
then calculated by summing all participant responses for a participant task, then dividing the 
result by the total.
The resulting usability rating for each task was then compared across MobiSAM and MobiSAM 
Report in an attempt to determine which version participants preferred. As the summed Likert 
responses are considered interval data [14], the Wilcoxon signed-rank test could not be used to 
determine whether the differences in task usability ratings between the client applications was 
statistically significant.

7.7 Results

This section presents the results of the pre and post-intervention questionnaires, as well as the 
results of the four study tasks.

7.7.1 D em ographics

As with the previously described studies (see Chapter 4 and Chapter 6), the first section of the 
pre-intervention questionnaire consisted of five questions and aimed to elicit basic demographic 
information from each participant.
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Of the study sample, 60% of participants were female while 40%. were male. Referring to par
ticipant age groups, the majority (70%.) indicated that they were between 18-30 years; one 
participant (10%) indicated that they were between 31-45 years; while two participants (20%) 
indicated that they were over 60 years. 40%. of participants indicated that they were Black 
African, while 60%. were White. Examining participants’ preferred language, 20%. of participants 
specified isiXhosa, while 80%. specified English. Furthermore, 20%. of participants had obtained 
their matrie, while 80%. had graduated from university.

7.7.2 U se o f m obile technology

The second section of the pre-intervention questionnaire solicited feedback relating to parti
cipants’ use of mobile technology and related services.
Of the participant group, 90%. owned a smartphone while a single participant owned a feature 
phone. 1(1% of participants had been using a mobile phone for 6-10 years, while the remaining 
60%: indicated that it had been over 10 years. The most prevalent brand of handset amongst 
participants was Samsung, representing 60%: of the study sample. Nokia handsets were second 
most prevalent and represented 20%: of the study sample, while the remaining two handsets were 
an Apple and a Huawei branded respectively.

Figure 7.1: Frequency of use: data versus voice versus SMS (n = 10)

Participants were asked to rank the frequency in which they used the data, voice and SMS 
services available on their mobile phones. Responses arc illustrated in Figure 7.1, with 80%: of 
participants indicating that they used data most frequently; 60%: indicating that they used voice 
calls second most frequently; while the same amount (60%:) indicated that they used SMS least 
frequently. One participant never used data from their handset.
When asked to specify which messaging services participants used on their handsets, all parti
cipants indicated SMS; 90%: of participants indicated WhatsApp; while a single participant used
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BlackBerry Messenger (BBM). All participants indicated that they used these messaging services 
daily.

Figure 7.2: Use of online data services (n = 10)

Examining which online data services participants accessed from their handsets, 70% indicated 
both e-mail and Facebook; 10% indicated news; 20%. indicated Wikipedia; while 20%. indicated 
that they did not make use of any data services (see Figure 7.2). It should, however, be noted that 
of this 20% (n = 2), one participant (Participant_2B) did make use of WhatsApp, a messaging 
service which makes use of packet-data. This indicates that the participant possibly uses other 
non-specified data services which they do not realise are data services. Of the participants (80%.) 
who made use of online data services, all indicated that they did so on a daily basis.

7 .7 .3  Task 1: Log in

The mean task completion time and median number of display tap events made by participants 
when completing Task 1 are summarised in Table 7.1. As each participant performed the task 
using MobiSAM and MobiSAM Report, both sets of results are provided. 80%. of participants 
managed to log in to MobiSAM on their first attempt, while 20%. managed to do so on their 
second attempt. All participants managed to log in to MobiSAM Report on their first attempt.

MobiSAM MobiSAM Report
Mean task completion time 18.08s 14.70s

Median tap events 2.5 2.5
Usability rating 94% 96%

Table 7.1: Duration, tap events and usability rating for Task 1

A Wilcoxon signed-rank test showed that there was no statistically significant difference (p <
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0.05) in the Task 1 completion times between MobiSAM and MobiSAM Report (Z = -0.614, 
p = 0.539). In addition, there was no statistically significant difference (p < 0.05) in the number 
of tap events made (Z = -0.962, p = 0.336) between MobiSAM and MobiSAM Report. Results 
are illustrated in Table 7.2.

Z p-value
Task com pletion tim es -0.614 0.539

Tap events -0.962 0.336
Table 7.2: Wilcoxon signed-rank test for Task 1

The fact that there was no significant difference in any of the performance measures for Task 
1 indicates that participants performed comparably well, irrespective of the client application 
used.

Q: “Overall, th is task  was?” When asked to rate the task-performance satisfaction using 
MobiSAM, 70% of participants selected ‘Very easy’ while 30%. chose ‘Easy’, resulting in a usability 
rating of 94%. When asked to rate the same task performed using MobiSAM report, 80%. of 
participants chose ‘Very easy’ while 20%. chose ‘Easy’, equating to a slightly more favourable 
usability rating of 96%.

7.7.4 Task 2: R eport w ater outage

Results for the second task are reflected in Table 7.3.
M obiSAM M obiSAM  R eport

M ean task  com pletion tim e 37.60s 36.42s
M edian ta p  events 6 4.5

U sability ra ting 100%. 90%.
Table 7.3: Duration, tap events and usability rating for Task 2

Performing a Wilcoxon signed-rank test indicated that there was no statistically significant differ
ence (p < 0.05) in task completion times between MobiSAM and MobiSAM Report (Z = -0.614, 
p = 0.539). However, there was a significant difference (p < 0.05) in the number of tap events 
made when performing the task using MobiSAM and MobiSAM Report (Z = -2.460, p = 0.014).

Z p-value
Task com pletion tim es -0.614 0.539

Tap events -2.460 0.014
Table 7.4: Wilcoxon signed-rank test for Task 2
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The results for each Wilcoxon signed-rank test arc summarised in Table 7.4.

Q: “Overall, th is task  was?” All participants indicated that performing the task using Mo
biSAM was ‘Very easy’, resulting in a usability rating of 100%. The same task performed using 
MobiSAM Report scored less favourably, with 60%. of participants rating it as ‘Very easy’; 30%. 
chose ‘Easy’; while a single participant chose ‘Neutral’. Due to the fact that MobiSAM Report 
presented participants with a single screen when reporting a problem, three participants (1A, 
2B, 5A) had to be told they needed to scroll in order to reveal additional information contained 
further down the screen.

7.7.5 Task 3: R eport w ater bubbling out o f th e  ground

A summary of the results for Task 3 is presented in Table 7.5, and indicates that participants 
took slightly longer to perform the task using MobiSAM, while at the same time triggering more 
tap events. Performing a Wilcoxon signed-rank test on the completion times, however, showed 
that the difference between MobiSAM and MobiSAM Report was not statistically significant 
(p < 0.05).

M obiSAM M obiSAM  R eport
M ean task  com pletion tim e 61.40s 54.10s

M edian ta p  events 11.5 9.5
U sability ra ting 94% 88%

Table 7.5: Task 3: Duration, tap events and usability rating

There was however a statistically significant difference (p < 0.05) between the number of tap 
events made when performing the task using each client application, as summarised in Table 7.6. 
The median number of tap events made by participants performing Task 3 using MobiSAM was
11.5 compared to 9.5 when using MobiSAM Report.

Z p-value
Task com pletion tim es -1.224 0.221

Tap events -2.155 0.031
Table 7.6: Wilcoxon signed-rank test for Task 3

Q: “Overall, th is task  was?” 70%. of participants indicated that Task 3 was ‘Very easy’ 
when performed using MobiSAM, while 30%. indicated ‘Easy’. Again, MobiSAM Report scored
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less favourably, with 40% of participants indicating ‘Very easy’ while 60%. indicated ‘Easy’. The 
resulting usability rating for each was 9 1% and 88%. respectively.
Even though the questionnaire instructed participants to enter their address manually, Par- 
tieipant_lB performed this step correctly, but immediately afterwards chose to obtain their 
address using GPS, overwriting the correctly entered address. This oversight occurred when 
using both MobiSAM and MobiSAM Report. Participant_5A forgot to include a photo of the 
issue being reported when using MobiSAM Report. Finally, instead of selecting ‘Water’ from 
the MobiSAM Report Home, screen, Participant_3B chose ‘Roads’ as they assumed the service 
delivery issue being reported related to road infrastructure.

7.7.6 Task 4: Change application language

Referring to Table 7.7, participants took slightly longer to perform Task 4 when using MobiSAM, 
however, this difference was shown not to be statistically significant (p < 0.05). Results to the 
Wilcoxon signed-rank test are summarised in Table 7.8.

M obiSAM M obiSAM  R eport
M ean task  com pletion tim e 14.57s 9.15s

M edian ta p  events 4 4
U sability ra ting 100%. 96%

Table 7.7: Task 4: Duration, tap events and usability rating

An identical number of tap events were made when performing the task, irrespective of which 
application was used.

Z p-value
Task com pletion tim es -1.790 0.074

Tap events -0.552 0.581
Table 7.8: Wilcoxon signed-rank test for Task 4

Q: “Overall, th is task  was?” All participants indicated that performing Task 4 using Mo
biSAM was ‘Very easy’, resulting in a perfect usability rating. Participant_2A did however have 
difficulty navigating back to the MobiSAM Home, screen due to unfamiliaritv with the study 
handset. Once again, participants rated the task less favourably when performed using Mo
biSAM Report, with 80%. of participants indicating the task was ‘Very easy’ while 20%. indicated 
‘Easy’. The resulting usability rating was 96%..
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7.7.7 O pen-ended responses

After having completed the four tasks using both MobiSAM and MobiSAM Report, participants 
were asked a number of questions which aimed to assess the learnabilitv, memorability and 
satisfaction of each client application.

Ql: “Which of the two apps did you find easiest to use?” Examining responses to this 
question, 80% (n = 8) of participants indicated that they found MobiSAM easiest to use; one 
participant indicated MobiSAM Report; while another indicated that they were both equally 
easy, although they preferred using MobiSAM.
When asked to elaborate on their choice, several different responses were given. Three parti
cipants (1A, 2A, 5B) indicated that they felt MobiSAM was better at ‘guiding’ them through the 
reporting process, while MobiSAM Report instead presented participants with a single screen. 
Participant_5B said: “[I] didn’t like the scrolling up and down in MobiSAM Report, whereas 
MobiSAM used separate screens”. Similarly, Participant_2A said that they “felt more secure 
using it [MobiSAM]” compared to MobiSAM Report. While Participant^lA stated: “It [Mo
biSAM] didn’t leave room for me to pick a wrong option. It was more guiding than the other 
one [MobiSAM Report]”. In addition, Participant_3B indicated that the instructions presented 
in MobiSAM were “more clear on what you need to do”. Participant _4 A felt that the MobiSAM 
Login screen was more intuitive, as it contained text specifying the purpose of each UI element. 
The participant also felt that the wording ‘Keep me logged in’ used in MobiSAM was more widely 
understood than ‘Remember me’. Two participants (IB, 2B) indicated that previous learning 
may have made them feel more comfortable using MobiSAM, with Participant^lB mentioning 
that “MobiSAM Report was my learning stage”, while Participant_2B felt that they were already 
partly familiar with MobiSAM due to previous exposure to the application.
Participant_3A, who indicated that they found MobiSAM Report easiest, said they “likefd] the 
use of pictures and graphics”.

Q2: “Once familiar with the apps, do you feel you would be able to perform the tasks 
quicker using MobiSAM or MobiSAM Report?” Responding to the second question, 20% 
of participants indicated MobiSAM; 30% chose MobiSAM Report; while the remaining 50% of 
participants said that they would be able to perform the tasks equally quickly, regardless of the 
client application used.
Of the participants who chose MobiSAM, Participant_4B said they felt they would be able to 
perform the task quicker because there was “less scrolling”, therefore allowing the participant to 
“keep focusing on the screen”. Participant_4A indicated that they preferred being shown “a clean 
page, and then another clean page, rather than scrolling” as it resulted in “less cognitive load
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when compared to MobiSAM Report”. The participant also indicated that they found having a 
preview of the captured photo useful, a feature not included in MobiSAM Report.
Examining two of the responses from the three participants (2B, 3A, 3B) who chose MobiSAM 
Report, when asked the reason for their choice Participant_3A simply stated: “The interface 
is easier to use”, while Participant_2B felt they would be able to perform tasks quicker using 
MobiSAM Report “because of the icons”.
Finally, three responses were given by participants (1A, IB, 2A) who indicated that they would 
be able to perform tasks equally quickly using both applications. Participant_2A said that 
although they felt they would be able to perform the tasks quicker using MobiSAM Report, they 
would still prefer to use MobiSAM. Both Participant^lA and Participant_ IB felt that there 
would be no speed difference, as they had performed the tasks using both applications, which 
they were now familiar with. However, Participant_ IB went on to conclude that: “For someone 
starting to use these apps, I think MobiSAM would be easiest”.

Q3: “After having not used either of the apps for a while, which of the two would 
you feel most comfortable using again?” The majority of responses to Q3 were in favour 
of MobiSAM, with 60% of participants indicating that they would feel more comfortable using 
MobiSAM after having not reported an issue for a while. 30% of participants chose MobiSAM 
Report, while a single participant said that there was no difference between the two.
Describing their reasons for selecting MobiSAM, Participant_2A felt that it offered “way more 
guidance, whereas MobiSAM Report is more distracting”. The participant also felt that only 
having three options on the Home screen was “less daunting” when compared to the grid layout 
used in MobiSAM Report. Participant_4B echoed this, saying: “[MobiSAM] doesn’t present all 
the information at once”, and therefore seemed less overwhelming. Participant_4A preferred the 
colour scheme used in MobiSAM saying: “The icons against the white background were easier 
on the eyes” while the icons used in MobiSAM Report “were more harsh” (see Figure 7.3).
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(a) MobiSAM (b) MobiSAM Report

Figure 7.3: Client application H om e, screens

Exam ining the responses from participants (2B, 3A, 5B) who chose MobiSAM Report, Parti- 
e ipan t_2B  said they felt more comfortable using it because there was less reading involved and a 
greater emphasis on the  use of icons. Similarly, Participant _5B  indicated th a t they preferred the 
grid layout of the  H om e, screen icons compared to  the  menu-driven MobiSAM UP In addition, 
P a rtic ipan t_3A  felt th a t MobiSAM R eport was “quicker to  navigate through and easier to use”.

Finally, P artic ip an t_ IB  said th a t they would feel equally comfortable using cither client applic
ation as they were now fam iliar having used both.

Q4: “Do you feel more likely to make mistakes with MobiSAM or MobiSAM Re
port?” The fourth question presented to  participants received mixed responses, w ith 20% 
indicating MobiSAM; 10% indicating MobiSAM Report; while the  rem aining 40%. said th a t they 
were both  the  same.

P artic ipan t_3A  felt th a t they were more likely to  make mistakes using MobiSAM, as it placed 
less emphasis on the  use of pictures to help guide the  user. P artic ipan t_2B  felt th a t because 
MobiSAM R eport presented everything on a single screen, they were less likely to make mistakes.

Conversely, P artic ipan t_2A  said th a t they were more likely to  make mistakes using MobiSAM 
R eport due to the fact th a t everything was presented on one screen, hence requiring more 
scrolling. Similarly, two participants (1A, 3B) felt th a t MobiSAM R eport provided less guidance 
when com pared to  MobiSAM, with P a rtic ip a n t_ lA  stating: “MobiSAM doesn’t leave me any 
room to make mistakes. It leads me through everything”. Furtherm ore, Participant _4A  felt th a t 
MobiSAM R eport was “more verbose”, potentially  leading to  an increased likelihood of mistakes.

Finally, responses from the final group of participants (IB , 4B, 5A, 5B) indicated th a t they felt 
unlikely to make mistakes, regardless of the  application used. P artic ip an t_ IB said: “I don’t sec
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myself making mistakes”, while Participant_5A indicated that if they did make a mistake, they 
felt it would be straightforward to backtrack and correct it.

Q5: “Which of the overall app designs do you find most pleasing and intuitive?”
Examining answers to question five, 40% of participants found MobiSAM’s design most pleasing 
and intuitive; 50% chose MobiSAM Report; while one participant indicated no preference.
Of the four participants (2A, 3B, 4A, 5A) who chose MobiSAM, two provided comments. Sim
ilar to previous comments, Participant_2A stated that the menu-driven UI style employed by 
MobiSAM helped guide them, letting them know that they were performing tasks correctly. Par- 
ticipant_3B also felt that MobiSAM helped ‘walk’ them through the steps, therefore making the 
client application more pleasing and intuitive to use.
The most frequently cited reason for participants having chosen MobiSAM Report was due to its 
use of iconography, with Participant^lB stating: “MobiSAM Report is a bit easier because it has 
pictures. Especially for somebody who’s not familiar with phones”. Similarly, Participant_3A 
liked the use of icons, Participant_4B preferred the grid layout of the Home screen, while 
Participant_5B simply stated: “It [MobiSAM Report] looks better”. In addition, Participant_2B 
said MobiSAM Report was “very clear because of its use of icons rather than words”.
The single participant (Participant^lA) who indicated no preference said that they felt that 
MobiSAM was more pleasing due to the guidance it offered users, while MobiSAM Report was 
more intuitive as the icons were bigger and therefore allowed for easier interaction.

Q6: “Do either of the apps better provide the features that you need?” Responses 
to question six indicated that 30% of participants felt MobiSAM better provides the features 
they need; 10% chose MobiSAM Report; while the remaining 60% had no preference: both 
applications provided the same functionality equally well.
Only three participants (1A, 2B, 4A) elaborated upon their choices. Participant^A  said they 
liked the fact that MobiSAM provides an ‘Other’ option, allowing them to report “more serious 
[service delivery] problems” should the need arise. In addition, they felt that the ‘Update profile’ 
menu option was more personal than ‘Settings’ option used in MobiSAM Report. Participant_4A 
preferred MobiSAM as it provided an icon next to the ‘Update profile’ menu option, whereas 
MobiSAM Report did not include an icon alongside ‘Settings’.
Finally, Participant_2B indicated their preference for MobiSAM Report, simply stating it “provides 
better access in general”.

Q7: “What are your likes, dislikes and recommendations for each of the apps?”
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M obiSAM  Four participants (1A, 2A, 4A, 4B) provided feedback and comments regarding 
the MobiSAM client application.
Examining aspects of the application which participants liked, Participant_4A said that Mo
biSAM was “clean” and “more simplistic”, and that they “preferred [the use of] less content”. 
Participant^lA liked the ‘Other’ menu option (which allows users to report service delivery is
sues not related to water, roads, electricity or sanitation) and felt that MobiSAM was “a little 
more guiding”. They went on to highlight that ‘Update profile’ seemed more personal than ‘Set
tings’, as provided in MobiSAM Report. Finally, Participant_2A appreciated the fact that they 
were able to “say something to the municipality without a huge hassle”, and that it “felt like I 
(had] accomplished something and it didn’t take much of my time”.
Participant_4B suggested that some of the options contained within the Update profile screen 
should instead be incorporated within a separate Settings screen.

