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Abstract

Introduction

With aging populations and rising health care costs, many high-income countries are
exploring mobile computing technologies to improve the efficiency and effectiveness of
health care provision. These technologies, which underpin the field of pervasive
computing, introduce a new model of human—computer interaction. Instead of the

I”

scenario where a single user interacts with a desk-bound “personal” computer, pervasive
computing envisions a world embedded with small, inexpensive, portable networked
devices able to communicate seamlessly with each other. In common with resource-rich
countries, the field of pervasive computing has the potential to promote and support
healthy population development in middle and low-income countries, and this, therefore,
has relevance for South Africa. Current estimates suggest that there are between 28 and
32 million mobile phones in South Africa. This means that around 60% of all South
Africans own, or have access to, mobile telecommunication. Over 900 000 km? of the
country is covered by the GSM (Global System for Mobile Communication) network of
Vodacom, the largest telecommunications company in the country. Over 90% of South

Africa is provided with access to mobile connectivity through shared agreements between

the country’s major telecommunications networks.

Aims

The ubiquity of mobile phones has resulted in their receiving increasing attention from
public health researchers. Yet a better understanding of how mobile phones could
support health research in South Africa is still an emerging field with many unanswered
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guestions. This thesis attempts to fill some of these gaps in our current knowledge. In
particular, the primary aim of this work is to implement and evaluate the use of mobile
phones as instruments with which to collect and analyse information for monitoring,

evaluation and research in low-resource rural African settings.

Methods

To investigate this aim, data were gathered from the development, implementation and
evaluation of four health surveys in South Africa. Two surveys were conducted with Birth
to Twenty, a birth cohort of South African young adults living in Greater Johannesburg.
These data were used to better understand the feasibility and data-quality implications of
using mobile phones as a tool for the administration of ‘self-administered’ surveys. Two
additional surveys, completed in KwaZulu-Natal province, evaluated the same themes of
feasibility, acceptability and impact of data quality in mobile-phone-assisted personal
(face-to-face) interviews (MPAPI). The first, conducted with 500 HIV-positive pregnant
women in eight primary health clinics and 12 interviewers trained to use the mobile-
phone survey software, was used to assess the feasibility and acceptability of MPAPI. The
final survey compared the difference in data quality achieved by 100 interviewers using
either pen and paper, or mobile phones to conduct a short health survey. De Leeuw's

conceptual model was used to frame how mode characteristics influence data quality.

Results
Mobile-phone-assisted interviewing was found to have an impact on the data quality,
feasibility and acceptability of health surveys. MPAPI was found to be similar in terms of

accuracy and cost to small-scale paper-and-pen interviewing (PAPI) surveys. Time lines



and accessibility were improved by the use of MPAPI. Mobile-phone-assisted self-
interviewing (MPASI) surveys were found to have a lower survey response but a higher
item-completion rate. Acceptability was found to be moderated by technological
familiarity and the use patterns of mobile-phone features. Finally, conducting health
research using mobile-phone interviews in South Africa was found to be feasible; to
reduce the loss of questionnaires, and photocopying and data-entry costs; and to improve
the speed at which data becomes available for analysis. Factors that mediated feasibility
included the technical expertise of the project management and field staff, the
technological know-how of participants, the comprehensiveness of the interviewer
training, the mobile communication channel used (e.g., handset-agnostic SMS) and the

presence or absence of an interviewer.

Conclusion

Under the right conditions, mobile-phone-assisted interviewing appears to be a feasible
and practical tool for the rapid collection of health information, with data accuracy being
the same or better than pen-and-paper interviews. It is argued that these benefits
increase as the scale of the survey increases. Improved data can positively influence
population health by providing decision makers with more rapid access to accurate data
with which to monitor large-scale health systems. Small projects that do not require the
rapid availability of data or where staff do not have the appropriate technical
proficiencies would be better suited at present to more traditional survey data-collection
techniques.

Keywords: mobile phones; pervasive computing; mHealth; data collection; survey error
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GSMA: Global System for Mobile Communication Association
HSDPA: High-speed downlink packet access (also called 3.5G)
HSRC: Human Sciences Research Council

ICT: Information and communications technology

ICTAD: Information and communications technology for development

ITU: International Telecommunication Union

XXi



IVR: Interactive Voice Response

J2ME: Java 2 Mico Edition

LMICs: Low and middle-income countries
LSM: Living standards measure

MDR-TB: Multi-drug resistant tuberculosis
mHealth: Mobile health

MHL: Mothers living with HIV and AIDS

Mobile phone penetration rate: The number of active mobile phone numbers (usually as
a percentage) within a specific population.

Mode effect: The unique measurement properties [of modes] may mean that differences
observed in data can be attributed to how the data have been collected rather than to
real differences in the survey populcrtion1

MPAI: Mobile-phone-assisted interviewing

MPAPI: Mobile-phone-assisted personal interviewing
MPASI: Mobile-phone-assisted self-interviewing

0OS: Operating system

PAPI: Paper-and-pencil interviewing

PDA: Personal digital assistant

RCT: Randomised control trial

SAARF: South African Advertising Research Foundation
SAQ: Self-administered questionnaires

T-CASI: Text-based computer-assisted self-interviewing
TDE: Touchtone data entry

TSE: Total survey error: an accumulation of all errors resulting from the design, collection,
processing and analysis of survey data.

USSD: Unstructured supplementary service data
V-CASI: Video-based computer-assisted self-interviewing

XDR-TB: Extensively drug-resistant tuberculosis
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Three objects were considered essential across all participants, cultures and genders: keys,
money and mobile phone.

Nokia trend-spotter Jan Chipchase, 2007*
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Preface

Towards the end of 2007, | was approached by an old friend and mentor and asked to
consider applying for a PhD internship position in her research programme. The
programme had just received a grant to complete a five-year clinic-based effectiveness
trial in KwaZulu-Natal. In order to prevent contamination with other studies already
underway in the area, eight geographically isolated primary health care clinics were
chosen for this new trial. It soon became evident that the solution to how best to collect
data from these widely dispersed, low-resourced rural clinics was not a trivial problem to
solve. Having audited the Provincial Department of Health’s informatics system in 2005, |
was well aware of the challenges faced in collecting and aggregating accurate, timely and
useful data from provincial clinics and hospitals. Broken computers, missing registers,
double counting, undercounting, incorrect versions of the data-collection forms and staff
shortages all erode the quality of data produced by the District Health Information

System (DHIS).

Faced with the challenge of implementing my own mini DHIS, | set up appointments with
a number of colleagues, hoping that, three years on, a better solution had been found.
Sadly, | found that the exact same system, with all its inefficiencies and challenges, was
still in use. Having come up empty-handed, the team and | went on to consult with
researchers and academics working in the field. Through this process a number of
candidate solutions to our problem began to emerge. The research | present in this thesis
documents my experience with the novel approach chosen to collect research data in

such resource-constrained environments.
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| have always been interested in technology and was well aware of the rapid advances
being made in mobile-phone hardware. But even | have been astounded by how fast
miniaturisation, increased mobile network speeds, decreased hardware costs and
electronic device convergence have affected the mobile telecommunications industry. In
the five years it has taken me to formulate, propose, implement and write up this thesis,
mobile phones have changed dramatically from the basic communication platforms that
were capable of making calls, sending text messages and, if you had the technical know-
how, connecting to basic websites with a preferred computing device. Taking photos,
listening to music, getting turn-by-turn navigational direction, watching movies and
emailing are now all common activities to perform on a mobile phone, with many of
these features available on entry-level handsets. These features have been enabled
through the inclusion of more and more hardware into the mobile-phone handset.
Cameras, GPS units, accelerometers, proximity censors and WiFi hardware are now all
available in a single handset. This trend is only set to gain momentum in the coming

years.

It is not, however, only device hardware that has undergone rapid change. In July 2008
Apple launched their app market, which allowed owners of the iPhone to download and
install applications on their phones. The introduction of the app market fundamentally
altered the way that people use and think about their mobile phones. Phones are no
longer simply mobile telephones, but have rather become portable computers that
enable users to book a table at their favourite restaurant, manage their personal finances,
translate text or go virtual bass fishing. While sightseeing on a recent trip to Vienna, |

came across a very large and majestic building. Unable to locate it in my guide book, |
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pulled out my mobile phone and took a photo with the “Google Goggles” application.
Within seconds | was informed by the application that | was standing in front of the
National Fine Arts Museum and that it was closed on Mondays. On entering the gallery |
was particularly taken by one of the works hanging in the gallery. Again, within a few
seconds of firing up Goggles | was presented with a wealth of information about the Van

Gogh self-portrait | was standing in front of.