M obiSAM  R eport Eight participants (1A, IB, 3A, 3B, 4A, 4B, 5A, 5B) provided feedback 
and comments surrounding the MobiSAM Report client application.
Referring to the aspects of the client application which participants liked, Participant^lA, Par- 
ticipant^lB, Participant_3A and Participant_4B all indicated that they favoured the use of 
Home screen icons. Participant^lB went on to provide an anecdote highlighting the importance 
of pictures and how they aid understanding, stating: “When I was young I would read books 
but wasn’t interested (in books] without pictures. I want to see what Pm reading about”. Sim
ilarly, Participant _3 A said: “(I] like that it (MobiSAM Report] was more graphical, whereas 
MobiSAM was more textual” while P articipant^  A liked “the big buttons on the Home screen”. 
Participant_4B further added that they liked the grid layout of the Home screen.
Conversely, Participant_4A said that they found the colour of MobiSAM Report’s Home screen 
“overwhelming”, and the fact that they had to scroll through a single screen when reporting 
a service delivery issue resulted in “cognitive overload”. Similarly, Participant^ A felt that 
MobiSAM Report “doesn’t present content in manageable sizes”, instead showing multiple screens 
worth of information at once.
Finally, Participant _5B felt that MobiSAM Report should include a preview of the captured 
image, similar to MobiSAM.

7.8 Analysis and discussion

Usability is defined by Jacob Nielson as “a quality attribute that assesses how easy user in
terfaces are to use” (156, p.l], and consists of five quality components: learnabilitv, efficiency,
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memorability, errors and satisfaction [156]. In an attempt to determine which client application 
participants preferred, three of these quality components were inspected, namely: learnabilitv, 
memorability and satisfaction.

7.8.1 Learnability

The first quality component, learnability, is described as the ease with which users are able to 
accomplish basic tasks the first time they encounter a UI [156].
The first question (“Which of the two apps did you find easiest to use?”) aimed to determine 
how MobiSAM and MobiSAM Report compared according to this quality component, with 80% 
of participants indicating that they found MobiSAM easier to use. MobiSAM's notable prefer
ence amongst participants is likely due to its menu-driven navigation style, as highlighted by 
a comment from P articipant^  A stating: “It [MobiSAM] didn’t leave room for me to pick a 
wrong option, [as it] was more guiding than the other one [MobiSAM Report]”. Participant_3B 
stated that MobiSAM seemed more learnable as its instructions were clearer, and better de
scribed what needed doing. In addition, Participant_4A felt that MobiSAM’s Login screen was 
more descriptive, and hence more learnable, as it contained text describing each UI component, 
while MobiSAM Report used a more minimalistic style. The participant also indicated that 
the description ‘Keep me logged in’ was better understood than ‘Remember me’. Interestingly, 
Participant^lB felt that having first performed the study using MobiSAM Report helped them 
feel more at ease when using MobiSAM, stating: “MobiSAM Report was my learning stage”. 
This suggests that the learnability of MobiSAM Report is possibly transferable to MobiSAM. 
The same participant went on to state that they “think MobiSAM would be easiest” for someone 
first using the client applications, further highlighting its learnability.
While MobiSAM follows a menu-driven navigation style, guiding participants through the re
porting process by presenting them with several sequentially ordered screens, MobiSAM Report 
presents participants with a single screen which they are required to scroll through, filling in the 
necessary details. Although this UI design requires fewer tap events for a given task (see Tables
7.3 and 7.5), participants indicated that they felt less secure using it (due to the lack of guid
ance), which may have consequently hampered its learnability. This was typified by a comment 
from Participant^ , who stated that they “didn’t like the scrolling up and down in MobiSAM 
Report, whereas MobiSAM used separate screens”. Observations made by the researcher also 
indicated that three participants (1A, 2B, 5A) were initially unaware that the Reporting screen 
of MobiSAM Report was indeed scrollable. This left them unsure about how to proceed with 
the task. The single participant (3A) who found MobiSAM Report easiest to use cited its use of 
pictures and graphics on the Home screen for their preference.
Interestingly, inspecting the task performance measures indicates that there was no statistically 
significant difference (p < 0.05) in the degree of learnabilitv of each client application. Examining
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the completion duration of Task 1 (the first task all participants were assigned) reveals that, while 
not statistically significant, participants on average took slightly longer when using MobiSAM 
(18.08s) compared to MobiSAM Report (14.70s). Furthermore, participants gave MobiSAM a 
slightly less favourable usability rating (94%) compared to MobiSAM Report (96%). However, 
the median number of tap events made when completing this task was identical between both 
client applications. As participants progressed through the tasks, however, their usability rating 
for MobiSAM improved, further suggesting that they were becoming acquainted with the client 
application. It is important to note that all 10 participants had previously used MobiSAM during 
the first usability evaluation (see Chapter 6), which may have influenced these results.
Drawing conclusions from participant responses and task performance measures, it is reasonable 
to deduce that MobiSAM provides a more easily learnt UI when compared to MobiSAM Report. 
This is primarily due to the guidance it provides users by ‘walking’ them through the reporting 
process, describing each step along the way.

7.8.2 M em orability

Memorability defines how easily users are able to re-establish their proficiency at using a UI 
after not having interacted with it for a period of time [156]. The third question presented to 
participants (“After having not used either of the apps for a while, which of the two would you 
feel most comfortable using again?”) attempted to gauge how MobiSAM and MobiSAM Report 
compared according to this quality component.
The majority (60%) of participants (1A, 2A, 3B, 4A, 4B, 5A) chose MobiSAM over MobiSAM Re
port, indicating that the majority of participants thought it to be easier reacquainting themselves 
with MobiSAM. As all 10 study participants had previously performed tasks using MobiSAM 
during the first usability evaluation (see Chapter 6), the majority preference towards MobiSAM 
may have been a side-effect of this. Once again, participant responses indicated a preference for 
the menu-driven navigation style employed by MobiSAM, with Participant_2A stating: “[Mo
biSAM provides] way more guidance whereas MobiSAM Report is more distracting”, a character
istic likely to reduce the memorability of MobiSAM Report. In addition, Participant_2B noted 
that MobiSAM felt “partly familiar” due to prior exposure during the first usability evaluation. 
Furthermore, it is worth noting that while three participants (4A, 5A, 5B) of the sample group 
were unable to complete all their assigned tasks during the first usability evaluation (see Chapter 
6), these same participants managed to complete all assigned tasks during this study. Possibly 
highlighting the memorability of the client applications.
Examining participant responses reiterated the fact that they preferred being guided through the 
reporting process, thereby helping them re-establish their proficiency at using the client applic
ation. This preference was echoed by Participant_4B who stated: “[MobiSAM] doesn’t present
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all the information at once”, and is therefore seen as being less overwhelming. Participant_4A 
stated that they felt MobiSAM resulted in “less cognitive load” when performing tasks, further 
highlighting the manner in which the client application may enhance memorability.
As previously described, MobiSAM Report presented participants with a single Reporting screen, 
requiring them to scroll down, filling in information as required. Although this allowed for tasks 
to be performed in fewer steps, this increase in efficiency may have been at the cost of reduced 
memorability. This was echoed by Participant^lA who stated that MobiSAM Report “doesn’t 
present content in manageable sizes”, instead showing multiple screens worth of information on 
a single, scrollable screen. The 30% of participants (2B, 3A, 5B) who chose MobiSAM Report 
preferred its use of icons and the fact that it required fewer steps when performing a task. 
Participant_3A highlighted this by stating: “Quicker to navigate through and easier to use”. 
The distinctive use of icons arranged in a 2x2 grid on the Home screen may have improved the 
memorability of MobiSAM Report for this group of participants. However, these benefits may 
have been partly negated by the lack of guidance provided on the Reporting screen.
Interestingly, although Participant_2B indicated that previous exposure to MobiSAM may have 
improved their task performance, they still indicated a preference toward MobiSAM Report 
when responding to Q3, stating that MobiSAM Report required less reading and placed greater 
emphasis on the use of icons.
Drawing together participant responses and task performance measures, although not statistically 
significant (p < 0.05), it seems as if the majority of participants found MobiSAM to be more 
memorable. This improved memorability is likely due to the manageable sizes in which MobiSAM 
presents content to users, as well as the step-by-step guidance provided to users when reporting 
a service delivery problem.

7.8.3 Satisfaction

As the name suggests, satisfaction aims to determine how pleasant a UI design is to use [156]. 
The fifth question (“Which of the overall app designs do you find most pleasing and intuitive?”) 
attempted to gauge participant preference for each client application according to this quality 
component.
In contrast to previous questions, 50% of participants (IB, 2B, 3A, 4B, 5B) indicated a preference 
for MobiSAM Report, stating that the extensive use of icons and graphics helped improve its 
perceived satisfaction rating. However, this improvement is likely to have been diminished due 
to the excessive use of text on the Reporting screen. Participant_4A highlighted this, stating 
that MobiSAM Report was “more verbose” leading to “cognitive overload”.
While MobiSAM, on the other hand, employed a more subtle use of icons, 40% of participants 
(2A, 3B, 4A, 5A) felt that its menu-driven navigation style helped improve its intuitiveness. This
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was highlighted by a response from P artic ipan t^  A, stating: “The steps guide the user and let 
them know they are doing things right”. Participant^lA provided two different responses to 
the question, indicating that they found MobiSAM more intuitive, however, MobiSAM Report 
was more pleasing to use. In hindsight, question five should have been split into two separate 
questions as some participants are likely to have found one application more pleasing to use, 
while the other more intuitive.
All five participants who showed preference towards MobiSAM Report mentioned its effective use 
of icons and graphics as the primary reason for their preference. Interestingly, four (IB, 2B, 4B, 
5B) out of five of these participants had performed the study tasks first using MobiSAM Report, 
followed by MobiSAM. While three (2A, 4A, 5A) out of the four participants who indicated a 
preference towards MobiSAM had first performed the study tasks using it, followed by MobiSAM 
Report. This suggests that the order in which client applications were presented to participants 
may have affected their perceived level of satisfaction.
Although participants made a statistically significant (p < 0.05), lower number of display tap 
events when performing Tasks 2 and 3 using MobiSAM Report, there was no mention of this 
having improved participant satisfaction levels. Instead, participants indicated the grid layout of 
MobiSAM Report, combined with its reliance on icons and graphics, to be the primary reason for 
their preference. As such, it may be worth combining the different approaches taken by MobiSAM 
and MobiSAM Report in a future release of the client application. In this way, the improved 
satisfaction levels gained from the grid layout may be coupled with the enhanced learnability 
and memorability of MobiSAM's menu-driven reporting process, potentially leading to a more 
usable client application.

7.9 Summary

This chapter presented the second and final usability evaluation which aimed to determine which 
client application participants preferred: MobiSAM or MobiSAM Report. The study saw parti
cipants perform four tasks using each client application which aimed to examine a broad range 
of their functionality. Comparisons between MobiSAM and MobiSAM Report were drawn using 
three of Nielson’s five quality components (learnability, memorability and satisfaction) in an at
tempt to determine which client application was most preferred by participants. Results from the 
study indicated that although participants were able to perform the equivalent tasks in slightly 
less time (and with fewer display presses) when using MobiSAM Report, the improved guid
ance and assurance offered by MobiSAM flagged it as the preferred client application amongst 
participants.
The findings from this chapter have been used to derive a specifications list and possible design 
alternations for the next version of the MobiSAM client application, a brief outline of which is
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presented in Chapter 8. The next chapter provides a discussion and conclusion of the research 
undertaken in this thesis, revisiting each of the goals defined in Chapter 1, as well as presenting 
possible avenues for future work.



Chapter 8

Discussion and conclusion

8.1 Introduction

This chapter presents an overview and discussion of the research conducted as part of this thesis. 
First, the four research goals are revisited, revealing the contributions made by each (Section 
8.2). A variety of possible future work is then described (Section 8.3), aimed at both evaluating 
and improving the client applications, as well as the MobiSAM service. Finally, a brief collection 
of concluding thoughts is provided (Section 8.4).

8.2 Research goals revisited

Four distinct research goals were described in Chapter 1. Each of these goals will now be revisited 
in order to determine how satisfactorily they were met, as well as the contributions they made 
to the relevant fields.

8.2.1 G oal 1: L iterature review

The first research goal aimed to enable a broader understanding of the problem space. The 
literature review investigated the current state of the art in both e- and m-government arenas (see 
Section 2.2), as well as ICT-facilitated civic engagement projects, both locally and abroad (see 
Sections 2.3 and 2.4). A variety of applicable technologies were also detailed, including SMS, SMS 
gateways, USSD, REST and JSON (see Section 2.5). In addition, several different visualisation 
principles, techniques and tools were discussed (see Section 2.8). Particular attention was paid 
to the differences between traditional and mobile visualisations.

160
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Contributions The completion of this goal provided a solid foundation upon which the re
mainder of the research was built. Additionally, it may serve as a useful resource to researchers 
implementing similar ICT-facilitated civic engagement projects.

8.2.2 G oal 2: R eta il ou tlet survey and baseline study

The second goal was performed in order to determine the best-selling mobile handsets (and 
hence platforms) within the Grahamstown area (see Section 3.5), together with a comprehensive 
baseline study (see Chapter 4). The baseline study helped the researcher to gain an understanding 
of how Grahamstown residents currently use mobile devices and services, as well as participate 
with local government around the area of service delivery. Feedback from the informal retail 
outlet survey indicated Java ME and BlackBerry OS to be the two best-selling mobile platforms. 
As such, these mobile platforms were the chosen targets for the high-fidelity prototype client 
applications (see Appendix A.2). Results obtained from the baseline study confirmed these 
preliminary findings, as well as highlighting the prevalence of Android, iOS and, to a lesser 
extent, Windows Phone devices (see Section 4.6.3).
The study also indicated that data services are used either more frequently or the same amount 
as voice and SMS services, across all genders and race groups within Grahamstown (see Section
4.6.4). SMS was shown to be the most popular messaging service. In addition, almost two-thirds 
of respondents own handsets capable of installing the messaging application WhatsApp. This 
suggests that, as the cross-platform MobiSAM client application targets the identical platforms, 
a similar proportion of handsets could be reached by the installable client application. The 
majority of respondents also indicated that they believe that they can make either “some” or “a 
great deal” of difference in helping improve instances of poor service delivery (see Section 4.6.1). 
It is therefore plausible that these respondents will seek avenues of complaint, such as those 
provided by MobiSAM, as opposed to being apathetic to their current situation.

Contributions Combined, the results from the previously mentioned studies have contributed 
by providing the researcher with an accurate understanding of the current mobile environment 
within Grahamstown. Additionally, the extent to which residents currently engage with their 
local municipality, as well as the methods used were revealed. So too were their perceptions 
about being able to positively affect rates of service delivery within their town. In accordance 
with the UCD approach (see Section 3.2), this information was vitally important in informing the 
design and implementation of the client applications, as well as the SMS gateway (see Appendix 
A.2, as well as Sections 5.6, 5.7 and 5.8).
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8.2.3 G oal 3: D evelop  M obiSA M  client applications and SM S gatew ay

The third goal saw the development of two prototype client applications (see Appendix A.2), 
serving as an alternative to the MobiSAM website (see Section 5.3.1). Each acted as a basic 
proof of concept, and targeted the Java ME and BlackBerry OS platforms respectively. The 
development and maintenance of each client application revealed the effort required to target 
multiple mobile operating systems using platform-specific SDKs, thus emphasising the need for 
an alternative approach. Prototype client applications were developed during Iteration 1 of the 
life-cycle model (see Section 3.4.1).
The next portion of this goal attempted to identify the most suitable way of targeting Gra- 
hamstown’s heterogeneous mobile platform environment. A survey of all cross-platform mobile 
frameworks was first undertaken, summarising information such as supported platforms, imple
mentation language, as well as whether the framework leveraged web technologies or executed 
applications natively (see Section 2.7.2). Three frameworks were then short-listed (Codename 
One, J2ME Polish and NeoMAD) due to their supported platforms (Android, BlackBerry OS, 
iOS, Java ME and Windows Phone), implementation language (Java) and native application 
builds, as opposed to using web technologies (see Section 5.5). NeoMAD was excluded due to 
its high subscription fees. A demonstration application was then developed as a means to assess 
the remaining two frameworks. Results singled out Codename One as the most fitting solution.
A cross-platform client application was then developed, allowing access to the MobiSAM service, 
and supporting five different mobile platforms (see Section 5.6). The client application allows 
users to navigate different service delivery categories, answering polls of interest. Depending on 
the poll type, the results of answered polls are summarised in a numerical table, as well as visu
alised using a pie and bar chart. Additionally, if the client application is installed on a Android, 
iOS or Windows Phone device, interactive chart visualisations were provided, potentially leading 
to a better understanding of poll results (see Section 5.6.3). Development of the cross-platform 
client application was undertaken during Iteration 2 of the life-cycle model (see Section 3.4.2).
Following feedback from the usability evaluation (see Chapter 6), the cross-platform client applic
ation was updated, in an attempt to address the identified usability concerns and visualisation 
shortcomings (see Section 5.7). Modifications included: allowing the reporting of specific service 
delivery problems; the removal of ambiguous screen names, as well as the bar chart visualisation; 
and the redesign of the Visualisation screen, so as to offer improved affordance (see Section 
5.7.1). In addition, participants are able to update their current suburb from within the cli
ent application. Furthermore, summarised poll results are relevant to the suburb within which 
the user currently resides, as opposed to the entire of Grahamstown. These modifications were 
implemented during Iteration 3 of the life-cycle model (see Section 3.4.3).
An additional cross-platform client application was developed in response to suggestions from 
a project stakeholder. The stakeholder felt that the focus of the existing cross-platform client
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application needed to be realigned. Instead of enabling users to answer service delivery polls and 
subsequently presenting them with visualised poll results, the project stakeholder indicated that 
it was more important to streamline the process of reporting specific service delivery complaints 
relating to water, roads, electricity and sanitation. As a result, a second cross-platform client 
application (MobiSAM Report) was developed according to their requirements (see Section 5.8). 
MobiSAM Report differs from the initial cross-platform client application in several ways (see 
Section 5.8.1). Firstly, it does not provide users with the ability to answer service delivery polls. 
Consequently, all forms of visualisation are absent. Secondly, instead of implementing a menu- 
driven UI, MobiSAM Report provides the user with a 2x2 icon grid, with each icon representing 
a different basic municipal service (see Figure 5.13). Selecting an icon takes the user to the 
Reporting screen, where they are prompted to select the issue they wish to report, from a list of 
predefined reports (see Figure 5.14b). Users are also able to capture and attach images to service 
delivery reports, as well as provide their current position, obtained using their handset’s built-in 
GPS (when supported). These features were included in an attempt to further streamline the 
reporting process, as well as allow the municipality to gain greater insight into reported problems.
Finally, in an attempt to lower the barrier of entry to using the MobiSAM service, an SMS 
gateway was developed allowing residents to report service delivery complaints via traditional 
SMS (see Section A.6). The importance of providing SMS support was emphasised by results 
from the baseline study (see Chapter 4), which revealed SMS to be the most frequently used 
messaging service by Grahamstown residents. Furthermore, up to one-third of respondents did 
not have handsets capable of installing applications. Makana Municipality also stressed the need 
for SMS-based reporting.