None of this was yet possible in late 2007, but the potential for mobile phones to double
as research tools was already beginning to be noted both within academia and the private
sector. A research partnership between the University of Cape Town and the Cape
Peninsula University of Technology was formed in 2001. The collaboration aimed to
develop a system that would allow nurses to be linked to and communicate with home-
based carers responsible for monitoring the treatment of HIV-positive patients. A system
was built that relied on mobile phones and the JavaRosa data-collection platform. This
system facilitated the flow of information between nursing staff and home-based carers.
The research project was expanded into a not-for-profit company called Cell-Life in 2005.
In 2006, Clyral CC introduced the commercial Mobile Researcher platform. The software
enabled mobile phones capable of running Java 2 Micro Edition software to be turned
into survey data-collecting tools. Surveys are first prepared online using the provided set
of survey-design tools. These surveys are then downloaded onto mobile phones running
the Mobile Researcher software. Although any data can be collected using the Mobile
Researcher platform, the company has tailored its product to meet the needs of social

and medical science researchers.
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The collection of health information using mobile phones is only one aspect of a field now
known as mHealth (mobile health). Although there is still debate about the exact
definition of mHealth, in the context of this thesis mHealth refers to leveraging the
unique attributes of mobile communications and network technologies in order to
improve detection, diagnosis, health monitoring and care. The unique attributes that lend
the use of mobile devices to health care are that they are personal, they are permanently
carried, they are always on and they provide a two-way communication channel to a large
percentage of the population — even in low-resource settings. mHealth seeks to harness
these unique factors in such a way that barriers of time and location are removed from
health care provision. It aims to improve health care and make it available at any time, to

anyone, living anywhere.

These early initiatives by Cell-Life and Mobile Researcher showed great potential and
ultimately influenced our decision to use mobile phones to collect our research data. This
thesis implements and evaluates the use of mobile phones as research instruments with
which to collect and analyse information for research in low-resource South African
settings. This primary aim was achieved through the completion of three studies, each
designed to address one aspect of the use of mobile phones for this purpose.
1. How does the use of mobile phones for data collection impact on costs, quality
and time-to-availability of data?
2. What perceptions do vulnerable communities and fieldworkers in rural South
Africa hold about mobile phones as a data-collection tool?
3. Can mobile phones be used by adolescents to complete self-report surveys

unaided?
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4. What are the policy and research agenda implications of this research?

These general objectives are designed to examine different facets of the primary aim.

The thesis by publication was undertaken in the School of Public Health at the University
of the Witwatersrand. Part 1 is composed of two chapters. The first, Chapter 1, provides a
contextual background to the evolution of technology through time. Chapter 2 builds on
this introduction by presenting a summary of published literature in the field of mobile
data-collection methods. It relies primarily on peer-reviewed articles but, where
appropriate, draws on work from other publication sources. Part 2 (chapters 3 to 7) forms
the body of this thesis. Each chapter presents one of the five submitted journal papers
that were generated from this research. Chapter 3 is a research letter titled “Using mobile
phones for adolescent research in low and middle-income countries: preliminary findings
from the Birth to Twenty cohort, South Africa.” and was published in the Journal of
Adolescent Health. It presents data collected on mobile-phone ownership and use in the
Birth to Twenty cohort. Chapter 4 is under review for publication in the International
Journal of Social Research Methodology. The research presented is a follow-on study of
the pilot work presented in Chapter 3. The publication is titled “On the move: Mobile
phones as a platform for the delivery of questionnaires to young adults”. Chapter 5, titled
“Collecting maternal health information from HIV- positive pregnant women using
mobile-phone-assisted face-to-face interviews in Southern Africa” is under review for
publication in the Journal of Medical Internet Research. The chapter presents a cross-
sectional study on the views of HIV-positive pregnant women about being interviewed

using a mobile-phone survey. Chapter 6 has been accepted for publication in the journal
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of Field Methods. Titled “Collecting health research data: Comparing paper-and-pen to
mobile-phone-assisted data collection”, the chapter describes the differences in cost and
data accuracy achieved using pen-and-paper and mobile-phone surveys. Chapter 7 was
published in a special eHealth-themed issue of the WHO Bulletin. The paper presents
seven key considerations to be taken into account when formulating a research agenda
for mHealth. The paper was titled “Point of care in your pocket: A research agenda for the
field of mHealth”. Finally, in Part 3, Chapter 8 concludes with a synthesis of the findings
from the papers presented in Part 2 and returns to address the primary aim of this
research. It provides a reference point for looking back on what has been learnt, while at

the same time suggesting some of the steps that now need to be taken.
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Chapter 1: Introduction

This chapter presents a framework in which to situate the studies undertaken in this
thesis. The core of this dissertation is organised around three primary themes: survey
research, pervasive computing and mobile phones applied to health research. To traverse
these seemingly disparate content areas successfully, the organisation of this chapter
reflects these themes and presents an overview of the relevant literature, divided into
five sections. The first two sections provide an introduction to the conceptual frameworks
underpinning this thesis; the third explores the use and impact of mobile phones in Sub-
Saharan Africa; the fourth ties together survey research and pervasive computing by
considering the convergence of mobile phones and survey data collection; and the final

section presents a summary of key points from the literature.

1.1 Technology through the Ages
The most profound technologies are those that disappear. They weave themselves into the
fabric of everyday life until they are indistinguishable from it.

Mark Weiser

To locate the current study of mobile-phone data collection within both the health
research field and the broader trends of computing, it is necessary first to provide an
overview of the field of pervasive computing which aims to deliver information to
computer users wherever and whenever they might need it* P13) T achieve this goal, the
section begins with providing some background to the concept of technological evolution.

This framework is then used to examine how advances in technology have specifically
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impacted on the development of computing devices. A framework for understanding
these advances is then offered with the aim of describing the field of pervasive

computing. Finally, mobile phones are discussed within the context of health research.

1.1.1 Theory of technological evolution
In 1859 Charles Darwin published On the Origin of Species, in which he outlined his theory
of evolutionary biology”. Four years later in a newspaper article, Samuel Butler
commented that although machines are inanimate, they themselves may be governed by
similar evolutionary processes®. Nearly 100 years passed before this concept of
technological evolution was described in the scientific literature by the Czech
philosopher, Radovan Richta. He proposed that technology, defined as a material entity
created by the application of mental and physical effort to nature in order to achieve some

7(p13)

value, evolved through three stages. The first era of human technological advance

I”

was the “tool”. These assistive devices gave early humans a mechanical advantage with
which to complete physical tasks. Examples given by Richta include the container, spear,
arrow and plough. In the second technological era, tools were joined by machines. What
distinguishes a tool from a machine is that tools are powered by human or animal effort,
while machines are self-powered, relying on an operator only to control their function.
Examples include motorbikes, aeroplanes, computers and stoves. The third era of
technological evolution proposed by Richta is automation. Having removed the need for
direct human physical effort when moving from tool to machine, automation removes the
need for human control of machines. Examples of this type of technology include
computer programs, robotic vacuum cleaners and pacemakers. Richta makes the point

that all three eras or stages simply highlight the introduction of different classes of

technology, each overlapping and evolving from what came before and all still in common
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use. A nail and a computer keyboard, although created many years apart, are both
examples of tools in use today. As noted astutely by McLennan®, technology has evolved
so rapidly that we exist today in an era beyond the three-stage model proposed by Richta.
Many of today’s technological breakthroughs are made by automated machines that we

have designed.

The model proposed by Richta is therefore useful only up to a point. He provides no
means by which to predict how new machines arise or evolve from current models, what
sparks innovation or what factors led to humans progressing through the three stages
proposed by his theory. Two competing theories of change arose to address these issues.
The first postulates that technology changes in small, continuous, incremental shifts; the
other that long periods of equilibrium and stability are punctuated by rapid revolutionary

9,10

change™ . Slow, incremental change is grounded in the Darwinian concept of gradualism.

11,12

Change is continuous, incremental and cumulative. Punctuated equilibrium suggests

that change can sometimes be slow and incremental while at other times rapid and

abrupt. This paradigm was modelled to an S-Curve (logistic curve) function™>**

. Initially,
new technology struggles to improve upon the performance of existing technologies.
Slow improvement is followed by rapid and disruptive growth in the maturity of this new
technology, which sees it supersede the capabilities of what old technologies could

achieve. This growth is then followed after some variable time by a period of stagnation

(Figure 1.1).
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Time or Engineering Effort

Figure 1.1. The S-Curve theory of technological advancement™

The logistic model is not without its critics. A historical review of performance trends in
computer memory, desktop printers and display monitors led Sood and Tellis* to
conclude that rather than an S-Shape, punctuated equilibrium should be modelled by a
step function. Long periods of stagnation in performance are interspersed with large
“jumps” in performance and innovation before returning to a state of low innovation.
They also conclude that new technologies may enter above or below the performance of
existing technologies and do not necessarily have only one crossing point. An old
technology may enter a period of renewed innovation, placing it above the new

technology in terms of performance or functionality.

The discontinuity of each new technology as demonstrated in Figure 1.1, is discounted by

16 (p21)

1 . . . . . .
Basalla'®. Rather than the heroic view of invention where new discoveries emerge

fully formed from the minds of brilliant individuals, he suggests that technological
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evolution happens in a continuous manner with each new technology emerging from its
antecedents. Gilfillan provides an early example of this by tracing the evolution of early
dugout canoes to modern-day ships®’. Arthur supports this continuous view of
development with a theory he describes as combinatorial evolution®®. His basic premise is
that newer technologies evolve from previous technologies through novel recombination.
Arthur argues that technologies are like building blocks. They can be combined and
recombined to produce improved technologies. Every now and again a novel combination
of building blocks allows us to capture new phenomena. Encapsulating these building
blocks into a new block allow for the possibility that a whole new range of combinations
will occur. A simple analogy can be drawn with organic chemistry. Simpler molecules
(hard drives, fans, microprocessors) can be put together to form new molecular
combinations (the computer), which can again be combined to produce further new
molecules (the Internet)™®. Strong arguments are made to support both the view that
change happens in disruptive bursts or that it occurs through small incremental changes.
A more balanced view would be not to consider these processes as mutually exclusive but
rather complementary. The implications of this idea for the work of this thesis are that
any new methods that are developed for the collection of data are most likely to emerge
from the novel combination of already existing technologies and methods (see Figure

1.2).
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Figure 1.2. The continuous evolution of Australian aboriginal weapons as arranged by
Pitt-Rivers (1906). Radiating out from the simple stick are war clubs, boomerangs,
lances, throwing sticks and shields'®

In summary, over a relatively short period of historical time technology has progressed
from simple tools to complicated automatic machines. This process has occurred through
four main mechanisms: 1) standard engineering, i.e. small, incremental fixes and
improvements; 2) the invention of fundamentally new technologies; 3) structural
deepening, i.e. basic technology adding new features over time (for example, an
automobile costs about the same now (in real terms) as when it was invented but what
you get for your money is much greater); 4) an emerging body of technologies building up

over time and transforming the industries that give rise to them®®.



1.1.2 The three revolutions of computing

Having outlined the thinking on evolutionary theory of general technological progress,

specific attention is now paid to how this theory has played out in the development of

computing devices. The history of computing, culminating in computers being an

everyday tool in many people’s personal and professional lives, can be broadly described

in terms of three distinct waves (Figure 1.3).
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Figure 1.3. The three revolutions of computing. Adapted from Weiser

The first wave of computing, from the 1940s to the beginning of the 1980s, comprised of

large room-size mainframe computers designed to be used by a number of people. This

one-machine, many-users paradigm began to shift in the 1980s with the arrival of the

personal desktop computer. Decreasing hardware size and availability at consumer-level

prices meant that each individual could now own and interact with his or her own

computer (one-machine, one-user). Not everyone was convinced that this new paradigm
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had merit. As Ken Olson, one time president, chairman and founder of Digital Equipment
Corporation now infamously quipped in 1977, There is no reason anyone would want a
computer in their home 20(8) As it turned out, he and many others were wrong, and were

overtaken by the second wave of computing.

Like the shift from the first to the second wave, there was much debate as to what would
succeed desktop computers. In the 1980s two views prevailed. The first view was that
computers, through improved software, would become intelligent agents with whom we

interacted directly21’22

. Using the metaphor of a smart robotic butler, this vision for the
future was one where computers retained their physical presence and allowed us to
interact intelligently with them in a one-on-one manner. This view was supported by
those who described machines of the future with phrases like intimate computer23, or
rather like a human assistant**. The second view, favoured by Mark Weiser, the father of
pervasive computing, was that computers would physically disappear from our
awareness. He hypothesised that miniature computers would proliferate, becoming
embedded in everyday objects such as clothes, beds, pens and shoes®>. These devices
would work non-intrusively and invisibly throughout our physical environment, collecting
data and providing services. Computers would no longer be disconnected tools confined
to a desktop but would rather become networked and pervasive, and would penetrate
the environment around us. Thus in Weiser’s view, the third wave of computing would
come to be represented by many computers being used by one individual. Weiser thus

argued that the defining words of the third wave would not be intelligent or agent, but

rather invisible and connection®*.
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Although used widely and interchangeably, there is a subtle difference in the concepts
put forward by ubiquitous and pervasive computing. Although they share the same goal
of having computers available everywhere at every time,”® the primary difference is that
pervasive computing more often refers to devices carried on one’s person, like the mobile
phones of today. Ubiquitous computing in its strictest sense refers to a world in which we

interact with devices embedded in the world around us.

1.1.3 Pervasive computing
Although ongoing research supports both the intelligent agent and ubiquitous computing
views, the conceptual paradigm of pervasive computing is of greatest relevance to this
dissertation. Consideration of anthropological literature on people’s work life led Weiser
to the conclusion that people work mainly in a collaborative environment on shared
problems with computer interaction at the forefront of attention. These computer
interactions were often found to get in the way of work?> with people spending more
time on trying to get the technology to work than on the actual work itself. Weiser
suggested that as devices became smaller, more mobile and less expensive, people would
stop being aware that they were working on a computer. Instead, people would interact
with computers without ever becoming aware of the computers’ presence. He
maintained that the goal of pervasive computing would be achieved when users were no
longer aware of the fact that they were interacting with a computer. At the All Things
Digital conference in 2010, Steve Jobs presented the following analogy of the current shift
beyond the desktop computer. When we were an agrarian nation, all cars were trucks.
But as people moved more towards urban centres, people started to get into cars. | think

PCs are going to be like trucks. Less people will need them®’. The maturation and
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availability of two technologies, distributed computer networking and mobile computing,
are at the heart of the shift away from the desktop model.

A combination of the two has enabled the move towards a pervasive computing
paradigm. Distributed computer networking allows networked computers to share
resources, access remote information and communicate with other connected
computers, whether by wire or wireless networks. Through a simple mechanism designed
to locate resources available on the network, the web has integrated information
distributed between many computers into a single addressable structure. Distributed
computing itself relies on the technologies of remote communication — having to device
communicate with each other from a distance, fault tolerance — techniques for detecting
the inaccurate transmission of information and resending a corrected copy, high
availability — increasing the amount of time a machine is responsive and functional,
remote information access and distributed security for communication. The
predominance of the World Wide Web has seen it become the primary network through

which devices connect with each other?®%.

The emergence of portable devices such as laptops and early mobile phones linked to
wireless networks produced a new set of challenges not faced by desk-bound computers
networked together by cable. In particular, four key challenges are introduced by device
mobility3°'31.
e Mobile systems are resource-limited

Mobile devices are both smaller in dimension and lighter in weight than desktop

machines. These physical limitations reduce the computational resources of the

device. Although processor speed, memory resources and disk size will continue
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to improve on mobile devices, they will always be relatively limited when

compared with desktop computers.

Mobile systems have a finite energy source

Large displays, background application tasks and sensors built into mobile devices
all require energy. Relying on the finite source of energy provided by battery
power has implications for both hardware and software design.

Mobile systems have variable connectivity

Network strength and availability are variable for non-wired devices. In some
cases, users may choose to turn off network connectivity. Managing this variability
is an important issue in mobile computing.

Mobile systems are less secure

Desktop computers are inherently more secure than mobile devices as physical
access has to be gained to the building in which the machine is housed. With
mobile devices, the risk is much higher for unintended access to information

through loss or theft, due to the open environment in which they are used.

In addition to the technologies associated with distributed networking, mobile computing

relies on five further innovations to address the issues listed above. Broadly these can be

described as mobile networking, mobile information access, support for adaptive

applications, system-level energy saving and location sensitivityzg. Together the advances

in distributed networking and mobile computing have made portable devices such as

mobile phones and tablets possible, while at the same time hiding much of the

complexity involved. The possibilities offered and challenges faced by devices that are
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mobile, simple to use and widely available in our environment are the concern of

pervasive computing researchers.

One area in which pervasive computing has expanded on previous work is the notion of a
context-aware device®”. Due to the increased mobility of devices, the context in which
they are used changes constantly. To best support the user in these changing contexts, a
device automatically needs to be able to discover and track changes to people, objects
and resources in close proximity to it*. Put simply, devices must “gain awareness” as to
where you are, who you are with and what resources you are near. Schmidt?* emphasises
that context is more than simply knowing the device’s physical location. Figure 1.4 depicts
his working model for context. It includes both physical environment (conditions,
surrounding infrastructure and location) and human factors (user, social environment and
task). In Schmidt’s model, a fully described local context can be achieved through the

monitoring of both human and physical factors.
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Figure 1.4. A working model of how context can be ascertained by mobile devices>*

Location
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¢ Human contextual factors

Human factors can be classified into three categories: user information, user’s
social environment and the user’s tasks. User information describes the user’s
habits, emotional state and physiological condition. Knowledge of a user’s social
environment would allow the device to monitor who else is around, ongoing
social interaction between users, and group dynamics. The final category allows

the device to determine what tasks the user is engaging in.

¢ Physical environment

The physical environment is also important in relation to context. The three
environmental factors are location, awareness of surrounding resources and
awareness of physical conditions. Location is critical to context, and it includes
the user’s absolute geographic position and his or her position relative to other
people and resources. This positioning information facilitates an awareness of
surrounding resources and infrastructure. For example, if a wireless network is
available, the device should become aware of it. Finally, the device should be

aware of physical conditions such as sound, light, movement and temperature.