Contributions The research undertaken for this goal contributes in several different ways. 
Firstly, it reveals that the development of platform-specific mobile applications is a viable al
ternative to the mobile-optimised MobiSAM website. However, a large number of resources are 
needed to target each platform natively. It then outlines a suitable method of targeting mul
tiple mobile operating systems from a single, common codebase. It also reveals that, of the 
multitude of cross-platform mobile frameworks available, CN1 is able to provide native support 
for the greatest number of platforms (Android, BlackBerry OS, iOS, Java ME and Windows 
Phone), while at the same time extending its reach to entry-level Java ME-enabled feature 
phones. Secondly, the investigation shows that, within this specific use case, an application 
developed using a cross-platform framework is able to perform equally well when compared to 
those developed natively. A variety of suitable visualisation techniques were sought, allowing 
chart visualisations to automatically adapt to different display sizes and resolutions, as well as 
provide interactivity. The development of a cross-platform application capable of executing on 
five different mobile operating systems, while adhering to the UI and UX guidelines of each, was 
then detailed. This provides information to researchers aiming to target several mobile platforms 
using a single codebase. In addition, the implementation of novel features such as capturing and
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attaching photographs, as well as geotagging were presented. Finally, the process of developing 
an SMS gateway for use within the context of a civic engagement project was described.

8.2.4 G oal 4: E valuate M obiSA M  client applications

The fourth and final goal began with a brief informal usability evaluation involving two ex
pert users. The evaluation highlighted several minor usability concerns within the high-fidelity 
prototype client applications (see Section 3.6). The expert users also reiterated the drawbacks 
associated with developing several client applications natively, suggesting that a suitable cross
platform mobile framework be sought instead (see Section 5.5.1).
A thorough usability evaluation using the cross-platform MobiSAM client application (see Chapter 
6) formed the next part of this goal. The evaluation, consisting of 30 participants, had two 
primary objectives. Firstly, it aimed to assess how intuitively participants were able to navig
ate within the client application (see Section 6.8.3). Secondly, the study aimed to determine 
how effective different visualisation types were at conveying meaning to participants (see Section
6.8.4). In addition, the role which chart interactivity played in helping participants to better 
understand these visualised results was investigated. A several miscellaneous usability concerns 
and functional shortcomings were also revealed. Results from the study were used to provide an 
updated set of requirements (and hence specifications) for the cross-platform client application 
(see Section 5.7.1).
The final portion of this goal saw a usability evaluation be performed, using the updated cross
platform MobiSAM client application and newly developed MobiSAM Report (see Chapter 7). A 
mixed-method comparative usability evaluation involving 10 participants was conducted, provid
ing both qualitative and quantitative feedback. The client applications were assessed side-by-side 
according to the usability goals learnability, memorability and satisfaction. Each participant per
formed four predefined tasks using both client applications, in alternating order (see Section 7.5). 
Feedback and results from the evaluation highlighted that the MobiSAM client application was 
preferred in terms of learnability and memorability (see Sections 7.8.1 and 7.8.2), while Mo
biSAM Report received higher satisfaction ratings (see Section 7.8.3). Several minor usability 
concerns were also highlighted within each of the client applications.

Contributions The completion of this research goal contributes by highlighting the imprac- 
ticalities involved in developing multiple, functionally identical mobile applications natively. The 
ease at which a menu-driven UI is navigated by users, as well as the potential pitfalls of imple
menting such UI styles across heterogeneous platforms (ambiguous menu names, ignored screen 
titles, save confirmations). In addition, the effectiveness of different chart types was shown, as 
well as whether chart interactivity helped aid the understanding of poll results. The compar
ative usability evaluation indicates that a menu-driven UI navigation style better supports the
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learnability and memorability of the client application. While the icon-driven, grid layout was 
found to be more visually appealing, leading to higher levels of participant satisfaction. Reasons 
for participant preferences are also specified, potentially assisting other researchers create more 
robust and usable cross-platform mobile applications. The study also highlighted that the up
dated MobiSAM client application is the most suitable version to roll-out to the public, during 
future pilot studies.

8.3 Future work

There are several extensions which could be made to the research presented in this thesis. An 
overview of several of these are presented next. It is important to note that while all suggestions 
relate to the MobiSAM client applications, some rely on additional routes being added to the 
MobiSAM REST API (see Appendix C).

8.3.1 C om bine client applications

Chapter 7 presented a comparative usability evaluation between the updated cross-platform Mo
biSAM client application and newly developed MobiSAM Report. While results and feedback 
from the evaluation indicated MobiSAM to be the preferred client application, half of the par
ticipants highlighted their preference for the icon-based, grid layout used by MobiSAM Report, 
resulting in higher levels of satisfaction. In an attempt to draw upon the strengths of both client 
applications, it is proposed that the favourable aspects of each could be combined into a single 
client application. Accordingly, the application could leverage an icon-based Home screen, while 
implementing a menu-driven step-by-step procedure for the reporting of service delivery prob
lems. This would potentially enable more efficient reporting of service delivery problems, while 
at the same time allow for the answering of polls.

8.3.2 P ilo t study w ith  M akana M unicipality

The MobiSAM service is currently (June 2015) being piloted with Makana Municipality. While 
residents are able to answer service delivery polls and report specific service delivery complaints 
via the MobiSAM website, the mobile client application and SMS gateway have yet to be rolled- 
out to the public. As such, the extent to which mobile phones are able to increase meaningful 
citizen participation with local government has yet to be evaluated. Conducting a thorough 
pilot study may also reveal additional usability concerns. These concerns are likely to become 
apparent due to the client applications being used by many residents in a real-world environment. 
A scenario which the usability evaluations were not able to directly emulate.
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8.3.3 T icketing system

Currently, there is no way in which a user is able to track the progress of their reported service 
delivery complaint from within the client applications. While the MobiSAM website provides a 
text enter area below each reported problem, where dialogue may take place, this functionality 
is absent from the client applications. Instead, after successfully submitting a service delivery 
complaint via the client application, the user is presented with a screen informing them that their 
report has been received and will be attended to timeouslv (see Figure 5.10d). In order to provide 
improved feedback to residents, it is proposed that a ticketing system be incorporated within the 
MobiSAM service. After reporting a service delivery complaint, the user could receive a report 
reference number, which they are then able to enter into the client application and/or website to 
obtain the current status of the complaint (received/in progress/resolved). In addition, a Report 
history screen could be implemented within the client applications, providing a list of all reports 
sent by the user, as well as their current status. This would help keep residents better informed, 
potentially leading to improved user satisfaction. Additional REST routes would be needed to 
enable this functionality.

8.3.4 M iscellaneous

Numerous smaller extensions which could be implemented within the client applications exist. 
A selection of these are presented next.

In app registration At present, residents are only able to register for the MobiSAM service 
via the website (see Section 5.2.1). Allowing a user to register within the client application 
would streamline this process, possibly improving the overall usability of the service. A new 
REST route is required to enable this functionality.

Time specific results Service delivery poll results are currently shown for the entire duration 
since the poll was first created. For example, if a user answers a poll on 25 February 2015, which 
was created on 5 February 2015, the returned results will provide a summary of the responses 
received over the duration of twenty days. While it is possible for a MobiSAM administrator to 
create new polls at regular, predefined intervals (i.e. once per week) and thus sidestep the issue, 
alternative methods are needed. One possibility would be to allow a user to view the results for 
a particular poll, based on a given time frame. After responding to a poll, the user could be 
presented with the Results screen, allowing them to select the time frame for which they would 
like to view the results: last 6 hours, last 24 hours, last week or the last month. This would allow 
residents to gain a better understanding of who else is experiencing a similar service delivery 
problem within their suburb. Additional REST routes are required to be able to implement this 
feature.
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News section Including a simple news screen or section into the client application may help 
keep residents better informed. The municipality could post relevant information relating to basic 
service outages (planned or unplanned), provide warnings to residents (i.e. do not drink the tap 
water), amongst other things. The news could be either suburb-specific or Grahamstown wide. 
As newer mobile operating systems (Android, iOS and Windows Phone) support notifications, 
alerting a user to changes or updates within an application, this technique could be used to inform 
residents about news updates. Modifications would need to be made to the client applications, 
web-interface and REST API in order to implement this feature.

H eat/choropleth maps In addition to providing the user with a numerical table and a pie 
chart visualisation summarising poll results, either heat or choropleth maps could be included 
within the client application. The maps could then overlay different colour shadings for each 
suburb, based on the poll responses from each area, providing residents with a bird’s-eye view of 
the current state of a particular municipal service. For example, a poll asking residents whether 
they currently have running water.

Get suburb from GPS Currently, the user is able to update their current suburb from within 
the client application’s Update profile/ Settings screen (see Figures 5.lie  and 5.15). Here, they 
select their suburb from a drop-down list of predefined suburbs. This process could be improved 
by obtaining the user’s position using their handset’s GPS, and then translating this position 
into the corresponding suburb. As not all residents are aware in which suburb they reside, this 
feature would help avoid unnecessary confusion, ideally leading to an improved user experience.

Chat function Highlighted by the baseline study, messaging applications such as WhatsApp, 
as well as traditional SMS are the most frequently used services by mobile subscribers within 
Grahamstown (see Chapter 4). As such, it is proposed that this familiarity with messaging 
services may be leveraged to create a direct, real-time line of communication between residents 
and a municipal representative. To achieve this, a simple chat function could be implemented 
within the client application, allowing text messages to be exchanged between a user and support 
staff at the municipality. The potential benefits of this feature are twofold. Firstly, sending a 
text-based message is less expensive than voice calling the municipality, lowering costs for the 
user. Secondly, instead of physically visiting the municipality to speak to a representative (a 
method previously used by 47% of all baseline study respondents), the user is able to avoid the 
associated travel expenses by instead conducting their conversation via text messaging.

Reservoir level indicator Grahamstown’s water is stored in several reservoirs, located at 
high-lying areas across the town. At times there are problems associated with pumping water 
from the source into these reservoirs, leading to demand outstripping supply. This results in



8.4. CONCLUDING THOUGHTS 168

unplanned water outages. By providing a reservoir level indicator within the client application, 
the user would be able to potentially pre-empt reservoir related water outages. In addition, the 
user will be able to adapt their usage pattern, thus helping stabilise the water supply. Imple
menting such a feature, however, would require special hardware to be installed at each of the 
Municipality’s reservoirs, which then would automatically relay relevant data to the MobiSAM 
backend server at regular intervals. Alternatively, a municipal employee could be assigned to 
visit each of the reservoirs once per day, logging this data manually.

8.4 Concluding thoughts

The research presented in this thesis has helped established that the pervasive nature of mobile 
phones positions installable applications as viable tools for potentially increasing citizen engage
ment with local governments. Provided that all potential barriers of entry are identified and 
thus exceeded, including platform support; language constraints; and associated usage costs. 
While mobile applications are not likely to replace the existing methods of citizen engagement, 
they have the potential to provide an additional channel through which residents can hold their 
municipality to account. However, a pilot study of the client applications will be required before 
assessing their ability to increase meaningful citizen participation, and thus positively affecting 
levels of service delivery.

8.5 Summary

This chapter revisited the research goals outlined within Chapter 1, discussing how satisfactorily 
each goal was met, as well as the subsequent contributions it made. Several areas where the 
research may be extended were also presented, followed by the researcher’s concluding thoughts.
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Appendix A

Technical implementation details

A .l M obiSAM  backend server

The backend consists of three separate components: a PHP framework (Appendix A.1.1), REST 
API (Appendix A.1.2) and database (Appendix A.1.3). Each of these components will now be 
described.

A .1.1 P H P  framework

Originally created by Rasmus Lerdorf, PHP is a server-side open source scripting language 
primarily designed for web development purposes. PHP has the advantage of being platform 
independent as well as supporting all major web servers and databases [119]. The MobiSAM 
backend leverages PHP5 through the use of the Yii framework which simplifies the implement
ation process by providing a substantial amount of base PHP code. Yii also supports a variety 
of caching mechanisms, thereby potentially reducing both client and server-side bandwidth con
sumption [214].

A. 1.2 M obiSA M  representational sta te  transfer (R E ST ) A P I

REST is an architectural style based on how the web works, making use of HTTP and URIs, 
with each unique URI representing a resource [62]. All interaction with MobiSAM takes place via 
its REST API, irrespective of whether SMS, client application or the MobiSAM website is used. 
Although still in beta release, the API allows clients to perform all the necessary operations, 
such as authorisation, authentication, fetching polls, fetching categories, responding to polls and 
the uploading of photos. Communication between the clients and REST API are conducted

185
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via HTTP requests which contain JSON-formatted strings embedded within each request body, 
providing information such as user responses or photo upload data. Similarly, all responses from 
the backend are JSON-encoded. The MobiSAM REST API specification is listed in Appendix 
A and includes examples of request and response messages.

A. 1.3 D atabase

The backend server’s database provides persistent storage capabilities to MobiSAM, storing all 
user profiles, polls, categories, responses and uploaded photos, along with additional information. 
The database was implemented using the MySQL relational database management system in 
conjunction with the MvISAM storage engine. Indirect access to the database is provided via 
the REST API which abstracts the implementation and storage details. This simplifies access 
to MobiSAM as well as ensuring that only privileged users are granted access to potentially 
sensitive data.

A. 2 Prototype M obiSAM  client applications

This section provides an overview of the design and implementation of the platform-native, 
high-fidelity prototype client applications. First, the Java ME and BlackBerry OS platforms 
are introduced (Appendix A.2.1). Next, the prototype client application requirements and spe
cifications are discussed (Appendix A.2.2). The design (Appendix A.2.3) and implementation 
(Appendix A.2.4) of the prototype client applications are then described.

A .2.1 M obile platform s

Java Platform, Micro Edition Java Platform, Micro Edition (Java ME) is a lightweight 
version of the Java Platform, Standard Edition (Java SE) which is suitable for the execution 
of applications (or midlets) on resource constrained devices with limited capabilities, such as 
mobile phones (35]. As Java ME is derived from Java SE it shares many similarities with its 
fully-fledged sibling, albeit restricted to the features of Java Runtime Environment (JRE) 1.3 
and below.
Devices supporting Java ME are required to implement a configuration and a profile. A config
uration provides “the lowest common denominator for a group of devices” and is comprised of a 
virtual machine and a set of class libraries which are “designed to provide the base functionality 
for a distinct set of devices with similar characteristics” (35, p.5]. There are two such configur
ations: Connected Device Configuration (CDC) and Connected Limited Device Configuration 
(CLDC). While the former is suited to automotive navigation and entertainment systems, the
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la tte r is often im plem ented by mobile phones. A profile, on the o ther hand, “adds an additional 
layer on top of the  configuration providing APIs for a specific class of device” allowing devices to 
be adapted  towards vertical m arkets [35, p.6]. The most common profile im plem ented by mobile 
handsets is the  Mobile Inform ation Device Profile (M IDP). There have been three m ajor revi
sions of MIDP, all developed under the  .Java Com m unity Process: M IDP 1.0 (.JSR 37), M IDP 2.0 
(.JSR 118) and M IDP 3.0 (.JSR 271). M IDP 2.1 (.JSR 118 MR2) also exists, however, instead of 
introducing new features its focus is instead on reducing fragm entation among .Java ME devices, 
thereby improving th ird  party  application com patibility [167].

Select Exit

Figure A .l: P ro to type .Java ME client application: H om e, screen

The .Java ME platform  allows developers to create installable applications which, in theory, arc 
able to run on any device which supports the targeted  M IDP of the  CLDC. Although Sun Mi
crosystems provides a reference im plem entation for the .Java ME specification, mobile phone 
m anufacturers arc required to provide binary im plem entations of the  runtim e environm ent, of
ten  leading to  incom patibilities across different mobile devices. The .Java ME MobiSAM client 
application, for example, refused to install on a Samsung E2100 feature phone, even though 
the handset offered .Java ME support (CLDC 1.1/M ID P 2.1). The baseline study, presented in 
C hapter 4 , highlighted the  prevalence of .Java ME com patible handsets w ithin the G raham stown 
area, w ith 28.42% of the  handsets surveyed im plem enting cither M IDP 2.0 or im plementing 
M IDP 2.1.

BlackBerry OS Making its debut in .January 1999, BlackBerry OS is a closed source mobile 
operating system  developed by Research In M otion (RIM) for their BlackBerry range of sm art
phones. Leveraging a .Java v irtual machine based kernel, the  platform  allows developers to create 
installable applications using the  .Java program m ing language. Full m ultitasking is supported by 
the  platform , enabling m ultiple applications to run sim ultaneously [51].

The BlackBerry -Java SDK comes bundled with .Java ME APIs as well as a collection of Blaek- 
Bcrry specific APIs. Although th is allows .Java ME applications to  run, unmodified, on the
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BlackBerry platform , RIM cautions th a t “they are not optim ised for BlackBerry screens or func
tionality, and fare thus] not suitable for creating quality apps” [20, p .l]. Consequently, UI in
consistencies may arise due to the  specialised input techniques used by m any BlackBerry devices 
such as trackpads and trackballs [16]. Applications need to  be digitally signed before gaining 
access to certain device functionalities. As of 2012, the  digital signing process is free, requiring 
developers to register and request a code-signing key via the  BlackBerry Developer website [19]. 
As with .Java ME, the  BlackBerry platform  defines both  a supported configuration and a profile, 
w ith the  latest version of the  platform  (7.1) supporting CLDC 1.1 and profile M IDP 2.1 [16, 17].

Welcome, guest!

Take a poll
Update profile 
Log out

Figure A .2: P ro to type BlackBerry OS client application: H om e, screen

It should be noted th a t although BlackBerry OS has since been superseded by the  QNX-based 
BlackBerry 10 operating system, it was decided to support the original platform  due to  its ongoing 
prevalence w ithin South Africa [15]. The baseline study, presented in C hapter 4, revealed th a t 
11.58% of respondents’ handsets leverage BlackBerry OS.

A .2.2 R equirem ents and specifications

As the requirem ents for the .Java ME and BlackBerry client applications are identical, they are 
collectively discussed here. Specifications are also jointly  discussed, where applicable.