The development of inexpensive, portable and powerful devices open many new
opportunities within the field health research. The term health research, otherwise
known as medical or clinical research, refers to research that is done to learn more about
human health. Health research aims to better understand how to prevent and treat

disease. Health research is an important way to help improve the care and treatment of
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people worldwide. The relevance of pervasive computing and contextually aware devices
such as mobile phones for health research can first be seen in the work of Pentland and
one of his PhD students, Nathan Eagle. Coining the term reality mining, Pentland realised
that the data generated by the rise of pervasive computing may reveal interesting
patterns and insights about people and communities. Eagle defines reality mining as
the collection of machine-sensed environmental data pertaining to human social
behavior. This new paradigm of data mining makes possible the modeling of
conversation context, proximity sensing, and temporospatial location throughout

large communities of individuals.3® (P22&2Ph 1)

Mobile phones are currently the most valuable and widely available source for acquiring
both user initiated (cell, SMS) and non-initiated (on-board sensors) data about a user’s
physical and logical context®. There are three reasons for this. Firstly, sensors capable of
recording both physical and logical context are commonly available in mobile phones
through the inclusion of cameras, microphones, light sensors, accelerometers and Global

3739 Data detected by these sensors can be queried to

Positioning System (GPS) chips
gain insight into human behaviour. The second factor that lends mobile phones to the

task of acquiring user data is their mobility *°. Finally mobile phones are widely available

in modern society.

The current challenge for researchers in this field is how to take the flood of discrete data

events emanating from the multitude of mobile sensors and transform them into a

meaningful real-world event. The example given by Ye*! is the process of integrating
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individual pieces of sensor data about heart rate, body position, galvanic skin response

and blood pressure as they relate to the situation heart attack.

1.1.4 Summary
This section introduced how technology advanced through small incremental
combinations of existing ideas and techniques. The theory of technological evolution was
described in some detail. This theory was used to underpin the three evolutionary stages
computers have undergone in the past 70 years. Early mainframes where one machine
served many people gave way in the 1980s to personal desktop computers used in a one-
on-one manner. Now, as we enter the third stage, devices will become even more
ubiquitous and pervasive in our environment. Individuals will each be served by a large
number of computing devices. The section concluded with a discussion on the importance
of pervasive devices being “context-aware” and how this awareness will play out with

respect to the most common pervasive device available at present — the mobile phone.

Running in parallel to the opportunities presented by each new wave of technology are
the traditional challenges faced by researchers interested in understanding population-
level health outcomes when collecting large-scale survey data. Managing geographically
dispersed field teams, keeping track of surveys from interview through to data capture
and implementing effective quality-assurance checks are some of the familiar challenges
faced by these researchers. As new technology has become available, researchers have
moved quickly to innovate in the hope of expediting the process and improving data

guality. With advancements in mobile technology, this study implemented and evaluated
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the use of mobile phones as research instruments with which to collect and analyse

information for research in low-resource Sub-Saharan African settings.
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Chapter 2: Literature Review

2.1 Theoretical Framework for Quantitative Survey Data Collection
The movement to computer-based survey methods is not an option. It seems as
inexorable as the transition to computers in most other organized human activities in
modern society. The issue is not whether this change will occur but

what its effects will be. — Mick Couper **

Social, economic, public opinion and health research all share the survey questionnaire as
a primary data-collection tool. The field of survey methodology is broad in its scope. The
primary methodological concern is identifying and minimising sources of error in order to
improve the accuracy and validity of responses. Questionnaire design, sources of survey
error, sampling frames, data-collection methods and post-collection processing of data
are all of interest to researchers in the field. This section introduces the concepts relevant
to understanding the impact that the choice of data-collection method has on the quality
of the survey response. The conceptual frameworks introduced are drawn upon in the
discussion to evaluate how the use of mobile phones in health survey research impacts on
data quality. The section ends with an examination of how mobile phones, as extensions
of computer-aided personal interviewing, compare with other better known methods of

data collection.
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2.1.1 The Total Survey Error framework
Up until the late 19th century very little attention was given to the wording and
structuring of health research surveys. Armed with a set of objectives such as age,
occupation and education, researchers would create their questions during face-to-face
interviews with participants. Standardised questioning came about as the result of work
performed by psychometricians interested in quantifying human intelligence. Still, until
the advent of the Likert scale®?, surveys were long, cumbersome and time-consuming to

administer®*.

Despite question design having remained more or less unchanged over the past 80 years,
many new data-collection methods have emerged during this time. In the mid-1940s,
Deming45 was one of the first to note the influence that these new methods of data
collection were having on survey responses. In a list of 13 factors influencing the
usefulness of a survey, Deming suggests that the problem is not whether differences exist
[between data collection methods] but how great the differences are, and why do they
exist (p362). Deming’s paper was one of the first to recognise and acknowledge that
surveys included both sampling and non-sampling error. In 1979, Anderson, Kasper, and
Frankel *® introduced the Total Survey Error (TSE) framework. The framework attempts to
include the impact of a variety of error sources on survey estimates and is currently the

4748 The TSE paradigm aims to

dominant paradigm within the field of survey methodology
facilitate the optimal allocation of resources in such a way as to minimise total survey
error. This is achieved in practice by firstly trying to identify major sources of error that

may have been introduced through research and survey design. Study resources can then

be optimally allocated to activities that reduce these errors, while remaining within
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447 The sources of error that

specified cost limitations and data-collection timelines
make up TSE have been classified in various ways by different researchers (in the context
of TSE, errors need to be understood as differences between the obtained value and the
true value, rather than mistakes™). In the first edition of Survey Errors and Survey Costs
(2004), Groves**, building on the work of Kish®>® and Anderson et al.*®, identifies four types
of error: coverage error, non-response error, sampling error and measurement error. In a
second edition, Groves adds processing error and validity to his typology.
e Coverage error

Coverage errors, non-response errors and sampling errors are three types of error

that can be introduced through non-observation. Coverage errors occur when not

everyone in the population of interest is given a chance to be selected into the

sample. Such omissions have an impact on the ability to generalise the results

obtained***!

as the sample is no longer representative. Obtaining national
estimates from a web survey, where the online population is known not to
approximate the general population, would introduce such an error.

¢ Non-response error
Two types of non-response error have been identified. The first, unit-level non-
response, occurs when participants in a randomly selected sample choose not to
participate in a non-random way. When actual respondents vary systematically
from those of the initial sample, the respondents may not be representative and
may introduce a survey bias. Fricker et al.*? noted such a finding in a 2005 mode
comparison study. The responding portion of the sample contained a higher
proportion of highly educated, middle-aged female participants than the non-

responding portion. In contrast to unit-level non-response, item-level non-
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response occurs through the selective skipping of certain survey items by a
homogenous group within the sample.

Sampling

The most widely known source of survey errors is sampling error. Sampling errors
arise when resources are not sufficient to survey the entire population of interest.
Controlling for cost, a sample of the population is selected. If the sample is not
completely representative, sampling error arises. This error can be calculated for
randomly selected probability samples, but is not measurable in non-probability
samples (as are most online surveys)®.

Measurement error

Measurement error relates to any inaccuracy between the true value and the
recorded value that arises during the measurement process. These errors can be
introduced by the survey instrument being poorly designed, worded or laid out; by
the effect the interviewer has on the participant; by respondents being unwilling
or incapable of responding clearly and truthfully; and finally, by the mode of data
collection used. The mode of data collection is an important factor as it influences
both the presentation and the role of the interviewer . Theory that underpins
how the mode of data collection exerts its influence will be examined in more
detail shortly.

Post-survey error

Not included in early TSE typologies, post-survey errors are important and their
presence and impact should not be underestimated. Errors of this type can be

introduced at data-processing and survey-reporting stages49. During data
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processing, editing and cleaning should be done carefully so as not to “over clean”
the data and thereby introduce unwanted errors.

o Validity
In his initial conceptualisation (see Figure 2.1), Groves divides all errors into those
of variance and bias. Each is then subdivided into errors of observation and errors
of non-observation. The final level of disaggregation is covered by the
classification detailed above. In his later work, Groves reconstructs the concept of
variance as validity, drawing on the language of psychometrics®®. In this context,
validity is used to refer to the gap introduced between construct and
measurement. For example, if a researcher is interested in the abstract concept of
artistic ability, then a great deal of effort would need to go towards creating a
survey instrument capable of fully capturing this ability. If the final measurement
does not adequately measure artistic ability, a bias is introduced. The test is said

to lack construct vaIiditySS.

| V——
l Mean Square Error [

W A 4

Variance Bias

Errors of Observational Errors of Observational
Nonobservation Errors Nonobservation Errors
| I | |
¥ v v v v v v v v % v v v 7

Coverage MNonresponse  Sampling Interviewer Respondent Instrument Mode Coverage Nonresponse Sampling Interviewer Respondent Instrument Mode

Figure 2.1. Groves's (1989) conceptual framework for calculating total survey error
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2.1.2 Multidimensional frameworks for assessing data quality
Despite the widespread use of the TSE framework, it has been criticised for not taking a
broad enough perspective on what contributes to survey quality. In addition to error, the
relevance of the information (the degree to which data meets the needs of its end user)
and the credibility of the data-collection process are equally important®®. Juran and
Gryna54 were among the first to consider data quality in this wider context. They
advanced the idea that data quality should take into account its fitness for use. This
implies that, depending on the intended use of data, different perspectives may be held
on what quality means. Biemer®’ advances this thesis by suggesting that data users and
data producers hold different notions of what constitutes data quality. For data
producers, data accuracy is often a key concern. A large proportion of resources is
therefore often allocated to improving sample size, coverage, response rates and other
drivers of data accuracy (through the reduction of errors). For users, the usefulness of the
data is often paramount. So from this perspective, timeliness, supporting documentation

and accessibility are considered important elements of high-quality data.