As described in Section 3.4, the  interaction design life-cycle model was followed when conducting 
th is research. During the  first iteration  of the development life-cycle, the initial requirem ents 
for the  client application were elicited from the MobiSAM project director and stakeholder. 
Although mobile access to  the  MobiSAM service was already provided via a mobile-optimised 
website, it was argued th a t a more engaging user experience could be achieved through the use of 
individual, platform-specific client applications. As such, the  following broad set of requirem ents 
for the  MobiSAM client application were defined:

•  the  application needs to target .Java ME and BlackBerry OS platforms;
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• multi-language (English, Afrikaans and isiXhosa) UIs must be provided; and
• improved poll result visualisation capabilities (when compared to the mobile-optimised 

website) need be included.

The resulting client application specifications defined which platforms were to be initially tar
geted (Java ME and BlackBerry OS), which languages were to be supported (English, isiXhosa 
and Afrikaans), as well as which visualisation techniques and tools would be employed (bar charts 
using the ChartComponent plotting library as well as the Google Image Chart API). This in
formation provided a starting point for the design of each client application, the details of which 
are described next.

A .2.3 D esign

Both Java ME and BlackBerry platforms provide specific UI and UX guidelines which developers 
are urged to follow when creating applications. Consequently, while the prototype client applic
ations share identical functionality, their resulting designs differ slightly. The design of each is 
described next.

User interface and navigation The Java ME client application was designed first and fol
lowed a simple menu-driven UI style. A strong contrast between UI elements was created, helping 
ensure menu options remain legible in harsh lighting conditions. Figure A.l depicts the Home 
screen of the Java ME prototype client application running on the Nokia Series 40 5th Edition 
simulator. A similar menu-driven Home screen was designed for the BlackBerry prototype client 
application, albeit with minor differences, as shown in Figure A.2.

Visualisation A primary argument for the development of installable MobiSAM client ap
plications was the ability to offer improved visualisation capabilities over the mobile-optimised 
website, potentially helping users make better sense of the poll responses.
Most (93.7%) of Makana Municipality citizens aged 20 years and older have attended some form 
of schooling (200]. It was believed that a broad cross-section of the population have been exposed 
to basic charts through mathematics classes in both primary school as well as the first two years 
of high school. As such, it was decided to use a simple bar chart to visualise poll responses. In 
addition, poll responses were presented in a numerical table.
When visualised using a bar chart, each poll category appears as a rectangle, with its length 
proportional to the value it represents. Ward et al. define several fundamental visual variables 
which, when used appropriately, allow for effective and insightful visualisations (212]. A number
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of these were given special attention when designing the bar chart visualisation, including posi
tion, mark, size, brightness and colour. The potential caveats of mobile visualisation, highlighted 
by Chittaro [29], were also kept in mind (see Section 2.8.1).
Although both prototype client applications employed similar bar charts, their implementation 
details remained markedly different, as described in the Sections A.2.4 and A.2.4.

A .2.4 Im plem entation

While the design of the Java ME and BlackBerry prototype client applications shared many 
similarities, the implementation tools and techniques were notably different. As a result, the 
implementation details of each prototype client application are described separately. Although 
both platforms leverage Java ME as their runtime environment (with BlackBerry OS implement
ing additional, platform specific libraries), the client applications shared minimal program code. 
In addition, as the UIs of each client application were constructed using two different techniques, 
no common UI code existed. The implementation of each client application will be described 
next.

Java ME

Development environment The NetBeans IDE was installed on the development worksta
tion, along with the Java ME 3.2 SDK and Nokia Series 40 5th Edition SDK. A conscious decision 
was made to install two SDKs as it allowed for the compilation and testing of the Java ME proto
type client application using both the Java ME SDK and simulator, as well as the Nokia-centric 
Series 40 SDK and its corresponding simulator. Although similar, the Java ME SDK is wholly 
based on the Java ME specification, whereas the Series 40 SDK includes a selection of Nokia- 
specific libraries. The Java ME prototype client application targeted CLDC 1.1 and MIDP 2.0. 
As the physical handset used for debugging purposes (a Nokia 2630) ran the Nokia Series 40 5th 
Edition platform, the corresponding SDK was installed.

User interface In Java ME, the most basic UI elements are referred to as components. Both 
high- and low-level UI components are supported by MIDP implementations. The former are 
rendered by the mobile platform, adapting to the device’s native ‘look and feel’, while the latter 
delegates the rendering to the developer, subsequently allowing for greater control over the UI. 
The use of low-level UI components is particularly appropriate where pixel-level control is needed, 
such as interactive games [91]. Since the prototype client application was designed to follow a 
simple menu-driven UI style, this level of control was unnecessary, potentially complicating the 
development process. As such, high-level UI components were used exclusively when constructing 
client application screens.
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Help Log in Exit

Figure A.3: Nokia Series 40 5th Edition soft keys

A variety of high-level UI com ponents are m ade available to  .Java ME developers (such as A le r t ,  
C ho iceG roup ,D ateF ie ld , Form, G auge,Im ageltem , L is t ,  S tr in g lte m , TextBox and T e x tF ie ld ) , 
all of which arc subclasses of the  S creen  and Item  class [91]. Any com bination of these compon
ents may be used to construct application UIs. Touch and key events arc handled by Commands 
which arc attached to  particular UI components. As m any feature phones make use of a hardw are 
keypad for input, on-scrccn bu ttons known as soft keys arc often used for navigation purposes 
(as shown in Figure A.3). These bu ttons arc im plem ented through the use of Commands which 
arc autom atically m apped onto them  by the platform .

Two prim ary techniques exist for the construction of .Java ME application UIs:

•  program m atically, using .Java code; or

•  using the  Visual Mobile Designer (VMD) tool included in the NetBeans M obility IDE 
package.

The second approach was used to  implement the  proto type client application UIs due to the  speed 
and simplicity it offered. F irst, the client application UIs were constructed using the  VMD ‘drag 
&  d rop ’ editor. Commands were then added, allowing for navigation between different UIs. Figure 
A.4 shows the ‘flow’ view of the  -Java ME client application w ithin the VMD. Each rectangle 
represents a different A le r t ,  Form or S creen  com ponent, w ith lines between each representing a 
unique Command. UIs arc modified by switching to  the  ‘screen’ view which allows the developer 
to  add/rem ove as well as modify the  position of individual UI components.
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Figure A.4: NetBeans Visual Mobile Designer

C o n n e c tiv ity  All interactions between the .Java ME client application and backend server arc 
performed using the MobiSAM REST API (sec Section A.1.2). The .Java ME CLDC Generic 
Connection Framework (GCF) provides a simplified, lightweight API for performing network 
related operations. Both the Connector class and HttpConnection interface form part of the 
GCF and when used together, allow the developer to initiate HTTP connections between client 
and server. This approach was exclusively used by the -Java ME client application. As the -Java 
ME platform docs not provide support for the .JSON data-intcrchangc format (sec Section 2.5.5), 
the external library .JSON ME was used which provides a subset of the full .JSON .Java API.

V isu a lisa tio n  Due to the limited display size and resolution of many feature phones, particular 
attention was given to ensuring that visualised poll responses remained legible on these devices. 
As such, the ChartComponcnt 1 library was leveraged for visualisation purposes. The library, 
designed for use on low-end feature phones, offers support for MIDP 2.0 devices and above, and 
is capable of drawing line, bar and pic charts. A simple bar chart was chosen to depict poll

1J2M E Chart.Component lit.t.p://www.beauizer.org/site/index.plip/en/Soft.ware/J2iiie-CliartCom ponent-ver- 
1.5. lit. ml

http://www.beauizer.org/site/index.plip/en/Soft.ware/J2iiie-CliartComponent-ver-1.5
http://www.beauizer.org/site/index.plip/en/Soft.ware/J2iiie-CliartComponent-ver-1.5
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responses within the Java ME client application. Chart interactivity was not offered due to 
library limitations.

Localisation Localisation is the process of translating an application’s UI components to sup
port different languages. The Java ME platform does not provide any specific techniques in 
which to achieve this, instead allowing the developer to choose a fitting implementation. To this 
end, the Nokia Developer website served as a valuable reference, providing many ‘best practise’ 
examples in its user-contributed wiki2. The technique implemented in the Java ME client ap
plication makes use of application attributes, represented by key-value pairs stored within its 
application descriptor (.jad) file. Each attribute represents a UI component’s localised String 
and is added to the application descriptor file by supplying both an attribute name (for example, 
‘login-en’) and a corresponding value (for example, ‘Log in’). ISO-639-1 language codes were 
used to suffix attribute names, hence indicating which language they represent (120]
A UI component’s localised String is retrieved by calling the method getAppProperty(String 
string) which returns the corresponding String stored within the application descriptor. For 
example, calling getAppProperty (“login-en”) returns the String ‘Log in’ while calling getApp 
Property(“login -af”) returns the Afrikaans equivalent: ‘Teken in’. The benefit of this ap
proach is that additional languages may be easily added via the NetBeans project properties, 
avoiding any additional code. Furthermore, separate application descriptor files may be created 
with each file representing a different locale. By offering only the required application descriptor 
file during download, data consumption may potentially be reduced.

Data persistence As the Java ME client application was required to preserve its settings 
from one invocation to the next, data persistence was implemented. Java ME provides a Record 
Management System (RMS) API which is used to achieve this functionality. The RecordStore 
class, found in the javax.microedition.rms package, allows developers to create a record store 
in which a collection of records can exist. While the RecordStore class may be instantiated to 
represent a single record store, it also provides several useful static methods.
Each record has its own unique identifier which is used for retrieval, deletion and updating 
purposes [211]. Three separate record stores are used by the Java ME client application. The 
first instance, applicationKeyRecordStore, stores the unique application key. The second, 
accessCodeRecordStore, stores the access code returned by the MobiSAM backend server, while 
currentLanguageRecordStore stores a user’s preferred language (represented by the String en, 
xh or af). The applicationKeyRecordStore and accessCodeRecordStore together allow a user 
to remain logged in between client application invocations. All record stores are deleted when a 
user logs out of the client application.

2Localization on Java ME http:/ /developer.nokia.eom/community/wiki/Category:Localization_on_Java_ME

http://developer.nokia.eom/community/wiki/Category:Localization_on_Java_ME
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BlackBerry OS

Development environment The Eclipse IDE, BlackBerry Java plug-in for Eclipse and Black
Berry SDK, packaged as a single installer, was downloaded from the BlackBerry Developer web
site and installed on the development workstation. The BlackBerry OS 5.0 SDK was chosen 
in an attempt to support older BlackBerry devices, while at the same time supporting newer 
models via application backward compatibility. The necessary library components, Java runtime 
binary implementation and device simulator came bundled with the SDK. Application debugging 
and testing was conducted on the device simulator as well as a BlackBerry 9800 Torch handset, 
running version 6.0 of the BlackBerry OS.

User interface While the NetBeans IDE provides a ‘drag and drop’ UI editor, Eclipse in
stead requires developers to construct BlackBerry application UIs programmatically, using Java 
code. While this technique allows for a great deal of flexibility, it has the potential to be both 
cumbersome and time consuming, especially as an application grows in complexity. Two APIs 
exist for constructing BlackBerry application UIs: the MIDP UI API and the BlackBerry UI 
API. The former is used for developing applications which run on various MIDP-compatible 
devices (including BlackBerry smartphones), while the latter is used when developing applica
tions exclusively for the BlackBerry platform. As the prototype client application targeted the 
BlackBerry OS, the BlackBerry UI API was used.
Fundamental to the UI implementation process, the net .rim .device. api .ui package contains 
three classes used by all UI applications: Field, Manager and Screen. The Screen class repres
ents the main UI entity in a BlackBerry application, with only one Screen being displayed at 
a time. Screens are ‘pushed’ onto the display stack when shown and ‘popped’ off when closed, 
a technique which was used for navigation within the BlackBerry prototype client application. 
Similar to the Java ME platform, the BlackBerry UI API provides several basic UI building blocks 
known as components. These include ButtonField, DateField, LabelField and TextField. In 
addition, the net .rim .device. api .ui . container package contains several classes used to ar
range the layout of UI components. A combination of these UI components and layout managers 
were leveraged when implementing the client application.

Connectivity As BlackBerry OS supports MIDP 2.0, connectivity implementation was identical 
to that of the Java ME prototype client application, described in Section A.2.4. Although Black
Berry OS 6.0 and above provide native JSON support, the JSON ME library was used to allow 
support on version 5.0 of the platform. JSONObject and JSONArray instances were used to store 
backend server responses, while their built-in methods allowed easy access to the JSON-formatted 
data.
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Visualisation The Google Image Chart API, discussed in Section 2.8.3, was used to visualise 
poll responses within the BlackBerry client application. Although the API supports a variety 
of chart types, the client application only leverages a basic bar chart. Special attention was 
paid to creating a strong contrast between bar chart elements. In addition, a legend is provided 
allowing the user to easily identify different categories. As with the Java ME client application, 
interactivity features were absent due to lack of library support.

Localisation The BlackBerry Java plug-in for Eclipse provides built-in localisation function
ality, relieving developers from having to provide an implementation. Strings may be localised 
through the creation of individual resource files (one for each language), hence avoiding the 
need to modify application code. Information and resources for a specific locale are stored in 
a ResourceBundle object. A collection of ResourceBundle objects are then contained in a 
ResourceBundleFamily object which an application then uses to display appropriately localised 
UI components. When a BlackBerry application is compiled, a separate .cod file is produced 
for each ResourceBundle object. These . cod files may then be installed on a BlackBerry device 
alongside the other necessary application files, depending on the language required (18]. During 
localisation of the BlackBerry client application, three resource files were created with each rep
resenting English, isiXhosa and Afrikaans. When specifying language resources, each resource 
content file name must match that of the resource header file, trailed by an underscore and the 
appropriate language code. For example, isiXhosa corresponds to the language code xh while 
Afrikaans is represented by af. The entire set of language codes are specified in ISO-639-1 (120].

Data persistence The BlackBerry platform provides two techniques in which developers may 
implement data persistence. The first approach is to use the regular RMS API provided as part 
of the Java ME MIDP 1.0 specification and described in Section A.2.4. Alternatively, developers 
may leverage BlackBerry Persistent Store. This approach was taken when implementing the 
BlackBerry client application and has the advantage of being able to store any object type, 
including complex data structures (51]. Unlike the RMS, serialisation routines are also provided. 
The PersistentObject class represents an object being stored in PersistentStore. The number 
of PersistentObject instances which may be stored is limited by the device’s memory, though 
the BlackBerry client application makes use of only one. All BlackBerry client application 
preferences are stored in a Hashtable which itself is encapsulated within a PersistentObject 
instance and written to the PersistentStore. The client application needed to be digitally 
signed before gaining access to BlackBerry Persistent Store functionality on actual devices.
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A .3 Cross-platform M obiSAM  client application technical imple

m entation

This section provides an overview of the technical implementation details relating to the cross
platform MobiSAM client application. The development environment (Appendix A.3.1). UI 
and navigation (Appendix A.3.2), as well as visualisation (Appendix A.3.3) are first described. 
Followed by additional miscellaneous features (Appendix A.3.4). Finally, modifications made to 
the client application in preparation for the usability evaluation are discussed (Appendix A.3.5). 
It is important to note that the implementation of the client application follows a controller 
pattern, as dictated by the CN1 framework [5]. As such, most functionality is contained within 
a single monolithic StateMachine class.

A .3.1 D evelopm ent environm ent

The NetBeans IDE was chosen for development due to its seamless integration with the CN1 
framework. As CN1 leverages Java as its implementation language, the JDK 1.7 was installed 
on the development workstation. No platform specific SDKs or libraries needed installing as 
all application builds take place on the CN1 build servers (see Section 2.7.2). The bundled 
device simulator, capable of accurately emulating all supported platforms, proved indispensable 
for debugging and testing purposes and was used extensively during development.

A .3.2 U ser interface and navigation

CN1 allows developers to create application UIs in much the same way as Java ME: either 
programmatically using Java code or via the CN1 designer tool. While programmatically con
structed UIs allow for greater control, they are ill-suited for large applications due to potential 
organisation and maintenance issues. The CN1 designer was exclusively used when constructing 
client application UIs.

UI components Similar to Java ME and BlackBerry OS, components represent the funda
mental UI elements within the CN1 framework. The most basic UI component is a Container 
which serves as a base class for many other components. The CN1 designer includes a variety of 
core components (such as Buttons, Labels, TextFields, RadioButtons and CheckBoxes) as well 
as more elaborate components (such as Pickers and WebViews). In addition, CN1 provides two 
components into which other components are placed: Form and Dialog. Only a single Form may 
be shown at any given time, while the UI components contained in it are arranged according 
to its layout manager. Every screen within the client application is represented by a Form. A
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Dialog, on the other hand, is a special type of Form which occupies only a portion of the screen. 
These are also used throughout the client application, when displaying alerts and prompts.

Layout managers As previously hinted at, layout managers are used to position UI compon
ents with a particular Container, allowing for the construction of UIs which automatically adapt 
themselves to different display resolutions and orientations. CN1 provides six different layout 
manager types, a combination of which were used when constructing the client application UIs.

Actions and events Actions are performed in CN1 using events, of which five different types 
exist: action event, on create, before show, post show and exit form. Action events, for example, 
are bound to particular UI components such a Buttons, allowing their associated action methods 
to be invoked when pressed. The remaining event types are bound to particular Forms. The 
before show event, for example, being triggered before its associated Form is shown while the exit 
form event is triggered when a user navigates away from a particular Form. A combination of 
different event types were used extensively when implementing the client application. Pressing 
the ‘Log in’ button on the LoginForm, for example, triggers an action event which causes a 
network connection to be initiated. The client application then contacts the MobiSAM backend 
server and attempts to authorise the user. Should the user’s credentials prove valid, the Home 
screen Form is displayed, if invalid, a Dialog is shown alerting the user.

Navigation Navigation between different screens is achieved through the showForm(String 
resourceName, Command sourceCommand) method which ‘pops’ the requested Form onto the 
display stack. Alternatively, the CN1 designer may be used to implement navigation between 
different Forms by specifying different action Commands. Navigating to a new Form causes the 
previous Form to be released from device memory, thereby saving device resources.

A .3.3 V isualisation

This section provides a overview of the techniques used when implementing the cross-platform 
MobiSAM client application’s visualisation capaiblities.

Plotting library selection

Before a plotting library was chosen, those supported by CN1 were first identified. A thorough 
review of the CN1 website and discussion board was conducted, in which three prominent libraries 
were highlighted: Google Charts (see Section 2.8.3), AChartEngine (see Section 2.8.3) and Flot 
(see Section 2.8.3). As the Google Image Charts API is the only library to offer static image
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charts, it was chosen for use by the client application when installed on the Java ME or BlackBerry 
OS platforms. AChartEngine and Flot were evaluated for use of the remaining platforms. Several 
criteria were defined to help select the most suitable plotting library:

1. offer support for Android, iOS and Windows Phone platforms;
2. provide native rendering as opposed to JavaScript-based Webview components; and
3. allow for interactivity within charts.