The TSE only considers data quality from a producer perspective. Biemer and Lyberg™
reason that the TSE framework needs to be replaced by a more multidimensional quality
model that focuses on measures for assessing quality with respect to the fitness of data
to its intended use by data users. By concentrating on the fitness of data for its intended
use, study design could strive to meet the requirements of users, both with respect to the
accuracy of data and in relation to other dimensions of quality (e.g. relevance,
interpretability, data security and timeliness). Through this lens, the relative merits of

competing data-quality dimensions would need to be assessed in the context of the
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study. Ensuring quality on one dimension (completeness) may be at odds with ensuring

quality on a second dimension (timeliness). There are a number of multidimensional

quality frameworks that have emerged to address these concerns with TSE **°°. Common

dimensions along which data quality is measured are listed in Table 2.1.

Table 2.1. Common dimensions that impact survey data quality >**°

Dimension Description

Believability Data collected by a credible institution are considered to be
trustworthy.

Accuracy The total survey error (TSE). A lower TSE is synonymous with
improved accuracy.

Relevance Data are relevant and fit for its intended use.

Timeliness Data are available in a timeframe that is sensitive to the urgency with
which data is needed.

Completeness Surveys are broad enough in range to allow key objectives to be

addressed while at the same time not overburdening participants
with irrelevant items not likely ever to be included in an analysis.

Interpretability Good documentation and clear metadata are provided.

Accessibility Suitable data-curation procedures are applied in such a way as to
make data access user-friendly.
Data Security Data are kept in a secure environment with participant identifiers

stored separately.

Maximising data quality is always counterbalanced by the need to limit survey costs™.
One of the key decisions affecting the cost of a survey is the method used to collect the
data. In this respect, researchers have a wide and ever-increasing range of methods from
which to choose. Traditionally, the most commonly used methods or ‘modes’ of data
collection have included face-to-face, fixed-line telephone and mail. The evolution of
mainframe to desktop computing (described previously) allowed a new range of
complementary computerised techniques to emerge that are collectively known as
computer-assisted survey information collection (CASIC). Among the most widely

researched and adopted of these techniques are computer-assisted personal interviewing
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(CAPI), computer-assisted self-interviewing (CASI) and computer-assisted telephonic

interviewing (CATI)..

The rise of the Internet spawned its own set of techniques. Jointly known as online

%283 The third wave of

surveys, they include web, email and social network-based surveys
development in computer technology has ushered in a third set of techniques for
collecting survey data. The key distinguishing feature of these methods is that they
embrace the mobility of pervasive devices®. It is into this category that the mode of
interest in this thesis falls, namely mobile-phone interviewing. By leveraging one of the
many communication channels available on mobile phones (e.g. text message, voice,
Internet survey and software application), it is possible to collect survey data. It is well
established that the data-collection method can affect the quality of the responses

received. To understand the implications for mobile-phone surveys, the existing theory on

the impact of the mode of data collection on data quality is reviewed below.

2.1.3 Theoretical impact of survey mode on survey error and data quality
Survey data-collection modes vary in the method used to contact participants, in the
presentation of the questionnaire, and in the way in which questions are administered.
These variations give each data-collection mode a unique set of advantages,
disadvantages and costs. They also introduce the theoretical question of whether or not
response is affected by mode. The answer to this question has been studied extensively®*
3 A brief summary of these findings is presented in the next section. A drawback to only
performing comparison studies between two different modes of data collection is that
the continuous proliferation of new technigques means constantly assessing the impact of

these new methods on data accuracy, quality and costs. An alternative, complementary

27



approach is the use of a theoretical model to inform expectations of how a new method
might affect the data collected. Groves et al.”* provide a useful taxonomy of the modes
available in 2004 (Figure 2.2). The diagram promotes a better understanding of how new
methods have arisen from the adaptation of older methods. Groves identifies mail,
telephone and face-to-face interviewing as the cornerstone methods. This would imply
that what we know about the impact of telephone surveys on data accuracy (e.g. sample

coverage) could equally be applied to interactive voice response (IVR) data-collection

systems.
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Figure 2.2." The evolution of survey technology from the use of paper to computers >*

' OCR/ICR — Optical character recognition / Intelligent character recognition

CSAQ — Computerized self-administered questionnaires

CASI — Computer-assisted self-interviewing

CATI — Computer-assisted telephone interviewing

TDE — Touchtone data entry

IVR/T-ACASI — Interactive voice response / Telephone-audio computer-assisted self-interviewing
CAPI — Computer-assisted personal interviewing

SAQ — Self-administered questionnaires
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Although useful, the approach is limited in its application as it does not make clear where
new methods should be situated in this taxonomy. De Leeuw’? suggests a more

generalisable model by defining three characteristics that differ by mode (Figure 2.3).

Media Related Factors Information Transmission Interviewer Impact
*  Familiarity * Available channels *  Presence of
¢  Locus of control *  Presentation of interviewer
Conventions about: stimuli e Effect of specific
¢ Silence ¢ Regulation of

e Sincerity

Data
Quality

Figure 2.3. De Leeuw's model of mode characteristics influencing data quality 72 (p19)

e Media-related factors
Communication channels are each governed by different sets of social
conventions. Thus, receiving an email may be met with the expectation of a
prompt reply, while a snail-mail letter may not. These conventions can shift
through time and are related to the familiarity people have with the medium. De
Leeuw argues that the channel of communication also mediates the acceptability
of long silences and the sincerity with which people receive a request for

participation. Finally, locus-of-control is affected by the communication channel
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chosen. In a mail survey, locus-of-control rests completely with the participant,
while a shared locus-of-control exists in a face-to-face interview.

Information transmission

In addition to social conventions associated with the communication channel
used, the second component of this model focuses on technical features of the
mode in question. All communication happens through one of three channels:
verbal, non-verbal and paralinguistic (emotional tone, timing of speech, emphasis,
etc.). Depending on the choice of mode, certain information from one of these
three channels may be lost. Further, in some modes the order in which questions
are presented can be controlled by the participant, while in other situations the
order is carefully controlled by the interviewer. In a similar vein, regulation of
communication flow can be managed in some modes but not in others.
Collectively, these features all affect the quantity and quality of the information
that can be transmitted.

Interviewer impact

The importance of the presence or absence of an interviewer is further highlighted
in this model by the inclusion of a factor relating exclusively to the impact of the
interviewer. The distinction between interviews that include an interviewer and
those that don’t is known as “interviewer-led” versus “self-complete” surveys.
Some studies have found the presence of an interviewer to result in

underreporting of sensitive information’*”>

. Figure 2.4 illustrates this concept
using data from Tourangeau et al. e, Using three different modes (ACASI, CAPI and

CASI), two of which were “self-complete” (ACASI and CASI), a significant difference
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between the responses of men and women was noted in the “interviewer-led”

CAPI survey. The authors offer a number of possible reasons for this finding.
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Figure 2.4. Impact of mode and interviewer presence on mean number of reported
sexual partners’®272

Tourangeau’® suggests the evaluation of new methods along five key dimensions: how
respondents were contacted, the presentational medium, the method of administration,
the sensory input channel, and the response mode. By varying one or more of these
factors in combination with classic face-to-face, mail and telephone surveys, it is possible
to describe and categorise the many data-collection modes available at present. Groves
et al.>" also presents a five-feature model according to which mode comparisons can be
made: degree of interviewer involvement, level of integration with respondent, degree of
privacy, degree of technology and, like De Leeuw, channels of communication. Although

both models offer similar insights into the key features differentiating between data-
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collection modes, neither provides a clear framework for unpacking the influence of

mode on response quality.

To answer this question and better understand how mode affects the process of hearing
a question, formulating a response and answering, an information-processing model can
be used. Summarising seven such models, Jobe’’ distils four discrete processing stages:
comprehension of the question; retrieval of the answer from autobiographical memory;
use of heuristic and decision processes to estimate the answer; and response
formulation”’. Using this generic information-processing model, Tourangeau et al.”®
suggests the framework presented in Figure 2.5 as a way of tying mode (left-hand

column), information processing (middle column) and data quality (right-hand column)

into a unified conceptual framework.

Self- Level 9f

administration Reporting
Privacy
Accuracy
Computerisation Legitimacy
Reliability
Cognitive
Auditory burden Rate of
presentation Missing

Figure 2.5. Tourangeau et al.’s model of how psychological variables, mediated by

mode, affect data quality’®
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The model highlights the role of three key mode features that influence a person’s
psychological appraisal, i.e. a person’s evaluation or appraisal of an event or situation will
cause specific reactions. The psychological appraisal of a situation will cause an
emotional, or affective, response based on that appraisal. In this model these situations
are:

e Whether or not the questionnaire is interviewer- or self-administered

e Whether or not a computer-assisted survey mode is used, and

e Whether or not the questions are presented aurally or visually.

Together these mode features influence the psychological appraisal of the question being
asked. This psychological processing includes:

e The degree to which the method promotes a sense of impersonality or privacy. A
survey that is self-administered increases a respondent’s willingness to report
sensitive information as they experience the interaction as more private than
disclosing to an individual. This response pattern may be driven by the fear of
being embarrassed’®.

e The perceived sense of the legitimacy of the survey that the choice of mode
creates for respondents. The method of data collection can affect this sense of
legitimacy in two ways. If the initial contact is not done in person, the legitimacy
of the survey is harder to establish as respondents will not have access to the
visual cues available in a face-to-face meeting (e.g. uniform, letterheads and
ethics committee stamps). Computerisation may lend further legitimacy to the
study because people tend to assess things that they do not fully understand
favourably.
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e The cognitive burden placed on respondents in order to formulate a response.
Different modes require varying degrees of effort. Reading, listening, keying, or
navigating a web page all place a cognitive load on the respondent. Cognitive
burden can also be increased by poorly designed surveys that make question

comprehension or answer retrieval difficult.

Finally, the model enumerates four indicators of data quality and postulates how the
cognitive tasks associated with responding can influence levels of reporting, accuracy,
reliability and the rate of missing values. Impersonality and legitimacy are hypothesised
to influence survey response rates and data accuracy, while cognitive burden decreased
survey quality through its interplay with the reliability of responses and item non-
response rates’®. Robling et al.” recently made some notable additions to this model. The
first amendment they suggest is to separate the role of psychological appraisal
(impersonality, legitimacy and cognitive burden) from response. The authors focus their
attention on three general theories of response formation.
e Taking the easy way out
Optimizing and satisficing define the two ends on the “thoughtfulness of
response” continuum. Depending on the complexity of the question or survey,
respondents may be less diligent about the effort they put into information
retrieval. This leads to incomplete responses and is described formally as
satisficing. Satisficing is a decision-making strategy that aims to achieve only
satisfactory results because the satisfactory position is familiar, hassle-free, and
secure, whereas aiming for the best-achievable result would call for costs, effort,

and incurring of risks. Three factors mediate satisficing: respondent ability,
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respondent motivation and task difficultygo. The mode of data collection interacts
with this continuum through the cognitive burden it places on people to respond.
Dillman and Smith®! report that an online web survey study increased the
percentage of correctly formatted date responses from 45% to 96% by changing
the way the question was presented. Though question layout, the preferred
format reduced cognitive load and led to improved data quality.

Social Desirability

Mode effect, in particular the presence of an interviewer, is well known to affect
the social desirability of responses. This tendency for individuals to present
themselves in a socially desirable way is particularly pronounced when asking
about sensitive information.

Acquiescence

Dichotomous questions (e.g. yes/no, agree/disagree) are popular among survey
designers. They are, however, controversial as this type of question format is
known to increase acquiescence, defined as the tendency to agree with a
statement. Acquiescence is effected by personality, culture and educational

level®2.

2.1.4 Practical implications of the theoretical frameworks
To explore the practical implications of Tourangeau et al.’s conceptual model, a brief
overview of relevant comparative studies is provided next. Specific attention is given to
survey administration, response rates and survey mode characteristics, in particular item

non-response.

Survey administration
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Face-to-face interviewing, where an interviewer uses paper and pen to record the
responses of an interviewee, predates all other survey modes. Through time, face-to-face
interviewing has forked into two main branches. Computer-assisted personal interviewing
(CAPI) is a form of face-to-face interviewing where an interviewer uses a computer as a
replacement for a paper questionnaire. The interviewer reads questions off the screen
and captures responses onto the computer or similar device. Computer-assisted self-
interviewing (CASI, sometimes called self-administered questionnaires or SAQ) describes
the second branch of face-to-face interviews. This method requires the interviewee to sit
in front of a computer screen and self-complete a questionnaire. The questionnaire may
be presented on the screen using text (T-CASI), audio prompts (A-CASI) or video (V-

CASI)*.

Mail surveys have given rise to the second major branch of new survey modes. From
computer disk by mail in the 1980s to email in the 1990s and now web surveys at the
start of the 21% century, the principle of sending a survey to participants and waiting for
them to return their answers endures °*. Email and web surveys, which rely on the
Internet, are finding increasing use, with particular importance in assessing public

opinion83.

As with the other survey modes, telephonic surveys have embraced technology to
produce a number of hybrid modes. Computer-assisted telephonic interviews (CATI) rely
on software to display and record item responses. Touchtone data entry (TDE) and
interactive voice response (IVR) systems differ only in the way data is entered into the

system. With TDE, participants key in their response on the handset. Slight variations in
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tone represent the key that was pressed. IVR systems use automated text-to-speech and
voice recognition software to deliver and record participant responses to survey
questions™".

Response rates

In a 45-study meta-analysis comparing the response received using mail, telephone or
face-to-face survey , Hox and De Leeuw ®* report an average face-to-face response rate of
70.3%. This was slightly lower than a previous estimate of 75% (sd = 18)%. Since these
meta-analyses, many other studies have reported similar face-to-face response rates (for
example, 70.7% 8 80% " and 74.5% ). Although often the most expensive, face-to-face
interviews are considered to have the best response rate when compared to mail or

telephone surveyssg.

Response rates for postal mail and web-based surveys have been found to be
considerably lower than face-to-face (FTF) response rates. In a recent meta-analysis of 39
web-versus-mail studies from the past 10 years, Shih and Fan®® report average response
rates of 45% for mail surveys and 34% for web surveys. In a second meta-analysis by Shih
and Fan®! in which 35 email versus paper mail comparison studies were analysed, a
slightly higher response rate of 53% was found for mail survey and 33% for email surveys.
These results are similar to the findings of mail-in response rates of 58% by Goyder ¥/,
email response rates of 39.6% (SD = 19.6%) found by Cook et al.’* and web survey

response rates of 52.5% 3,
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Using data collected from the 2000/2001 Funen County Health Telephonic Survey,
Ekholm et al.® calculated a telephonic-survey response rate of 69.2%. This figure is in

broad agreement with others (cf. 70%%°, 60.2% " and 69% (sd = %19)%).

Item non-response

86
l.

Kaplan et al.” report that in their sample of 601 young women asked about their smoking

behaviour, item non-response was 3.7% for the face-to-face (FTF) group and 17.9% for
the self-administering group (SAQ). Slightly lower rates were found by Tourangeau et al.®
with item non-response in PAPI (2.2%), SAQ (5.4%), CAPI (0.8%) and CASI (2.1%) when
asked about abortion, sexual behaviour and drug use. Some studies report lower item
8

non-response rates for non-sensitive FTF items (for example, 0.4% for medical questions6

and 0.01% for items focused on attitudes toward immigrants®>).

Iltem non-response, as with other self-completion techniques, has been found to be
higher than FTF item non-response where an interviewer can probe for answers. O'Toole
et al.®® report an average item non-response rate of 5.5% over 84 questions in a mail
survey. This is similar to the values reported by Harris et al.”> of 7.1% (+- 12.3%).
Heerwegh and Loosveldt® do not report on item non-response rates, but do report a
breakoff rate of 16.6% for web surveys. This means that 83.4% of the 1 888 people who

logged on to the survey completed the entire survey.

Item non-response for telephonic interviews has been found to be around 1%. Harris et

al.” report item non-response rates of 0.7% (+- 2.39%) in a telephonic survey with 122
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participants on their experience at an inner-city hospital, while O'Toole et al.®® found

similarly low item non-response to a telephonic interview (0.4%).

One of the more recent iterations in survey mode has been the use of mobile phones as
an instrument for the collection of survey data. Derived from the convergence of web and
telephonic survey methodologies, mobile-phone surveying offers a number of alternative
ways to collect data. With mobile Internet now common on all but the most basic of
handsets, survey applications are the most recent way to collect data from users on the

move. The rise of mobile phones in Sub-Saharan Africa will be discussed in section 2.2.

In this section, a theoretical basis has been introduced for understanding the impact that
the data-collection mode has on survey error and data quality. The TSE framework was
referred to as a way to enumerate the various sources of error that appear during the
survey process. This framework was developed by suggesting a shift in focus from survey
error to the multidimensional construct of survey data quality. The section ended with
the theoretical and then the practical influence of data-collection mode on survey data
quality. It is at the interface of survey error, data quality and survey mode that this thesis

positions itself theoretically.
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2.2 Mobile Phones in Sub-Saharan Africa
Poverty is not deprivation. It is isolation.