While Flot satisfied the first and third criteria, AChartEngine met all three and was subsequently 
selected for use. The cross-platform client application determines which plotting library to use 
by calling the static method Display.getlnstance() .getPlatformNameO, before navigating 
to the Results screen. If Android, iOS or Windows Phone, the AChartEngine library is used. 
Alternatively, the Google Image Charts API is used instead.

Google Image Charts API

The Google Image Charts API along with its basic usage is detailed in Section 2.8.3. Within 
the context of the client application, a pair of ConnectionRequest objects in conjunction with 
the NetworkManager class are used to send two HTTP GET requests to the Image Charts API. 
One requesting a pie chart and the other requesting a bar chart. The poll responses to be 
visualised along with their associated text labels are encoded within each request’s URI. The 
Image Charts API returns each newly rendered chart as a PNG image file, which is stored by 
the client application as an Encodedlmage object and displayed on the Visualisation screen Form 
(see Figure 5.7). The getDisplayWidthO method belonging to the Display object is used to 
match the requested image file width to that of the host device’s display resolution.

AChartEngine

The AChartEngine library, introduced in Section 2.8.3, is used by the client application when 
installed on Android, iOS and Windows Phone platforms, enabling interactivity within chart 
visualisations.
Chart visualisations are rendered by following several distinct steps. Firstly, a CategorySeries 
data set is created from the returned poll results, using the com. codenamel. charts .models 
package. This includes the value of each chart series, as well as its associated label description. 
A render object is then instantiated, from the Def aultRenderer class, enabling chart paramet
ers such as font size and series colours to be defined. In the case of rendering a pie chart, a
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PieChart object (also known as a chart view) is then instantiated, passing it the newly cre
ated CategorySeries and DefaultRenderer objects. Finally, before adding the chart to the 
screen, it is wrapped in a Chart Component object. This is then added to the Form using the 
addComponent () method, before being displayed.
Interactivity is enabled in the charts by adding a listener to each of the chart series. In the case of 
the pie chart, a tapped segment becomes highlighted, the device display then pans and zooms into 
the segment (see Figure 5.8b). This is achieved by setting its corresponding series Tenderer’s high
light member variable to true. Next, a Rectangle object in instantiated, which is used to rep
resent the display viewport. The AChartEngine library method zoomToShapelnChartCoordsO 
is then called, passing it the viewport Rectangle, as well as the duration of the transition. After 
trying various transition times, 500 milliseconds seemed most suitable.
Finally, after having highlighted, as well as panned and zoomed into the series of interest, a 
Dialog it displayed. This contains the name, size and percentage value of the selected series 
(see Figure 5.8c). Selecting the ‘OK’ button causes the Dialog to disappear, after which the 
device display returns to its previous state, providing once again an overview of the entire chart 
visualisation (see Figure 5.8a).

A .3.4 M iscellaneous

The implementation details of the primary portions of the cross-platform MobiSAM client ap
plication (connectivity, localisation and data persistence) are described next.

Connectivity

CN1 provides a NetworkManager class which alleviates the need for developers to manage separate 
network threads. The class is used in conjunction with a ConnectionRequest object, which 
facilitates web service requests and provides JSON parsing capabilities. Only HTTP/HTTPS 
connections are currently supported by CN1 due to restrictions placed on some mobile platform 
backends (5].

HTTP connections A ConnectionRequest object is used to create an HTTP connection 
by supplying it with the necessary URI, HTTP method type (i.e. GET, POST, PUT, DELETE), 
header content, along with additional information. The newly created object is then passed as a 
parameter to the NetworkManager’s addToQueue(ConnectionRequest request) method which 
queues and executes the connection asynchronously. The object’s response listener is triggered 
once the network operation has completed, thereby notifying the client application and delivering 
with it the JSON-encoded response from the MobiSAM backend server.
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Authenticating All network operations within the client application leverage the NetworkManager 
and ConnectionRequest class. When logging in using the client application, a ConnectionRequest 
object is created and initialised, providing it as parameters the request URI (http://mobisam. 
net/api/associate), HTTP method type (POST), content type (application/json) and con
nection timeout value (30 seconds). A JSON-encoded String is also embedded within the body 
of the ConnectionRequest and contains the client application key (a random 50 character hexa
decimal String), username of the user accessing the service, as well as the SHA256 hash of the 
user’s password keyed with the username. This data is used to associate the client application 
with a specific user account, allowing for future requests to the REST API. If the authentication 
process is successful, an accesscode is returned, embedded within the body of the response. 
This accesscode is stored (see Section A.3.4) and used for subsequent requests to the REST 
API.

Fetching available categories ConnectionRequest objects are used in a similar manner 
when querying other REST API routes, such as GET api/categories. This route returns all 
available categories which are then displayed on the client application’s Category screen, as shown 
in Figure 5.5c.
In this example, a ConnectionRequest instance is created and provided with the request URI 
(http://m obisam .net/api/categories), HTTP method (GET), content type (application/json), 
connection timeout duration (30 seconds), as well as having the HTTP request header (where 
kev=X_M0BISAM_AUTH, value=accesscode). If successful, the REST API returns all of the avail
able categories which the requesting user has access to, along with a description of each. This 
data is contained within the body of the HTTP response as a JSON-encoded String. In ad
dition, the REST API allows the user to request all of the available polls within a particular 
category.

Responding to a poll A similar process is followed when responding to a poll, albeit with a few 
noteworthy differences. A custom poll is used in this example (see Section 5.2). As with all net
work operations performed using CN1, a ConnectionRequest object is first created. The object’s 
member variables are then initialised to the request URI (http://m obisam .net/api/result/2 /l), 
HTTP method (POST), content type (application/json), connection timeout duration (30 
seconds), as well as having its HTTP request header set (where kev=X_M0BISAM_AUTH, value= 
accesscode). In this example, the request URI indicates that a poll with the identification num
ber 2 is being responded to with choice 1. In addition, the request body contains a 64-character 
checksum value which is obtained by finding the SHA256 hash of the request URI keyed with the 
client application key. Upon successful submission, the REST API returns the Grahamstown- 
wide responses for the given poll, within the body of the response. These responses are then 
visualised, the process of which is described next.

http://mobisam
http://mobisam.net/api/categories
http://mobisam.net/api/result/2/l
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Localisation

Support for isiXhosa, English and Afrikaans is provided by the cross-platform client application, 
the technical implementation details of which are provided next.

User interfaces The CN1 designer was used to localise client application UIs. First, a new 
resource bundle was created which acts as a large key-value pair dictionary, mapping a String 
from one language to another. Next, two additional locales were added to the resource bundle: 
isiXhosa (xh) and Afrikaans (af). ISO-639-1 language codes are used to specify different locales 
[120]. The CN1 designer was then used to automatically extract the text to be localised from 
each UI component. Appropriate isiXhosa and Afrikaans translations were obtained for each 
component and then manually entered into the corresponding field, with each bar representing 
a different locale, as shown in Figure A.5.
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Figure A.5: Localisation of client application UIs using the CN1 designer tool

When the client application is first launched, the English locale is loaded from the resource bundle 
into device memory by calling UIManager. getlnstance (). setBundle (res.getLION("Localization" , 
"en")). Should the user change their preferred language during runtime, a new locale is 
loaded into memory, replacing the previous locale. Data persistence ensures that the user’s 
preferred language is retained from one invocation to the next. Although most UI compon
ent text is automatically localised, some components require manual localisation by calling 
UIManager.getlnstance().localize(String key, String defaultValue). This method re
turns the localised String from the resource bundle should it exist, otherwise defaultValue is 
returned.
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M o b iS A M  b ackend  server The user’s preferred language not only ensures that all client 
application UI text appears in their chosen language, but also indicates to the MobiSAM backend 
server which version of the service delivery poll question to send to the user. As shown in 
Figure A.6, when creating a new service delivery poll via the MobiSAM website, the MobiSAM 
administrator specifics the poll question text (for example, ‘How is your water pressure today?’) 
separately for each supported language. The backend server then sends the correct version based 
on the user’s preferred language. This approach allows for the easy addition of languages when 
required.

Figure A.6: MobiSAM web-interface: specifying different versions of the same question

D a ta  p ersis ten ce

Data persistence is provided by the com.codenamel. io.Preferences class which enables the 
storage, retrieval and deletion of simple variables such as Boolean and String values. When 
storing a preference value, a key is specified along with its corresponding value, for example, 
Preferences, set (“username” , “guest”). This value may then be retrieved by using its key:
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String s = Preferences, get (“username”). If the provided key does not exist, null is re
turned. Stored session information includes the client application’s 50 character application key 
as well as the assigned accesscode. When the user logs out of the client application, the pref
erence named keepMeLoggedlnCheckBox is set to false, ensuring that the Login screen will be 
shown next time the application is launched.

A .3.5 U sability  evaluation m odifications

Several modifications were made to the cross-platform client application in order to keep track 
of different task performance measures employed during the usability evaluation (sec Chapter 
6). Recorded measures were:

• the number of login attempts;
• task duration; and
• number of button presses made while performing a task.

In addition, all tasks were simulated in an attempt to eliminate confounding factors such as 
variable network latency and transfer rate when communicating with the MobiSAM backend 
server.
The logging of each task is started manually by pressing the ‘//’ key on the feature phone or 
the hardware menu button on the smartphone, which brings up the Task logger screen. Here, 
the current task number being performed is selected from a ComboBox, and ‘Start’ is pressed. A 
countdown timer Dialog is then shown (sec Figure A.7) which alerts the participant that the 
evaluation is about to start, disappearing after three seconds. Logging continues until the parti
cipant has performed the task as expected. For example, submitting a response to a particular 
poll or changing their preferred language. Gathered task performance measures were used when 
analysing the results of the usability evaluation (sec Section 6.8).

Figure A.7: Cross-platform client application: Countdown dialog



Login attempts The number of log in attempts made by the participant when performing a 
task was logged. This was implemented using a simple int variable which is incremented each 
time the participant fails to log in to the client application.
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Task duration The time taken for the participant to perform a particular task as expected 
was also logged. This was achieved by logging the task start and end times. The start time was 
then subtracted from the end time, along with the cumulative duration the loading Dialog was 
displayed. This resulted in the total duration taken to perform a given task as expected.

Button press count Once again, an int variable was used to keep track of the number of 
button presses made by the participant while performing a task. Only button presses which 
resulted in navigation between different Forms were logged. For example, pressing the ‘Update 
profile’ menu option does count as a button press whereas changing the preferred language from 
the ComboBox within the screen does not.

A .4 U pdated cross-platform M obiSAM  client application tech
nical im plem entation

This section details the technical implementation modifications made to the cross-platform client 
application. Changes to the UI and navigation are first described, followed by those made to the 
client application’s connectivity and visualisation.

A .4.1 U ser interface and navigation

Login screen Design changes were first implemented on the Login screen. First, the T itle  
font theme constant was set to bold, ensuring that the title text appears bold throughout the 
client application. The TextField theme constant was then changed so as to bold the currently 
selected item. Finally, the ‘Keep me logged in’ CheckBox tick was also moved to the right hand 
side of the text.

H om e  screen Each menu option on the H o m e  screen is represented by a Container housing 
two TextAreas (used to represent Linel and Line2) and a Button (used to listen for presses via 
its ActionListener). When combined, these form a MultiButton component. In addition, an 
icon is included alongside each menu option, and is implemented by setting each Button’s icon 
property. Accordingly, an additional menu option was added to the top of the H o m e  screen: 
‘Report a problem’. Furthermore, the ‘Exit’ menu option was removed and instead implemented



as a Command, appearing as a soft key on Java ME, or after pressing the hardware menu button 
on the remaining platforms.
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Report category screen As with the Home screen, each Report category screen menu option 
is implemented using a Container, TextArea and a Button component, forming a MultiButton. 
Similarly, icons have been included within each menu option (by setting each Button’s icon 
property), helping clarify the purpose of each. Unlike the Home screen menu, only a single 
String of text is included within each MultiButton. As such, five MultiButton menu options 
were implemented (‘Water’, ‘Electricity’, ‘Roads’, ‘Sanitation’ and ‘Other’). The screen’s T itle  
component text was set to ‘What type of problem is it?’.

Available reports screen After selecting the desired report category (for example, ‘Wa
ter’), all available reports corresponding to the chosen report category are retrieved from the 
backend server and displayed. As with previous screens, each available report is represented by a 
Container housing a TextArea and Button, which together form a MultiButton. An arrow icon 
is included alongside each available report, implemented by setting the Button’s icon property.

Reporting  screen The chosen report’s text is shown in the T itle  of the Reporting screen (for 
example, ‘I want to report a water outage’). Next, a SpanLabel is used to present the instruction 
text: ‘At the following address:’. A TextField is positioned below this, allowing the user to enter 
an address. A Label appears to the left of the TextField, which has its icon property set to 
a stylistic depiction of the World (representing position/address). Depending on the platform, 
either a Command or Button is provided to ‘Send report’.

Category screen After selecting ‘Take a poll’, the user is presented with a list of the available 
categories which are retrieved from the backend server and displayed. As with other screens, each 
available category is implemented using a single TextArea and Button, to form a MultiButton. 
Each Button’s icon has been set to an arrow image.

Available polls screen Once a category of interest has been chosen, the user is presented with 
a list of available polls within the category, fetched from the backend server. Again, each poll 
in the list is represented by a MultiButton, which is composed of two TextAreas (representing 
Linel and Line2) and a Button component. The first line of the MultiButton (Linel) is set to 
the poll question text (for example, ‘How is your water pressure today?’) while the second line 
(Line2) reflects the end date of the poll (for example, ‘Ends: May 31, 2014’). As with previous 
screens, icons are implemented by setting each Button’s icon property.



Poll response screen The T itle  component now provides the text ‘Select a response’, instead 
of providing a ‘breadcrumb’ trail of actions performed. Below, the poll question text appears 
as a SpanLabel, followed by either a list of predefined RadioButton options (which collectively 
belong to a RadioButtonGroup) or a TextField, depending of the poll type (see Section 5.2). 
The poll type is determined by the client application by checking whether the JSON-formatted 
response from the backend server contains an options field. If so, each option is displayed as 
a RadioButton. The currently selected RadioButton option appears in orange, bold text. In 
the event that no options field is included in the server response (indicating that the poll type 
is text response), a TextField is included on the screen, into which the user may enter their 
open-ended response. Text responses are limited to 255 characters. Depending on the platform, 
the ‘Submit’ option appears either as a soft key Command or as a regular Button.

Update profile screen The user may update their current suburb using the ComboBox com
ponent. The component has its Listltems String property value set to the respective suburbs 
of Grahamstown. In addition, the user is now prompted by a Dialog to save changes before 
returning to the Home screen.

A .4.2 V isualisation

This section provides a brief overview of the techniques used when implementing the updated 
cross-platform MobiSAM client application’s visualisation capaiblities.
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Static chart

The Google Image Chart API was leveraged when implementing the image charts, as described in 
Appendix A.3.3. There are, however, a few notable differences. First, a single ConnectionRequest 
object is created due to the fact that only a pie chart visualisation is now included within the 
client application. The custom poll responses to be visualised along with their associated text 
labels are encoded within each request’s URI. The chdlp chart legend parameter was modified 
so as to position the legend below the chart when a portrait device resolution (width < height) is 
detected, while to the right of the chart when a landscape device resolution is detected (width > 
height). Chart sectors are also sorted by size (from largest to smallest) within the URI. Colours 
are chosen sequentially from an array of possible colours, so as to ensure the colour of adjacent 
sectors do not clash.

Interactive chart

A simple Label containing the text ‘Tap chart for details’ was positioned above the chart compon
ent. The Label has its icon property set to an image indicating that the chart may be ‘tapped’.
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The chart’s Tenderer object method setDisplayValues(true) is called so as to display the 
corresponding percentage value within each chart sector.

A .4.3 C onnectiv ity

As a result of the newly introduced reporting feature, several additional text response polls were 
created on the backend server, where each poll represents an available report (for example, ‘I 
want to report a water outage’). Reports are sent in an identical fashion to what is described in 
Appendix A.3.4, albeit a text response is answered instead of a custom poll type.

A .5 Cross-platform M obiSAM  Report client application technical 
im plem entation

This section provides an overview of the technical implementation details relating to the cross
platform MobiSAM Report client application. The UI and navigation are first described, followed 
by GPS functionality, reverse geocoding, photo capture and connectivity.

A .5.1 U ser interface and navigation

H om e  screen The Home screen consists of a Form containing two Containers. The first 
Container holds the MobiSAM Report logo. The Container below holds four icons arranged 
in a 2x2 GridLayout, each represented by a Button component. A stylistic image and text 
description was added to each Button using its icon and text properties. Depending on the 
platform used, two soft key Commands are also included on the Home screen: ‘Sign out’ and 
‘Settings’. The former signs the user out of their account, navigating them back to the Sign in 
screen, while the latter navigates the user to the Settings screen.

Reporting  screen The Reporting screen consists of a Form and multiple Containers. Screen 
content is created dynamically, depending on the report category selected from the Home screen. 
A predefined list of possible issues relating to the chosen report category is provided at the top 
of the screen. Each issue is represented by a RadioButton which, together, form part of a larger 
RadioButtonGroup.
Next, a TextField is provided which is used to input the address or position of the issue being 
reported. The address may be entered manually by the user or obtained using the handset’s 
GPS, by ticking the CheckBox ‘Use GPS to calculate my position instead’ (see Section 5.8.3). 
When ticked, an ActionListener is triggered which causes the handset to fetch its position via
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GPS (when supported). The retrieved coordinates then undergo reverse geocoding (see Appendix 
A.5.2).
Another TextField is positioned below, into which the user may enter any additional details 
relating to the report. Finally, a CheckBox in provided, allowing the user to capture and include 
a photo within the report (see Section 5.8.3). The two soft keys, ‘OK, send report’ and ‘Back’ 
are implemented as Commands on Java ME and as regular Buttons on the remaining platforms.

Report sent screen The Report sent screen was implemented using a Form and two Containers. 
The first Container holds the image displayed after successfully submitting a report (see Figure 
5.10d), while the second contains a SpanLabel which informs the user that the report was sub
mitted. The ‘Done’ soft key is represented by a Command on Java ME and a Button on all other 
platforms.

Settings screen The Settings screen consists of a Form and a single Container. The Container 
holds four UI components: two SpanLabels and two ComboBoxes. Each SpanLabel includes text 
which describes the purpose of the ComboBox. The first ComboBox is used to represent the user’s 
preferred language and contains three List Items: English, isiXhosa and Afrikaans. The second 
ComboBox is used to specify the user’s current suburb and contains the name of each suburb 
within Grahamstown. Both the preferred language and current suburb settings are automat
ically saved when modified, by triggering the ActionListener of each ComboBox. The newly 
selected preferred language is reflected immediately, with all the necessary UI component text 
being updated. This avoids the user having to manually save changes before navigating back to 
the Home screen.

A .5.2 M iscellaneous

The implementation details relating to the primary portions of the updated cross-platform Mo
biSAM client application (GPS functionality, reverse geocoding, photo capture and connectivity) 
are presented next.

GPS functionality

The LocationManager class provides access to the device’s built-in GPS, allowing a handset’s 
position to be determined either synchronously or asynchronous. The former is ‘blocking’ and 
may take some time to return with an accurate position, while the latter makes use of a 
LocationListener which triggers once a position has been obtained, thereby informing the 
application about the coordinate change. All GPS requests within the MobiSAM Report are 
performed using the latter technique.
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Reverse geocoding

The static method String getSuburbName(Coord point) belonging to the SuburbReverse- 
GeocoderService class, determines which suburb the passed coordinate falls into. The method 
makes use of an intersection algorithm in order to determine whether a given coordinate falls 
within a particular set of coordinates (otherwise known as a polygon). If so, the name of the 
suburb into which the coordinate falls is returned as a String, and appended to the address 
TextField component on the Reporting screen. If the coordinate does not correspond to any 
known suburb, an empty String is returned. In an attempt to improve the user experience, 
positioning requests timeout after 30 seconds. Once expired the user is shown a Dialog requesting 
that they enter the address manually instead.

Photo capture

The CN1 Capture class provides a static method, String capturePhoto(int width, int height), 
which is used to capture images. The method returns a path to the recently captured image 
file. Before uploading, the captured image file is converted to a Base64 encoded String which 
is included within the body of the HTTP request when submitting the report.

Connectivity

Before newly captured images are uploaded they are first converted to their Base64 String repres
entation, as required by the MobiSAM REST API. This is achieved using the encodeNoNewline 
(byte [] in) method, provided by the com. codenamel .u t i l  .Base64 class. The resulting Based 1 
encoded String is then embedded within the body of the ConnectionRequest and uploaded. 
The position coordinates indicating the whereabouts of the report, as well as the human-readable 
address (either entered manually or obtained via reverse geocoding) are included alongside.

A .6 M obiSAM  SMS gateway
This section presents the design and implementation of the MobiSAM SMS gateway. The SMS 
gateway consists of two components: a MOBITEK S63 SMS modem (see Section 2.5.2) and a 
Windows-based application. The application interfaces with the SMS modem, which receives 
service delivery reports via the mobile network in the form of traditional SMS messages. The 
application then relays these service delivery reports to the backend server where they are dis
played chronologically via the MobiSAM web-interface. This ensures that all residents who own 
(or have access to) a mobile phone are able to submit service delivery complaints, regardless of 
the handset’s capabilities.
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A .6.1 R equirem ents and specifications

While Makana Municipality highlighted the need for residents to be able to submit service deliv
ery reports via SMS, they provided no additional requirements, instead relying on the researcher 
to develop an appropriate solution. As such, several key requirements for the application were 
defined by the researcher, with a particular focus on creating a robust and usable system:

• provide a simple UI allowing a MobiSAM administrator to connect/disconnect the SMS 
modem to/from the mobile network;

• display clear information relating to the status of the SMS gateway;
• allow an administrator to modify how often the SMS gateway ‘checks’ (polls) for incoming 

messages;
• ensure that in the event of system downtime, undelivered incoming SMS reports are re

tained;
• alert an administrator via e-mail should any issues arise with the SMS gateway (e.g. no 

airtime; problem with the GSM connection to the mobile network; connectivity issues to 
the backend server);

• retain a detailed system log of all actions performed by the SMS gateway, written to disk; 
and finally,

• allow for autonomous, unassisted operation as much as possible.

Furthermore, several requirements were defined with regards to using the SMS-based service 
delivery reporting service:

• the user need not be a registered MobiSAM user to be able to submit service delivery 
reports via SMS;

• service delivery issues are entered in plain text without special formatting; and
• receipt confirmation is provided via SMS, thus helping keep the user informed.

Figure 5.2 illustrates how the SMS gateway is positioned within the MobiSAM system architec
ture. An SMS modem and the SMS gateway application are installed on an Internet-enabled 
workstation and together, listen for incoming service delivery reports via SMS. These messages 
are then relayed to the backend server using its RESTful API, where they are collated and 
presented to a MobiSAM administrator via the web-interface. As the SMS gateway application 
interacts with the backend server in an identical manner to that of the client applications, no spe
cial access rights were granted. The design and implementation of the SMS gateway application 
is presented next.
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A .6.2 D esign

This section presents a brief overview of the design of the SMS gateway application. First, the 
architectural pattern and UI are discussed. Application connectivity, as well as logging and data 
persistence are then described. Due to space restrictions, a detailed account of the technical 
implementation has been included as an electronic resource. Please refer to electronic Appendix 
A.6.3 for more information.

Architectural pattern

A software architecture pattern “describes a particular recurring design problem that arises in 
specific design contexts, and presents a well-proven generic scheme for its solution” [23, p.8]. As 
Microsoft encourage use of the Model-View-ViewModel (MVVM) pattern within event-driven 
programming paradigms, it was chosen for implementation of the SMS gateway application. 
Based on the model-view-controller (M W ) pattern, the MVVM pattern helps developers “cleanly 
separate the business and presentation logic of [their] application from its user interface” [67, p.l]. 
This separation between logic and UI helps make the application easier to test, maintain and 
expand upon.

User interface

The SMS gateway application consists of a single screen, shown in Figure A.8, through which 
all user interaction takes place. The UI presents information relating to the current state of 
the SMS modem (e.g. mobile network name; signal strength; total number of SMS messages 
sent/received) as well as providing an area where all recently performed actions are detailed (for 
example, connecting to the GSM network; authenticating with the MobiSAM server; and polling 
for incoming SMS messages). The Windows operating system UI guidelines were consulted in 
an attempt to maximise the application’s consistency.
In addition, a selection of UI controls are provided, allowing the user to set the SMS gateway 
online/offline; modify the incoming SMS poll interval and COM port value; enable/disable auto 
scrolling of the log window as well as clear its contents. The online/offline toggle button changes 
colour based on the SMS gateway’s current state, thus providing visual feedback to the user. 
Application specific help (in the form of a pop-up dialog) is offered by clicking the question mark 
alongside the ‘COM Port’ text. Furthermore, the current status of the SMS gateway (‘Online’, 
‘Offline’, ‘Connecting...’, ‘Authenticating...’) is shown in the application title bar, allowing it to 
be monitored even while minimised.
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Figure A .8: MobiSAM SMS gateway application

C ertain UI com ponents arc disabled depending on the  sta tu s of the  SMS modem, thus imposing 
w hat Norman refers to  as constraints [160]. For example, it is only possible to  change the 
‘Poll Interval’ when the SMS modem is online, at all o ther tim es the  UI component is disabled. 
Conversely, it is only possible to change the ‘COM P o rt’ when the SMS modem is offline. It 
should be noted th a t most UI controls arc updated  via d a ta  bindings, thereby ensuring th a t 
the  most recent values arc always reflected. If, for example, the received SMS count variable is 
increm ented, this new value will be autom atically reflected w ithin the  corresponding UI control.
A confirmation dialog is presented to the user if they a ttem pt to  exit the  SMS gateway application 
before going offline, rem inding them  th a t the  SMS gateway will no longer receive SMS messages. 
In the event th a t the  SMS gateway is offline, all incoming SMS reports arc queued on the  GSM 
netw ork’s SMSC and only delivered to  the  SMS gateway once online again.

Connectivity

The application’s connectivity may be viewed as two separate parts: connectivity to  the  GSM 
network (via the  SMS modem) and connectivity to  the  MobiSAM backend server (via the  host 
w orkstation’s Internet connection). A detailed account of the  im plem entation of each is provided 
in electronic A ppendix A.6.3.

Application logging and data persistence

As the SMS gateway was developed to  run unattended, a logging mechanism was implemented, 
which may be used for troubleshooting in the event of a problem. The application logs all per
formed actions, including: changes in the SMS m odem ’s status, port num ber and poll interval;
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incoming/outgoing SMS details; as well as any errors which may occur. In addition, the applic
ation’s settings (e.g. COM port number; SMS poll interval; total SMS messages sent/received) 
are retained between invocations of the application. Please refer to electronic Appendix A.6.3 
for a technical implementation details.

A .6.3 Im plem entation

This section presents the technical implementation details relating to the MobiSAM SMS gate
way. First, the development environment and UI are discussed. Connectivity, as well as logging 
and data persistence are then described.

Development environment

Microsoft Visual Studio was used for development purposes due to the SMS modem’s support 
for the .NET framework as well as the researcher’s familiarity with the C # programming lan
guage. Before connecting the SMS modem to the development workstation, a virtual COM port 
driver was installed. This allowed the USB SMS modem to appear as a COM port, which was 
then referenced from code. Next, the MOBITEK SMS API v7 was installed. The API offers 
support for Visual Basic, .NET C # as well as C++ programming languages and is provided as a 
COM/ActiveX dynamic-link library (.dll) file. This .d ll file provides an API used to perform 
GSM network related operations, and was referenced from within the SMS gateway application 
project. Next, the API needed to be referenced from within the program code, and was achieved 
by including using MobitekSMSAPI7; at the beginning of the main window’s code-behind file 
(MainWindow.xaml.es). In an effort to create a more visually appealing and usable UI, the 
MahApps.Metro package was installed. This package provides additional modern looking UI 
controls to Windows Presentation Foundation (WPF) applications.

User interface

The SMS gateway application consists of a single UI window which was constructed using 
Visual Studio’s ‘drag k, drop’ editor. The UI is represented by a XAML file (in this case 
MainWindow.xaml) which may be modified both programmatically or using the editor. The 
MahApps.Metro namespace was referenced in the opening Window tag in order to allow for its 
UI controls to be leveraged by the application. In addition, the opening <Window. . . tag was 
changed to <Controls :MetroWindow. . . thereby enabling a MahApps.Metro styled main win
dow.
The MainWindow UI controls are arranged in a Grid layout panel consisting of seven rows and 
four columns in order to ensure uniform spacing. Rows 0, 1, 2, 3 and 4 of column 0 each contain a
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single Label. These Labels provide a description of each UI control appearing to their immediate 
right (see Figure A.8). Starting at the top of the UI, the ‘Network’ TextBox control displays 
the name of the GSM network currently being used. The ‘Signal Strength’ ProgressBar control 
displays the current reception strength. The ‘Total SMSes Received’ and ‘Total SMSes Sent’ 
TextBoxes indicate how many SMS messages have been received/sent. Finally, the ‘Poll Interval’ 
ComboBox control allows the user to select the frequency which the SMS modem is checked (or 
‘polled’) for incoming SMS messages.
Rows 0, 1, 2 and 3, of columns 2 and 3 are occupied by a large Button control which allows the 
user to connect/disconnect from the GSM network. The Button is coloured grey when the SMS 
gateway is disconnected from the GSM network; disabled while connecting/authenticating; and 
coloured green when connected to the GSM network, and successfully authenticated with the 
backend server. Below a NumericUpDown control is provided which allows the user to select the 
COM port number to which the SMS modem is connected. This control is disabled while the 
SMS gateway is online.
A RichTextBox control spans the entire of row 5 and is used to display all recently performed 
actions, the contents of which is written to a text file. A Button is positioned directly below 
the RichTextBox which allows the user to clear the log window (though the contents of the 
text file remains intact). Finally, a CheckBox control is positioned to its left which allows the 
enabling/disabling of auto-scrolling.

Connectivity

Connecting/disconnecting A connection to the GSM network is created by first instanti
ating a Modem object. The object’s method In it (short intPort, String pin) is then called, 
passing it the COM port number to which the SMS modem is connected, as well as the PIN 
code of the SIM card as parameters. The method returns 1 if a connection is successfully estab
lished, otherwise 0 is returned. Once successfully connected to the GSM network the application 
UI is updated, reflecting the GSM network name and signal strength. The incoming SMS poll 
frequency is also displayed and may be modified as required. The SMS modem is disconnected 
from the GSM network by calling the ShutDownQ method.

Incoming SMS messages As the SMS modem does not provide any form of action listener or 
interrupt, it instead needs to be ‘polled’ for incoming SMS messages on a regular basis by calling 
an SMS object’s ReadSMSO method. First, an SMS object is instantiated. A DispatcherTimer 
object is then created whose EventHandler method is triggered either every 5, 60, 300 or 600 
seconds depending on the ComboBox component value. The ReadSMSO method is then called 
from within the EventHandler. If there is an incoming SMS message, true is returned, otherwise



A.6. MOBISAM SMS GATEWAY 216

false is returned. The instan tia ted  SMS object stores the received SMS message along with the 
sender’s num ber w ithin its Msg and MN mem ber variables. The TotalSMSesReceived counter 
variable is increm ented accordingly.

Outgoing SM S messages The SMS gateway is able to  send receipt confirmations in re
sponse to every SMS message received, thereby informing citizens th a t their service delivery 
report has been noted. This is achieved by calling the  SMS ob ject’s SendSMSText(String 
strMobileNumber, String strMessage) m ethod, specifying the  necessary param eters, includ
ing the  message: ‘T hank you for your SMS report. The correct municipal departm ent has been 
notified and will respond w ithin 24 hours’. Receipt confirmations arc disabled by default due to 
their associated cost.

Backend server communication As previously mentioned, the SMS gateway application 
interacts w ith the MobiSAM backend server in an identical fashion to th a t of the  client applica
tions, using the MobiSAM REST API. A class nam ed MobiSAMWebServi.ee has been implemented 
and is responsible for all interactions w ith the  backend server. During initialisation of the  SMS 
gateway application, a MobiSAMWebService object is instantiated .

/  2014 - 10-07
[+27728314554 reports: “Water running down lucas meyer st outside the old age hom e'

Figure A.9: MobiSAM website: incoming SMS report

After the SMS gateway application has successfully connected to  the GSM network, it a t
tem pts to  au thenticate  itself with the backend server. This is achieved using the  m ethod 
AuthenticateMobiSAMSMSGatewayAsyncAwait(string username, string password)which, if 
successful, updates the  accessCode m em ber variable. This value is then used for all subsequent 
requests to  the  MobiSAM API. Incoming SMS reports arc subm itted to the  backend server as 
te x t  response, poll types (sec Section 5.2), which arc then collated and displayed chronologically 
via the  MobiSAM web-interface, as illustrated  in Figure A.9 . All network related operations arc 
performed asynchronously so as not to  adversely effect the  application’s performance.

E-mail notifications As the SMS gateway has been designed to  operate unattended , it was 
decided to  include a mechanism to alert the user should any potential problems arise. Alerts arc 
sent via e-mail and cover three scenarios:

• The SMS modem has unexpectedly disconnected from the GSM network;
• the  SMS gateway application is unable to  subm it a received SMS report to  the  MobiSAM 

backend server; as well as when
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• there is no available airtime remaining on the SIM card used by the SMS modem.

The transactional e-mail provider Postmark3 is used to send e-mail alerts from the alias sms- 
gateway@mobisam.net.
A sta tic  class named U tils was constructed which contains several general utility methods, 
including SendSystemStatusMailMessageAsyncO and SendTimeoutMailMessage(). The first 
method is used to alert the user in the event that the SMS modem has unexpectedly discon
nected from the GSM network. This is achieved by first instantiating a new MailMessage 
object, providing it with both the user’s as well as the sender’s e-mail address (in this case, 
smsgateway@mobisam.net). The object’s Subject and Body member variables are then assigned 
appropriate strings. Next, an SmtpClient object is created by passing the constructor an 
SMTP server address (smtp.postmarkapp.com) and corresponding port number (587). The de
livery method and credentials are then set. Finally, the e-mail is sent asynchronously using the 
SmtpClient object’s SendMailAsyncO method.
Similarly, the SendTimeoutMailMessage() method is used to notify the user that the SMS 
gateway application was unable to submit an SMS report to the MobiSAM backend server. 
The SMS gateway application attempts to submit the SMS report to the backend server a 
total of ten times (waiting 2 minutes between each attempt) before the method is called. The 
method operates in an identical fashion to the previously detailed method, however, additional 
information is included within the e-mail report, including the contents of the SMS message which 
triggered the problem; the sender’s number; as well as a textual description of the problem. The 
SMS gateway application then changes state to offline, with all subsequent SMS reports being 
retained on the GSM network’s SMSC. In the event that the SMS modem is unable to send an 
SMS message due to a lack of airtime, a simple e-mail is sent to the user informing them about 
the issue.

Application logging and data persistence

Action logs The SMS gateway application saves to persistent storage, the details of all per
formed actions, including: changes in the SMS modem’s status, port number and poll interval; 
incoming/outgoing SMS details; as well as any errors which may occur. Details are saved in a 
plain text ( .txt) file within the . . ,\Logs\ directory of the SMS gateway application. A new file 
is created at the start of each month and named according to the month and year (MM-yyyv), 
for example, the log file for September 2014 was named 09-2014.txt.
Appending text to the log file is achieved by calling the method UpdateSystemLogCstring s tr ) . 
The method first tries to open the current log file, however, if the file does not exist it creates it

3Postmark http://postmarkapp.com/

mailto:sms-gateway@mobisam.net
mailto:sms-gateway@mobisam.net
mailto:smsgateway@mobisam.net
http://postmarkapp.com/
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anew. This is done by instantiating a TextWriter object and passing it the log file’s location on 
disk. The method WriteLine(string value) is then called, passing it the timestamped string  
to be appended to the log file. In addition, transaction logs are shown in the log output window 
(see Figure A.8) which takes the form of a RichTextBox UI component. This is achieved by 
calling the AppendTextCstring textData) method and allows the user to view, chronologically, 
the sequence of actions which the SMS gateway has performed since its last invocation.

Application settings The COM port number, incoming SMS poll interval as well as the total 
number of SMS messages sent and received are retained between invocations of the SMS gateway 
application. This ensures that the user does not need to reselect the COM port each time they 
start the application. It also provides the user with an accurate idea of how many SMS reports 
have been received, as well as how many receipt confirmations have been sent.
Individual values are saved as application settings, a form of persistent storage provided by 
the .NET framework. First, four new settings were created via the project 'Properties’ menu: 
COMPort, Polllntervallndex, TotalSMSesReceived and TotalSMSesSent. These settings are 
then updated in appropriate locations throughout the application. The COM port value, for 
example, is saved to application settings only once the SMS modem has successfully connected 
to the GSM network. This is achieved by calling the code shown in Listing 2.
Listing 2 Saving COM port value to application settings
/ /  Save COM p o rt
MobiSAMSMSGatewavWPF. P ro p e r t ie s  . S e t t in g s  . D efau lt .COMPort = COMPort; 
MobiSAMSMSGatewavWPF. P ro p e r t ie s  . S e t t in g s  . D efau lt . Save () ;

Furthermore, the application retains the total number of SMSes sent/received until purposefully 
reset by the user. Resetting of values is done by clicking the TextBox UI component containing 
the value which the user wishes to reset (see Figure A.8). A dialog box is shown before the value 
is reset to zero, confirming the user’s action.
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B .1.1 C onsent form
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MobiSAM Project
Rhodes University and Grocott’s Mail newspaper are starting a project to begin 
monitoring service delivery projects in Makana (Grahamstown) municipality. Would 
you like to be a part of this project? Please note there is no payment for participation.