Malcolm Gladwell®®

Mobile phones have found universal acceptance and rapid global diffusion®’. As of 2011,
there were only slightly fewer mobile phones than people, with six billion mobile-phone
subscriptions. This gives a global mobile-phone penetration rate of 87%. Access in
developing countries is not far behind this global trend, with a penetration rate of 79%. In
2011, broadband mobile Internet access surpassed fixed-line telephones. With over 90%
of the world now living in a place with at least 2G mobile Internet access, the vision that
Weiser proposed over 20 years ago that computing devices would become pervasive and

embedded in our environments, now seems a distinct possibility.
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Figure 2.6. Worldwide growth of mobile phones and mobile broadband over the past

five years®’
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Figure 2.6 provides global summary statistics for information and communications
technology (ICT).The key trend evident is the rise in mobile technologies and the
stagnation of geographically static technologies. This is consistent with the model of
pervasive computing discussed above. The diffusion of mobile communication
technologies has occurred more rapidly than any other technology to date and is now an
essential part of many people’s day-to-day lives®®. Table 2.2 disaggregates the data in
Figure 2.6 by region. On average, 12 out of every 100 people living in low and middle-
income countries had access to a fixed-line telephone in 2011. The average for Africa is
one person in every 100 having a fixed line. In contrast, two thirds of people on the
African continent have a mobile-phone subscription. The average across all developing
nations is 78%. Still far behind in terms of uptake, mobile Internet access shows a similar
pattern of mobile broadband overtaking wired broadband connections in both developed

and developing countries.
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Table 2.2. Key global telecom indicators for the world telecommunication service sector in 2010 as provided by the International
Telecommunication Union

(millions) Per 100 inhabitants

Fixed telephone

lines 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World 1'261 1'254 1'250 1'214 1'189 1'159| 19.2 188 186 17.8 17.2 16.6
Developed? 565 546 544 524 513 494 | 46.5 448 445 42,7 41.6 39.8
Developing® 696 708 705 690 676 665 13 13 128 124 11.9 11.6
Africa 11 11 11 12 12 12 1.5 1.5 1.5 1.6 1.5 1.4
Arab States 31 33 35 34 35 35 9.6 10.1 10.3 9.8 9.8 9.7
Asia & Pacific 577 579 567 547 527 511 | 155 154 149 14.2 13.6 13
CIS 69 72 73 73 73 74| 247 258 26.1 263 26.2 26.3
Europe 273 265 261 255 250 242 | 453 43,7 429 416 407 391
The Americas 284 278 287 275 274 268 | 319 309 315 30 295 28.5
Mobile cellular

subscriptions 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World 2'747 3'370 4'035 4'650 5'373 5'981 | 41.8 50.6 599 68.3 78 86.7
Developed 1'127 1'243 1'328 1'391 1'408 1'461| 929 102 108.5 113.2 114.2 117.8
Developing 1'620 2'127 2'708 3'259 3'965 4'520| 30.2 39.1 49.1 584 70.1 78.8
Africa 129 174 246 296 360 433 | 179 235 324 38 45.2 53
Arab States 126 175 214 264 310 349 | 39.3 53 634 765 879 96.7
Asia & Pacific 1'074 1'398 1'773 2'l61 2'690 2'897 | 28.8 37.1 46.6 56.2 69.2 739
CIS 227 267 313 357 376 399 | 81.8 96.1 1125 128 134.8 143
Europe 610 677 717 725 724 741 | 101.2 111.7 117.7 1184 117.7 1195
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The Americas 553 649 741 814 878 969 62 721 815 885 945 103.3
Active mobile

broadband

subscriptions 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World N/A 268 422 614 870 1'186| N/A 4 6.3 9 126 17
Developed N/A 225 336 450 569 701 | N/A 185 27.4 36.6 46.2 56.5
Developing N/A 43 86 165 301 484 | N/A 0.8 1.6 2.9 5.3 8.5
Africa N/A 2 7 11 20 31| N/A 0.2 0.9 1.4 2.5 3.8
Arab States N/A 3 8 17 36 48 | N/A 0.8 2.4 5 10.2 13.3
Asia & Pacific N/A 116 164 205 289 421 | N/A 3.1 4.3 5.3 7.4 10.7
CIS N/A 1 2 20 31 42 | N/A 0.2 0.8 7.2 11.2 14.9
Europe N/A 89 148 200 254 336 | N/A 147 242 32,6 413 54.1
The Americas N/A 58 93 149 224 286 | N/A 6.4 103 16.2 241 30.5
Fixed (wired)

broadband

subscriptions 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World 284 351 414 472 527 591 4.3 5.3 6.1 6.9 7.6 8.5
Developed 188 223 252 274 291 319 | 155 183 20.6 223 236 25.7
Developing 96 128 162 197 236 272 1.8 2.3 2.9 3.5 4.2 4.8
Africa N/A 1 1 1 1 1 0.1 0.1 0.1 0.1 0.2 0.2
Arab States 2 3 4 6 7 8 0.5 0.9 1.3 1.7 1.9 2.2
Asia & Pacific 103 126 151 181 212 243 2.8 3.3 4 4.7 5.5 6.2
CIS 4 6 12 17 23 27 1.3 2.3 4.5 6.1 8.3 9.6
Europe 89 112 126 137 146 160 | 14.8 184 20.7 224 238 25.8
The Americas 81 99 113 124 131 145 9.1 11 124 135 141 15.5
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Households with

a computer 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World N/A N/A N/A N/A N/A N/A| 27.8 30.2 32.7 347 36.1 38.1
Developed N/A.- N/A N/A N/A N/A N/A 57 623 66.1 691 71.1 74
Developing N/A N/A N/A N/A N/A N/A| 16.2 176 19.8 215 22.7 24.5
Africa N/A.- N/A N/A N/A N/A N/A 3.3 3.8 5.6 6.3 7.1 7.9
Arab States N/A.- N/A N/A N/A N/A N/A| 174 19.7 22.7 25.8 28 30.7
Asia & Pacific N/A- N/A N/A N/A N/A N/A| 213 226 244 26.2 269 28.5
CIS N/A- N/A  N/A N/A N/A N/A| 122 246 31.8 36.8 39.2 43.8
Europe N/A- N/A N/A N/A N/A N/A| 563 61.2 651 685 719 75.5
The Americas N/A- N/A  N/A N/A N/A N/A| 42.8 455 48.1 493 515 53.6
Households with

Internet access

at home 2006 2007 2008 2009 2010 2011* | 2006 2007 2008 2009 2010 2011*
World N/A- N/A N/A N/A N/A N/A | 20.2 23 25.2 27.6 302 34.4
Developed N/A- N/A N/A N/A N/A N/A| 46.8 534 57.7 62,6 66.5 71.4
Developing N/A- N/A N/A N/A N/A N/A 96 11.2 126 141 164 20.5
Africa N/A- N/A N/A N/A N/A N/A 1.3 1.7 2.6 3.4 4.3 5.7
Arab States N/A.- N/A N/A N/A N/A N/A| 109 129 147 182 21.7 26.1
Asia & Pacific N/A- N/A N/A N/A N/A N/A| 13,5 15.8 17 185 205 24.9
CIS N/A.- N/A N/A N/A N/A N/A 6.7 16.8 20.7 27 323 38.5
Europe N/A- N/A N/A N/A N/A N/A| 46.4 517 57.7 624 67.8 72.2
The Americas N/J/A N/A  N/A N/A N/A N/A| 345 36.8 389 42 45 49.7

Note: * Estimate.

N/A: Not available.

®The developed/developing country classifications are based on the UN M49, see: http://www.itu.int/ITU-
D/ict/definitions/regions/index.html.
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2.2.1 Mobile phones for development
Until the middle to late 2000s, mobile phones inspired much less scientific research than
the Internet. For example, Manuel Castells’ influential and ambitious trilogy Information
Age®®, published in 1996, concentrates primarily on Internet technologies and pays little

attention to the potential of mobile phones. The sentiment is echoed by Townsend:

The advent of inexpensive mass-produced mobile communications in particular,
has avoided scholarly attention, perhaps because it seems pedestrian compared to
the nebulous depths of cyberspace. Yet the cellular telephone, merely the first
wave of an imminent invasion of portable digital communications tools to come,
will undoubtedly lead to fundamental transformations in individuals’ perceptions
of self and the world, and consequently the way they collectively construct that

world. 0 (P&)

Ten years later, the rapid worldwide diffusion of mobile phones has made them a vibrant
area for research and practice. Castells himself produced another influential work in 2007
titled Mobile Communication and Society®. The widespread adoption of mobile phones
has occurred independently of cultural habits, values and norms. With it have come new
possibilities for development on the African continent. Used by both rural and urban
dwellers, wealthy and economically impoverished people, mobile phones provide a
connection to individuals, information resources, economic markets and public

services'.
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Yet the ubiquity of mobile networks and access to handsets is necessarily only the
beginning. If mobile phones and ICT are to have an impact on economic and social
development, our focus needs to move from potential to the realisations of this potential.

192 hrovides a useful value-chain model (Figure 2.7), based on the logistic growth

Heeks
curve discussed earlier, for understanding the shifting focus from system inputs

(readiness) to outputs (impact). Four domains in the value chain are proposed:

e Readiness
National-level preparedness is a prerequisite of information and communications
technology for development (ICT4D) initiatives. A country needs to invest in
infrastructure, create policy guidelines, develop skills and gain political support to
secure investment. For mobile phones this would mean the construction of a
national cellular network infrastructure, the training of technicians and enacting
electronic communications legislation.

e Auvailability
After implementing strategies agreed upon in the previous stage, a new
technology (e.g. mobile phone) or ITC service (e.g. Internet cafes) becomes
available to the public. In our example, mobile phones would become easily and
cheaply available for sale to the public.

e Uptake
During this stage availability is converted to adoption and widespread use. The
rapid uptake and wide-scale adoption are often characterised by intense interest
and excitement over the newly discovered ‘silver bullet’ for development in low-
income countries. Yet as Anker and Mbiti*™* report, the enthusiasm often wanes
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when the impact becomes hard to show. A more detailed discussion of how a
new technology diffuses through a country is beyond the scope of this work. A

succinct literature review is provided by Geroski'®?