□  Yes □  No

If yes, please provide your contact details below. Your questionnaire answers will not 
be linked back to you.

Name: ................................................................................................................

Cellphone number: ................................................................................................................

Address: ................................................................................................................
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B .1 .2  B a se lin e  s tu d y  q u estio n n a ire

MobiSAM Baseline Questionnaire

Please answer all the questions in the space provided or tick where appropriate.

Se ctio n  1 deals with basic demographic information, Se ctio n  2 deals with your cellphone usage habits and S e ctio n  3 
relates to your service delivery satisfaction and current participation within local government matters.

Please note: No personally identifiable information will be linked to your answers.

S e ctio n  1 -  D e m o g ra p h ic  In fo rm a tio n

1. What is your gender?

□  Male EH Female

In which age group do you belong?

□ □1 1 18 -  30 years EH 31-45 years 46 -  60 years Over 60 years

What is your preferred language?

EZI Xhosa EH English □ Afrikaans □ ZuluEH Ndebele EH Sotho □ Swazi □ TswanaEH Tsonga EH Venda □ Other (please 
specify)

Other:..............................

4. Which of the following are you able to do in your preferred language? (tick all that apply to you)□ Read □ Write □
5. How long have you lived within the Makana (Grahamstown) municipality?

□  Less than 1 □  1 -5  years
year

6. What is your highest level of education?
□  Primary school □  Some high
□  Other (please 

specify)

□  6 -1 0  years 

| | Matric

Speak

□ Over 10 years

school
□  University 

degree

Other:..........................................................................

7. What best describes your current employment status?

□ Working full-time 1 1 Working part-time □ Temporarily employed□ Unemployed EH Temporarily □ Homemaker full-time□□
Other:

Student
Other (please specify)

unemployed EH Retired/pensioner
□ Self employed
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8. Have you ever worked for Makana municipality?

□  Yes □  No

If yes, please provide details (duration, job position etc.):.......

What is your monthly income? (after tax)

□ No income □  R1-R400 □ R401 -  R800□ R801 -  R1 600 1__ 1 R1601-R3 200 □ R3 201 -  R6 400□ R6 401-R12 800 1 1 R12 801 or more □ 1 don't know

S e ctio n  2 -  C e llp h o n e  U sage  In fo rm a tio n

10. Do you own a cellphone?

□  Yes □  No

11. If no, do you have access to a cellphone that you can use regularly?

□  Yes □  No

If no, please skip to Se ctio n  3.

12. How many years have you used a cellphone?
□  1 -5  years □  6 -1 0  years □  Over 10 years

13. What brand is your current cellphone?

□  Nokia 1 1 Samsung □ Motorola 1 1 Sony Ericsson
□  LG 1 1 BlackBerry □ Other

Model:.......................... (Please ask for help if you don't know)

14. Who is your cellphone network operator?

1 1 Vodacom □  MTN □ Cell C 1 1 Virgin Mobile
□  Telkom Mobile □  Other (please

specify)

Other:

15. Is your cellphone on pre-paid (e.g. Pay-As-You-Go) or contract?

□  Pre-paid □  Contract

16. If p re -pa id , please specify how much airtime you spend per week, on average.

□  Less than R5 □  R5 -  R15 □  R 1 6 - R 3 0  □  More than R30

□  I don't know

17. If co n tract, please specify how much you spend per month.

* ..............................................  □  I don't know
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18. What do you use your cellphone for? Please rank in order of most used (1 -  most, 2 -  moderate, 3 -  least, 
b la n k  -  never)□ Voice calls d l  SMS □ Data services 

(WhatsApp, Facebook, 
MxIT, browsing etc.)

19. Do you use any of the following messaging services? (tick all that apply to you)

□  SMS □  BBM (BlackBerry) □  MxIT
□  WhatsApp □  Other (please specify)

Other:

20. How often do you use these messaging services?

□  At least once a day □  A few times a week
□  Never

□ A few times a month

21. Do you access any of the following services from your cellphone? (tick all that apply to you)

□  Facebook
□  E-mail

□  Twitter
□  Wikipedia

Other:

I 1 News
□  Other (please specify)

22. How often do you access these services from your cellphone?

□  At least once a day □  A few times a week
□  Never

□ A few times a month

23. Have you ever installed an application on your cellphone using its application store? (e.g. Google Play, Nokia 
Store, BlackBerry World, AppStore)

□  Yes □  No □  I don't know

24. Have you ever manually installed an application on your cellphone? (e.g. using your phone's web-browser)

□  Yes □  No □  I don't know

S e ctio n  3 -  S e rv ice  D e liv e ry  S a tis fa ctio n  &  C u rre n t P a rtic ip a tio n

25. How satisfied are you with the delivery of the following services in your area?

Service Very
satisfied

Fairly
satisfied

Not very 
satisfied

Not at all 
satisfied

1 don't know

Electricity
Water
Sanitation
Refuse removal
Parks and recreation facilities
Roads and sidewalks
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26. Did you vote in any of the following lo ca l g o v e rn m e n t (municipal) elections? (tick all that apply to you) 

□  1995 □  2000 □  2006 □  2011

27. If you did n o t vote in one or more of the above elections, please indicate why below:□ 1 was not registered to vote □□ 1 was unable to vote □□ Other
Please specify:................................

I did not want to vote 
I don't know

28. Who is the Ward Councillor for your area? 

Name:........................................................ □ I don't know

29. Have you ever attended a meeting organised by your ward committee?

□  No, never □  Yes, once or □  Yes, often
twice

□ I don't know

30. If yes, what is the reason for attending meetings?

31. If no, what is the reason for not attending meetings?□□□□□□□□

I don't have transport
I don't have the time
They will not listen to my opinion
I am not interested
I don't listen to lies
They are not visible to us
I have not thought about it
I am not aware of this committee

□
□
□
□

I don't have any information about the 
meetings that are held
It will make no difference, nothing will 
change
There are no meetings/they are not 
active in this area
I don't know

32. Have you served as a ward committee member?

EH Yes □ No

33. Have you ever read a copy of the following documents produced by Makana municipality?
Yes No

Integrated Development Plan (IDP)
Budget
Service Delivery Budget Implementation Plan (SDBIP)
Annual Report
Auditor-General's Report
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34. If you have never read a copy of these documents, why?

1 1 1 don't know what they 1 1 1 have never heard of □ 1 could never get a copy

□ are
I'm not interested in

them
□  1 cannot understand □ There is no point in

□ reading them 
Other
Please specify:...............

them reading them

35. Have you ever made a complaint to your local municipality? (tick as many as are applicable)□ No, 1 have never made 1 1 1 signed a petition □ 1 spoke with somebody
a complaint in the municipality□ 1 phoned someone at 1__ 1 1 raised the issue with □ 1 wrote a letter
the municipality my Ward Councillor□ Other
Please specify:

36. Have you ever reported poor service delivery to anyone outside the municipality? (tick as many as are
applicable) □□  No, 1 have never made a complaint The media

1 1 The police □ Presidential Hotline
1 1 Public Service Commission Hotline □ Public Protector
1 1 Auditor-General
□  Advice Offices, NGOs
□  LegalAidSA

□ South African Human Rights Commission

37. Have you taken part in a protest or demonstration within the last 12 months?

□  Yes □  No □  I don't know

38. When there are problems in how local government is run in your area, how much do you think an ordinary 
person can do to improve the situation?

□ Nothing 1 1 A small amount □ Some
□ A great deal 1 1 1 don't know

Do you read the Grocott's Mail newspaper?

□ Yes, often IZZI Sometimes □ Never

Do you listen to Radio Grahamstown?

□ Yes, often IZZI Sometimes □ Never

The questionnaire is now completed. Thank you for your time.
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B.2 Usability evaluation: navigation and visualisation
B .2.1 Consent form

CONSENT FORM

Project Title
Project
Description

Researcher

Social Accountability Monitoring using Mobile Phones

In this project, the researcher hopes to determine whether mobile 
phones are a viable technology to facilitate increased 
participation in local government processes. This user study aims 
to gain feedback regarding the MobiSAM applications’ 
navigation and visualisation capabilities. Participants will be 
asked to complete a series of tasks, with each task assessing a 
different aspect of the application. Participants will complete 
these tasks on a handset which most closely resembles their own, 
ensuring the operation of an unfamiliar handset doesn’t burden 
them unnecessarily. Feedback obtained from the study will help 
further refine and improve the MobiSAM mobile applications.
Mr Edward Reynell

• I have received information about this research project.
• I understand the purpose of the research project and my involvement in it.
• I understand that I may withdraw from the research project at any stage.
• I understand that participation in this user study is done on a voluntary 

basis.
• To the best of my knowledge I have no physical impediments that will stop 

me from completing this study (e.g. colour blind).
• I understand that while information gained during the study may be 

published, I will not be identified and my personal details will remain 
confidential.

Name of participant

Signed Date

I have provided information about the research to the research participant and believe 
that he/she understands what is involved.

Researcher’s signature and date
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B .2 .2 Pre-intervention  questionnaire

Pre-intervention Questionnaire

Please answer all the questions in the space provided or tick where appropriate.
Section 1 deals with basic demographic information while Section 2 deals with your cellphone usage habits.

Please note: no personally identifiable information will be linked to your answers.

Section 1 -  Demographic inform ation

1. What is your gender type?
□  Male □  Female

2. In which age group do you belong?

□ 18-30 years □ 31-45 years □ 46 -  60 years □ Over 60 years

What is your preferred language?

□ Xhosa □ English □ Afrikaans □ Zulu

□ Ndebele □ Sotho □ Swazi □ Tswana

□ Tsonga □ Venda □ Other (please
specify)

Other:

4. What is your highest level of education?
□  Primary school □  Some high
□  Other (please 

specify)
school

| | Matric □  University 
degree

Other:........................................................................................

Section 2 -  Cellphone usage inform ation

5. Do you own a cellphone?
□  Yes □  No

6. If no, do you have access to a cellphone that you use regularly?
□  Yes □  No

If you don't own or have access to a cellphone, please skip to the end of the questionnaire.

How many years have you used a cellphone for?
□  1-5  years □  6-10 years

What brand is your current cellphone?
□  Nokia □  Samsung □  Motorola
□  LG □  BlackBerry □  Other

□  Over 10 years

□  Sony Ericsson

Model:........................................................................................(Please ask for help if you don't know)

P.T.O.
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9. Who is your cellphone network operator?
| | Vodacom | | MTN | | Cell C 
j | Telkom Mobile | | Other (please

| Virgin Mobile

specify)

Other:........................................................................................

10. Is your cellphone on pre-paid (i.e. Pay-As-You-Go) or contract?
1 Pre-paid | | Contract

11. If pre-paid, please specify how much airtime you spend per week, on average.
| | Less than R5 Q  R5-R15 Q  R16- 
1~~1 1 don't know

R30 | More than R30

12. If contract, please specify how much you spend per month.

R................................................................................................

j 1 1 don't know

13. What do you use your cellphone for? Please rank in order of most used (1 -  most, 2 -  moderate, 3 -  least, blank -
never)

|__| Voice calls |__ | SMS □ Data services (WhatsApp, 
Facebook, Twitter, 
browsing etc.)

14. Do you use any of the following messaging services on your cellphone?
j | SMS Q  BBM (BlackBerry) □ MxIT
j__| WhatsApp |__ | Other (please specify) □ 1 don't use any of these

Other:........................................................................................

15. How often do you use these messaging services on your cellphone?
)__ | At least once a day |__ | A few times a week
j 1 Never

□ A few times a month

16. Do you access any of the following services from your cellphone?
1 | Facebook | | Twitter □ News
| | E-mail | | Wikipedia □ Other (please specify)

Other:........................................................................................

17. How often do you access these services from your cellphone?
1 | At least once a day |__ | A few times a week
1 1 Never

□ A few times a month

18. Have you ever installed an application on your cellphone using its application store? (e.g. Google Play, Nokia Store)
~| Yes | | No □ 1 don't know

19. Have you ever manually installed an application on your cellphone? (e.g using a USB cable & computer)
[ ~| Yes | | No □ 1 don't know

The questionnaire is now complete. Thank you for your time.
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B .2 .3 U sability  evaluation tasks

User Study Tasks & Questionnaires

MobiSAM is a service which allows you to answer polls relating to the delivery of basic services, as well as report service
delivery problems to your municipality.

This user study aims to gather feedback regarding the MobiSAM mobile application's navigation and visualisation 
capabilities. This feedback will be used to further refine and improve the application's design.

Please complete the tasks presented below.

Please note: no personally identifiable information will be linked to your answers.

Task  1 -  No w ater

1. Please log in to the MobiSAM application ("app") using the username user, and password pass.

2. Once logged in, please follow the necessary steps to inform Makana municipality that you currently have no 

running w ater at yo u r hom e/residence.

3. Once the poll has been successfully submitted, please use the chart visualisations to see how many other people 
in your suburb also have no w ater.

Answer:.......................people / ........................ %

4. Please navigate back to the 'Home' screen once you are done.

(Please turn over the page and answer the questions relating to the task you have just completed.)

P.T.O.
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Task  1 questionnaire

Please answ er all questions in the space provided. A d d itio n a l com m ents are encouraged.

1. Logging in to the MobiSAM app was easy

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

2. Finding the correct poll was confusing

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

3. Completing the correct poll was straightforward

□  Strongly □  Agree
agree

Additional comments:

□  Neutral □  Disagree □  Strongly
disagree

4. The charts were easy to understand

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

5. I used the interactive features of the charts (only answer if using a touchscreen cellphone)

□  Yes □  No

Additional comments:

P.T.O.
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Task  2 -  Leaking pipe

1. Please log in to the MobiSAM app using the username user, and password pass.

2. Once successfully logged in, please follow the necessary steps to inform Makana municipality that there is a 
leaking water pipe at 5 High Street.

3. Please navigate back to the 'Home' screen once you are done.

(Please turn over the page and answer the questions relating to the task you have just completed.)
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Task  2 questionnaire

Please answ er all questions in the space provided. A d d itio n a l com m ents are encouraged.

1. Finding the correct poll was straightforward

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

2. Having the screen names at the top of the MobiSAM app made navigation easier

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

3. Entering text into the MobiSAM app was difficult

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

4. Enough feedback was given after submitting my report

□  Strongly □  Agree
agree

□  Neutral □  Disagree □  Strongly
disagree

Additional comments:
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Task  3 - D ir t y  w ater

1. Please log in to the MobiSAM application ("app") using the username user, and password pass.

2. Once successfully logged in, please follow the necessary steps to inform Makana municipality that yo u r w ater is 

brow n in colour.

3. Once the poll has been successfully submitted, use the chart visualisations to see how many other people in your 
area also have brow n w ater.

Answer:.««................. people / ............ f j

4. Please go back to the 'Home' screen once you are done.

(Please turn over the page and answer the questions relating to the task you have just completed.)
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Task  3 questionnaire

Please answ er all questions in the space provided. A d d itio n a l com m ents are encouraged.

1. Finding the correct poll was confusing

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

2. Completing the correct poll was straightforward

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

3. The charts were easy to understand

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

4. Which chart did you find easiest to understand?

□  Pie chart □  Bar chart □  Both equal

Additional comments:
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Task  4 -  Change application  language

1. Please log in to the MobiSAM app using the username user, and password pass.

2. Next, please follow the necessary steps to change the MobiSAM app's language from  English to A frikaans.

3. Take note of whether the 'Home' screen is now displayed in Afrikaans.

(Please turn over the page and answer the questions relating to the task you have just completed.)
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Task  4 -  Change application  language

Please answ er all questions in the space provided. A d d itio n a l com m ents are encouraged.

1. Finding where to change the MobiSAM app's language was straightforward

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

2. The MobiSAM app's 'Update profile' screen was easy to understand

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

3. Are there any other profile options you would like added to what is currently available? For example: 
_______change your suburb/address, change your password etc. (If yes, please provide examples below.)

□  Yes □  No

Examples:

The questionnaire is now complete. Thank you for your time.
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B .2 .4 P ost-in tervention  questionnaire

Post-intervention Questionnaire

Please answer all the questions in the space provided. Additional comments are encouraged. 

Please note: no personally identifiable information will be linked to your answers.

Section  1 -  A p plication  navigation

| 1. The MobiSAM app, in general, was easy to understand

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

| 2._____Navigating my way through the MobiSAM app was simple_________________

□  Strongly □  Agree □  Neutral □  Disagree
agree

Additional comments:

□  Strongly 
disagree

| 3._____The 'Home' screen of the MobiSAM app was clear and concise_________________________________

□  Strongly □  Agree □  Neutral □  Disagree □  Strongly
agree disagree

Additional comments:

| 4._____I would most likely use the MobiSAM app again in the future

□  Yes □  No □  Maybe

Additional comments:

P.T.O.
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Section  2 -  A pplication  v isu a lisatio n

□  Strongly 
agree

Additional comments:

1 I Agree □  Neutral □  Disagree □  Strongly 
disagree

6._____I felt comfortable reading the charts

□  Strongly □  Agree □  Neutral
agree

Additional comments:

□  Disagree □  Strongly
disagree

7._____Not enough distinct colours were used in the charts

□  Strongly 
agree

Additional comments:

I I Agree □  Neutral □  Disagree □  Strongly 
disagree

8. The interactive charts made information more easily understandable (only answer if using a touchscreen 
______ cellphone)_______________________________________________________________________

□  Strongly 
agree

Additional comments:

j I Agree □  Neutral □  Disagree □  Strongly 
disagree

| 9._____Which of the visual representations did you find most useful? (i.e. numerical, pie chart, or bar chart)

□  Numerical □  Pie chart □  Bar chart

Additional comments:

Is there anything else about the MobiSAM app that you would like to tell us?

The questionnaire is now complete. Thank you for your time.
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B.3 Usability evaluation: client application comparison

B .3.1 Consent form

Project Title
Project
Description

Researcher

CONSENT FORM
Social Accountability Monitoring using Mobile Phones

In this project, the researcher hopes to determine whether mobile 
phones are a viable technology to facilitate increased 
participation in local government processes. This usability 
evaluation aims to measure how changes made to the original 
MobiSAM application are perceived by users. A side-by-side 
comparison will be made between MobiSAM and a newly 
developed version, namely, MobiSAM Report. Participants will 
be asked to complete four tasks using each version of the app; 
participants will then be asked a series of questions relating to the 
tasks. Responses from this study will ultimately influence the 
decision as to which version of the MobiSAM app will be 
released into the public domain.
Mr Edward Reynell

• I have received information about this research project.
• I understand the purpose of the research project and my involvement in it.
• I understand that I may withdraw from the research project at any stage.
• I understand that participation in this user study is done on a voluntary 

basis.
• I understand that my responses to questions will be recorded.
• I understand that while information gained during the study may be 

published, I will not be identified and my personal details will remain 
confidential.

• To the best of my knowledge I have no physical impediments that will stop 
me from completing this study (e.g. colour blind).

Name of participant 

Signed Date

I have provided information about the research to the research participant and believe 
that he/she understands what is involved.
Researcher’s signature and date ......................................................................................
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B .3 .2 Pre-intervention  questionnaire

Usability evaluation: pre-intervention questionnaire

Please answer all the questions in the space provided or tick where appropriate.
Section 1 deals with basic demographic information while Section 2 deals with your cellphone usage habits.

Please note: no personally identifiable information will be linked to your answers.

Section 1 -  Demographic information

1. What is your gender type?
□  Male □  Female

2. In which age group do you belong?

□ 18-30 years □ 31-45 years □ 46 -  60 years □ Over 60 years

What is your preferred language?

□ Xhosa □ English □ Afrikaans □ Zulu

□ Ndebele □ Sotho □ Swazi □ Tswana

□ Tsonga □ Venda □ Other (please 
specify)

Other:.

What is your highest level of education?

□□
Primary school
Other (please 
specify)

□ Some high 
school

□ Matric □ University
degree

Other:.

Section 2 -  Cellphone usage information

I I No
5. Do you own a cellphone? 

□  Yes

6. If no, do you have access to a cellphone that you use regularly?
□  Yes □  No

If you don't own or have access to a cellphone, please skip to the end of the questionnaire.

7. How many years have you used a cellphone for?
□  1-5  years □  6-10 years

8. What brand is your current cellphone?
□  Nokia □  Samsung □  Motorola
□  LG □  BlackBerry □  Other

□  Over 10 years

□  Sony Ericsson

Model:........................................................................................(Please ask for help if you don't know)

P.T.O.
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9. Who is your cellphone network operator?
| | Vodacom | | MTN | | Cell C 
j | Telkom Mobile | | Other (please

| Virgin Mobile

specify)

Other:........................................................................................

10. Is your cellphone on pre-paid (i.e. Pay-As-You-Go) or contract?
1 Pre-paid | | Contract

11. If pre-paid, please specify how much airtime you spend per week, on average.
| | Less than R5 Q  R5-R15 Q  R16- 
1~~1 1 don't know

R30 | More than R30

12. If contract, please specify how much you spend per month.

R................................................................................................

j 1 1 don't know

13. What do you use your cellphone for? Please rank in order of most used (1 -  most, 2 -  moderate, 3 -  least, blank -
never)

|__| Voice calls |__ | SMS □ Data services (WhatsApp, 
Facebook, Twitter, 
browsing etc.)

14. Do you use any of the following messaging services on your cellphone?
j | SMS Q  BBM (BlackBerry) □ MxIT
j__| WhatsApp |__ | Other (please specify) □ 1 don't use any of these

Other:........................................................................................

15. How often do you use these messaging services on your cellphone?
)__ | At least once a day |__ | A few times a week
j 1 Never

□ A few times a month

16. Do you access any of the following services from your cellphone?
1 | Facebook | | Twitter □ News
| | E-mail | | Wikipedia □ Other (please specify)

Other:........................................................................................

17. How often do you access these services from your cellphone?
1 | At least once a day |__ | A few times a week
1 1 Never

□ A few times a month

18. Have you ever installed an application on your cellphone using its application store? (e.g. Google Play, Nokia Store)
~| Yes | | No □ 1 don't know

19. Have you ever manually installed an application on your cellphone? (e.g using your phone's web-browser)
[ ~| Yes | | No □ 1 don't know

Thank you. The questionnaire is now complete.
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B .3 .3 U sability  evaluation tasks
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MobiSAM Report

Task 1

Y o u  h ave  ju s t  tu rn e d  on the  tap  and  re a lise d  th a t th e re  is no ru n n in g  w a te r. P le ase  lo g  in /s ig n  in to  

the  app  w ith  th e  u se rn a m e  user and  th e  p a ssw o rd  pass.

1. ) Overall, this task was?

Very difficult Very easy
1 | 2 | 3 | 4 | 5

Task 2

P le ase  re p o rt th a t th e re  is a w a te r  o u tag e  at y o u r  current  p o s it io n , o b ta in e d  u sin g  G P S. O nce  

su c ce ss fu lly  re p o rte d , p le ase  n a v ig a te  b a ck  to  the  H o m e  screen .

2. ) Overall, this task was?

Very difficult Very easy
1 | 2 | 3 | 4 | 5

Task 3

Y o u  h ave  ju s t  see n  w a te r  b u b b lin g  o u t o f the  g ro u n d  at 1 High Street. P le ase  re p o rt th is  p ro b le m  

to  M aka n a  M u n ic ip a lity . In c lu d e  a p h o to  o f th e  issu e . O n ce  su c c e ss fu lly  re p o rte d , p le ase  n av ig ate  

b ack to  the  H o m e  screen .

3. ) Overall, this task was?

Very difficult Very easy
1 | 2 | 3 | 4 | 5

Task 4

P le ase  ch an g e  th e  ap p 's  la n g u a g e  fro m  En g lish  to  is iX h o sa . T h e n , retu rn  to  th e  H o m e  screen .

5.) Overall, this task was?

Very difficult Very easy
1 | 2 | 3 | 4 | 5

Thank you. A ll tasks are now  com plete.
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B .3 .4 P ost-in tervention  questionnaire

Usability evaluation: post-intervention questionnaire

1. W h ic h  o f  th e  tw o  a p p s  d id  y o u  f in d  e a s ie s t  to  u se ?  W h y ?

2. O n c e  f a m ilia r  w ith  th e  a p p s , d o  y o u  fe e l y o u  w o u ld  b e  a b le  to  p e r fo rm  th e  ta s k s  q u ic k e r  

u s in g  M o b iS A M  o r  M o b iS A M  R e p o rt?

3. A f t e r  h a v in g  n o t u se d  e it h e r  o f  th e  a p p s  fo r  a w h ile , w h ic h  o f  th e  tw o  w o u ld  y o u  fe e l 

m o s t  c o m fo r t a b le  u s in g  a g a in ?  W h y ?

4 . D o  y o u  fe e l m o re  l ik e ly  to  m a k e  m is ta k e s  w ith  M o b iS A M  o r  M o b iS A M  R e p o rt?  W h e re  

d o  y o u  fo re s e e  th e s e  m is ta k e s  h a p p e n in g ?  If y o u  m a d e  a m is ta k e  d u r in g  th e  t a s k s , w e re  

y o u  e a s i ly  a b le  to  re c o v e r  fro m  th e m ?
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5. Which of the overall app designs do you find most pleasing and intuitive? Why?

6. Does either of the apps better provide the features that you need? Which features are 
these? Why?

7. What are your likes, dislikes and recommendations for each of the apps?
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Appendix C

MobiSAM RESTful Web Services API
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MobiSAM RESTful Web Services API

Document Overview
This is version 0.4 of the MobiSAM REST API specification. This is for the pre-production 
version of MobiSAM and as such will be getting updated frequently prior to the launch of 
MobiSAM. The document gives a brief overview of how external applications and services 
can interact with MobiSAM via the REST API.

MobiSAM REST API Overview

The RESTful web service API is accessible to uniquely identified applications that are tied to user 
accounts. Users can have multiple applications linked to their accounts. Users need to first be 
registered on MobiSAM via the web interface before they can link their applications to their 
accounts.

Communication between the applications and the API is via HTTP requests that embed JSON 
messages for further information required by the API. Examples of the request and response 
messages are given in the document.

The REST API is currently beta and is accessible via the MobiSAM beta sub-domain :
h t t p : : / / f e e t a  .m ob isa m . nssfc

API routes

The table below describes the routes that are defined in the API. All data exchange with the API is 
via JSON :

Table 1 -  M obiSA M  R E S T  A P I  routes
REST route Description
SWE a p i / p o l l s Returns all the polls that the user is authorized to access, 

along with detailed information associated with the polls.

JS O N  response:

[ { " p o l l id " : " 2 " , " q u e s t io n " : "What co lo u r i s  your 
w a te r to d a y ? " , " s t a r t " :" 2 0 1 3 -0 2 -0 7 " ,"en d " : 
"2 0 1 4 -0 2 -0 1 " ," c a te g o ry " :"1 " , " o p tio n s ":
{ " 1 " :" C le a r" , " 2 " : "C loudy", "3 " : " S l ig h t ly  
brown", "4": "Brown"}} ... ]

u p d a ted  ±n versl&ri' CL,3 to  r e tu r n  c a te g o ry  I’D 
in s te a d  o£ f a l l  ca teg o ry  nance* .return® an 
a r ra y  o f  o p tio n s
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GET 'a g i/S -S s te g o r ie s Returns poll categories with their corresponding IDs.

JS O N  response:

[{ " c a te g o ry id " :"1 " , "name": "H ea lth " , 
" d e s c r ip t io n " : "P o lls  r e la te d  to  h e a l th  and 
a ls o  to  m edical i s s u e s " ,  " p o l ls c o u n t" :"3"} , 
... i

GET a g i / p o l l s / < C c t f c i& gory>
e . g .  a p i / p o l l s / 2

Returns the polls in a particular category specified by the 
category identifier < e a t e g o E y > .

JS O N  response:
updated in  version  0*2 to: use ®*K#sjeiry £$ .of 
BStfiS,

[ { " p o l l id " : " 2 " , " q u e s t io n " : "What co lo u r i s  your 
w a te r to d a y ? " , " s t a r t " :" 2 0 1 3 -0 2 -0 7 " ,"en d " : 
"2 0 1 4 -0 2 -0 1 " ," c a te g o ry " :"1 " , " o p t io n s " :
{ " 1 " :" C le a r" , " 2 " : "C loudy", " 3 " : " S l ig h t ly  
brown", "4": "Brown"}} ... ]

updated in  version  S*J1 to  return, the po-lX 
inform ation piu$ an array o f  opt ions

GET a p i / p o l l / < i d > ' Returns information about a poll with the specified id.

E xam ple :

GE T g p . l 1 1 / 3  to get information about poll 
number 3

JS O N  response:

{ " p o l l id " : " 2 " , " q u e s t io n " : "What co lo u r i s  your
w a ter to d a y ? " , " s t a r t " :"2013-02-
0 7 " ,"en d " :"2 0 1 4 -0 2 -0 1 " ,"C a teg o ry " :"1 " ,
"anon ": "0", "open ": "1", " m u lt ip le " : " rV " o p tio n s "  
:{ " 1 " :" C le a r" , " 2 " : "C loudy", " 3 " : " S l ig h t ly  
brown", " 4 " : "Brown"}}

updated th e  m i p s s e  t o  ihsluite art: array o f 
options in  version  (hM

POST
ap i  /  r  e s u 11 /  «p  o 11 > /  < c  h o i  c  e >

Responds to the poll identified by its unique identifier 
< p g l l^  with the user's response choice specified by 
< e h o i c e > . If the response is to a poll with a text 
feedback or for uploading images, the < ch o iS e >  has to 
be set to 0 (zero) and the text feedback and other 
parameters are embedded into request. This has to be 
authenticated and authorized accordingly as described 
below.

E xam ple :
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POST a p i / re-su 11$4  /3  to respond to poll number 4 
with a choice number 3 selected.

JS O N  response:

{"hot":"15","not":"2"} or {"message":"thank you for 
voting"}

’SP'fcffeA to  iamTiitfe She rw alfes ijs, the 
{fo r  f i f l l #  where the re^'Ul.ts are assess i.Bis in  

imrsia.ti i . 2

ift iftft #»,.4 t a  hMe 
■nplssilrhg o f  images fa r  the relevant $®J»L 
types

POST a p i j fS s s o c i i f c e This associates an application with a specific user. (See  
“A u th en tica tio n ” section  below )

Authentication
The initial process in using MobiSAM REST API is to associate the requesting application with a 
specific user account. Therefore the user must have registered via the web interface beforehand. The 
association is a one-step processes where a request embedding information that identifies both 
application and the user is send to MobiSAM. The route for this call is as follows :
POST f ip i / l i B s o c i i lS i

with the following JSON formatted information embedded in the body of the request:

{
“appkey” : “< a p p k e y > ”,
“descriplion”:”< d e s c r i p ;  i o n >”,
“user” : “<u
“checksum”: w< cQ de> ”}

where :
< a p p k e y >  = unique hexadecimal string of length 50. This is generated by the application

requesting to be associated with the user. This code should be kept private and secure 
and is only to be used to keying the hash of the POST 
a p i / r e s u l t / < p ® Q J l & / < c h a i c e  as described further below

< d e s # j? ip t  io :a>  = a user- supplied description of the application (e.g. name of the application). 
This is used on the web interface to allow the user to manager their authentication 
applications and services.

fo ,s e rn a m e >  = the username of the person accessing the service
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< G odf > = the SHA256 hash of the user password, keyed with the username. In othe words, hmacf 
( ' s h a 2  5 6 ' , < p a ssw o rd > ,-  k ey = < u s# rn a rtx e> )

If successful this returns an accesscode in a JSON format

{
“accesscode”: < a c o e  s s c

}

the accesscode is to be stored and used for subsequent requests to the API.

Otherwise the following error messages are returned, with the HTTP Response Code and the JSON 
Message embedded in the body of the response :

Table 2 : Authentication response messages
Response
Code

Message Error

400 {“message”:“missing data”} There is no information embedded in the body 
of the request

400 {“message”: ’’invalid parameters”} Invalid parameters embedded in the request, 
this could be because of missing parameters or 
parameters that do not conform to the 
specification.

404 { “message”: ’’incorrect parameters” } Incorrect parameters (e.g. credentials) have 
been passed

403 {“message”:’’application already 
associated”

The application (identified by the < a p p k e y > ) 
has already been associated with the user.

500 {“message”:’’could not associate due 
to a technical issue” }

The account/user association could not be 
completed due to an internal application error

Authorization
Every request to the API, except the P0 ST d p i / a s s o c i a t S  request must have the 
X_M0BISAM_AUTH header set with the value of the assigned < a d « # ss© M B >  from the 
association process above.

Calls to the POST a p i  /  r e s u l t  /  < p oL B */ < o h o i  c e  > route must also embed within the body 
of the request a SHA256 hash of the request URI, keyed with the unique private < a p p  k e y ?  
generated in the association process above. Where the response is for a textual feedback poll, the 
text response has to be embedded in the body of the request and the text has to be appended to the 
URI to generate the keyed hash.

Example :
♦  for a choice response

POST api/result/"27/3
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{"checksum " : "2 £ 0 M a 52d 2 fecd to6 4 d d 6 ad 97 6 d a5 1 9b*3b88d 7 e a 2 3.5f  f  427 
a 0 1 0 3 5 8 3 £ 2 d 3 4 7 1 f" >
the checksum value is hm ac ( ' sfaa2 5 6 ' ,
' 2 7 / 3  ' , ' 9EWVFmHpHN6n2YKW9QtvUqX3xfc)0:F Q U B « lrF d d q n F 7 fp c S D A 2 q ' )

♦  for a text response (the <choice> has to be set to 0)
FOSt a p i / r e s u l t / 2 1 / 0

{" checksum " :"530E 3  IM S  PG fb3C J27a2125fd0be33dcd66ecs4  5a421S bae2  
4:4732.E8de|2© 73.dc", " r e s p o n s e "  : " th e  w a te r  i s  b row n"}
the checksum value is hm ac ( ' s.ha2 5 6 ' ,  ' 2 7 / 0 _ th e :  -w a te r  i s
b r o w n ' , ' 4 m w is u g u 2 a fe e z w k p 2 b 6 z 3 z la b 8 3  j 9  6 d a d ? :n r i7 I 7 q a 9  6 0 0 'i:ea ' )

♦  for an image upload response (the <choice> has to be set to 0)
HOST ap i f m  s u i t  /3 4  /  0.
|  "checksum " : "436§M ie3b8cS b855338e.5 '7 :a2& a73?M 2M 52& 58af24d550 
a 2 c d 6 2 c 2 fd e 9 5 £ b 8 " ,
" r e s p o n s e "  : " t e s t i n i q " ,
" l o c a t i o n "  : " 1 2 .3 3 2 3 2 ,3 2 .5 3 4 3 " ,
" l o c a t  io n  s t r i n g "  : "25 Hi .11 S t r e e t ,  CSr alraiastow n" ,
"im ag e" : " /^ J /4A A Q S kZ JS .. . .N r4 rS lP L iu e M w S 4 v //Z " ,
"c o m m en ts" : " t h e r e  i s  p i p e  t h a t ' s  b u r s t " }

♦  *checksum value is hm ac('sha256', '34/0_testing', 
'627a524063277e2458387b4c4a5259473c454d48652373774a')

♦  image is a Base64 encoded image (only jpeg, jpg, and png supported)
♦  location is the longitude and latitude
♦  *locationstring is the physical address
♦  comments are any extra user comments
♦  * = required param eters

If the request is authenticated and authorized, the response would be as per the MobiSAM REST 
API routes table above. Otherwise the following error messages are returned.

Table 3 : Authorization response messages
Response
Code

Message Error

400 {“message”: “missing header 
information” }

There required header information is missing 
from the request.

403 {“message”:’’invalid request”} Invalid information for identifying the 
requesting application.



254

API Error Messages

Response
Code

Message Error

404 {“message”:“no items were found for 
that category”}

There are no polls available for the specified 
category

400 {“message”: ’’Missing information, 
the category must be specified”}

The category ID must be specified for the 
request

404 {“message”:“No items were found 
for <x>”}

{“message”:“The requested item was 
not found”}

{“message”:“Specified poll is not 
available”}

None of the requested polls or categories are 
available to the user

400 {“message”“‘Missing POST data”} The request is missing the required POST body
400 {“message”: “incorrectly formatted 

request”}
The request doesn't comply to the specification

400 {“message”: “inconsistent request”} The request URI doesn't match the encoded 
data

400 {“message”“‘invalid poll choice 
selection”}

The specified choice is not valid for the selected 
poll

400 {“message”:“Not a correct JSON 
format, missing user response”}

The user's text response is missing from the 
JSON request

401 {“message” “‘Already voted”} The user has already voted for the selected poll
500 {“message”“‘Could not save”} The user's voting could not be captured due to 

an internal or technical MobiSAM error
400 {“message”“‘missing data”} The information that is required is missing
403 {“message”:“application already 

associated”}
The application (identified by the AppKey) has 
already been associated for the user