. A more thorough review is
provided by Rodgers'®*.

Impact

Impact can be subdivided into the categories of outputs, outcomes, and
developmental impact. New outputs, such as a change in communication
patterns or the adoption of mobile banking, can lead to improved social

relationships and financial outcomes. Aggregated, these improved outcomes

have an impact on larger public-health development goals.

Level of 1CT4D
Activity

e
Impact
- Micro-Outputs
- Outcomes
- Development Contribution

Uptake
- Demand
- Usage
- Use Divide
/’——\ . g
Readiness ) Avallebiiy
5 - Supply
- Policy -
. . - Implementation and
- Infrastructure Dsian
f CSIg
- Digital Divide ‘L__,_,

Time

Figure 2.7. Changing focus of information and communications technology for

development (ICT4D) priorities over time

For mobile phones to have an impact on health outcomes in low and middle-income

countries, common ICT challenges faced during implementation need to be addressed

fully. These challenges include: connectivity issues; the development of contextually and

culturally relevant materials; enhancing human-resource skills and capacity; identifying,
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involving and incorporating community feedback; and raising capital to support the ICT

initiative'®.

2.2.2 The rise of mobile phones in South Africa
As evident in Table 2.2, fixed-line telecommunications infrastructure in Africa is

scarce’’1%

. As a result, less than 2% of the world’s fixed-line telephones are installed in
Africa. In contrast, Africa has seen an explosion in mobile-phone ownership. This growth
has been driven mainly by cheaper infrastructure, affordable mobile handsets, and a
prepaid billing model orientated towards the poorer segments of the population. In 2008,
estimates put the number of mobile-phone owners in Africa at approximately 200 million
— close to a third of the 680 million people who live on the continent®’. In the past five

years this figure has doubled, with the International Telecommunication Union (ITU) now

estimating mobile subscriptions in Africa to have risen to 433 million.

According to the All Media Products Study (AMPS) conducted by the South African
Advertising Research Foundation (SAARF), 79.5% of South Africa’s adult population (over
the age of 15 years) own or use a mobile phone. Using the Bureau for Market Research
(BMR) population estimate, based on the 2001 Census, this suggests that of South Africa’s

- - a1
34 million adults, 27 million own or use a mobile *%®

. The majority of these phones are
privately maintained (78.6%), pre-paid (71.1%) and connected through the two largest
mobile operators, namely MTN (34.8%) and Vodacom (35.2%). Table 2.3 provides an

overview.
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Table 2.3. South African mobile-phone ownership trends (%) from the South African
Advertising Research Foundation’s All Media Products Study (2011) %

2006 | 2007 | 2008 | 2009 | 2010 | 2011

AMPS Universe
(Adult Population in '000)
Cell Phones

30,903 | 31,109 | 31,305 | 31,524 | 34,020 | 34,020

Own/Rent/Use | 49.4| 563| 679| 713| 763| 795

Company/Privately Maintained:
Privately Maintained 48.3 55.1 66.7 70 75.1 78.6

Company Maintained 1.1 1.3 1.1 1.3 1.2 1
Contract/Pre-paid:

Contract 6.9 7.7 8.6 8.7 8.4 8.4
Pre-paid 42.5 48.6 59.3 62.6 67.9 71.1

Service Provider:

Cell C 4 4.5 5.8 8.3 8.5 9.2
MTN 20.1 22.9 29.4 30.5 33.9 34.8
Virgin Mobile - - 0.3 0.2 0.2 0.2

Vodacom 254 28.8 32.3 324 33.6 35.2
South African Advertising Research Foundation. All Media Products Study.
Available at: http://www.saarf.co.za

In a 2011 market research study, Nielsen'® reported that the majority (52%) of South
Africans currently own a mobile phone manufactured by Nokia (Figure 2.8). The most
popular of the Nokia handsets is the Nokia 1100 series. Samsung holds the second largest
market share (25%). Nokia also holds the largest mind share (60%) and is the most likely
phone to be purchased next by respondents (56%). Ninety percent of respondents report
owning one handset and 85% one SIM card. Roughly half of both males (49%) and
females (48%) prefer making calls to sending an SMS (41% and 44% respectively). Using
the South African Advertising Research Foundation’s Socioeconomic Living Standards
Measure (LSM), which divides the population into 10 LSM groups depending on asset
ownership, Internet access on mobile phones was found to vary. One out of three
respondents (30%) with higher living standards (LSM 8-10) was found to have accessed

social media over the Internet in the previous month. For LSM groups 1-5, this figure was
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15%. One out of four respondents (25%) in LSM groups 8-10 accessed the Internet
directly on their phone in the previous month, but this figure was less than one out of ten

(6%) for LSM groups 1-5.

Which handset manufacturers Which handsets are subscribers Which handsets are subscribers

are top of mind? currently using? likely to buy next?

@ ro<a @ sony Ericsson @ rokia @ sony Ericsson @ rowia P
B @ a & & @ sony Ericsson
B kberry @ rowrois P

Figure 2.8. Manufacturer preferences among 2 000 South African respondents, with
weightings based on age, gender and all LSM levels in 2011 **°

Over 900 000 km? of the country is covered by the GSM network of Vodacom, the
largest telecommunications company in the country. Ongoing infrastructure investment
in the region has seen a 2008 prediction of mobile coverage reaching 90% in 2011

110

become a reality”™". The determinants of mobile cellular network coverage are explored

."* Using high-resolution, spatially disaggregated datasets of Sub-Saharan

by Buys et a
Africa, they correlated cell tower positions to geographic features of the surrounding
terrain. As expected, the analysis found a strong positive correlation between the

presence of a cell tower and population density, per capita income and the degree of

operator competition. Reduced coverage was noted in areas where installation and
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maintenance were hampered by geographic factors such as elevation, steepness of slopes

and distance from main road or major city.

BOTSWANA

NAMIBIA

Source: http://spatial.vodacom.co.za/coverage/

Figure 2.9. Vodacom cellular network coverage map of South Africa (2011)

Figure 2.9 shows that although well covered by GPRS (2.75G) and EDGE (Enhanced data
rates for GSM evolution), Vodacom’s coverage of South Africa with the faster 3G network
is much lower. Nevertheless, given the expanded network footprint, high saturation rate
and relatively low cost of mobile technologies, widespread enthusiasm has been
generated about the potential of information and communication technologies (ICTs) to
affect development positively. This enthusiasm, unsupported by evidence, prompted

people to promote information and communication technologies as a way to bring about
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revolutionary change in the development of low and middle-income countries™*%.
Education, agriculture, finance and health are all domains in which mobile phones are
believed to have the potential to affect development positively. In the final section of this

literature review, | will consider the impact mobile phones are having on health research.

2.3 Application of Mobile Phones to Data Collection in Health Research
To date, the vast majority of research on the human condition has relied on single-
shot, self-report data: a yearly census, public polls, focus groups, and the like.

- Sandy Petland *°

With aging populations, rising health care costs and a growing level of e-literacy, many

high-income nations are exploring how pervasive computing technologies can improve

113-115

the efficiency and effectiveness of health care provision . In these countries,

information and communication technologies are one of the avenues being explored as a

way to transform health care delivery, for example, through outpatient monitoring of

116,117

chronic disease . Information about the prevention and treatment of many diseases

is widely available for those with access to the World Wide Web'®

. Yet, with a complex
transitional health picture with highly prevalent infectious disease as well as fast-
emerging non-communicable diseases and a “digital divide” in available technology,
people living in middle and low-income countries have not benefited to the same

11
degree'®

. However, as mentioned, the grouping of existing technologies in new
. . . 1 .
arrangements can lead to incremental innovation®® and new solutions to old problem:s.

The combining of pervasive mobile computing and the survey approach to data collection

has given rise to mobile-phone-assisted data collection. This new approach may provide
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one solution to the problem of information collection, knowledge dissemination and data

quality of health services in low-resource settings'*.

2.3.1 Technology behind mobile-phone health interventions
Using mobile phones, survey software, a cellular network and an online database, it is
possible to conduct survey research. Figure 2.10 illustrates the components that make up

a mobile-phone-assisted interview.

Data collectors (MPAPI) or Mobile phones connect to Forms are received, Data managers, report
participants (MPASI) carrying a the Internet over the processed and stored in users and external users
mobile phone loaded with survey cellular network and an online database log on to a web interface
applications conduct interviews upload forms to access the data

/1)
/1)

Figure 2.10. A schematic representation of how data is collected, uploaded/processed
and viewed in a mobile-phone-assisted interview

e Mobile-phone operator
The mobile phone can either be operated by a trained data collector who asks a
respondent the questions presented on the mobile phone (mobile-phone-assisted
personal interviewing — MPAPI), or surveys can be sent directly to the mobile
phone of the survey respondent (mobile-phone-assisted self-interviewing —

MPASI).
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Mobile phone

The data-collection options available on a mobile phone are mediated by both the
hardware and the operating system of the phone. As seen in Figure 2.8, the
majority of South Africans own handsets manufactured by Nokia. These handsets
have traditionally run the Symbian operating system and are able to install
applications that conform to the Java 2 Mico-Edition (J2ME) platform. In addition
to Symbian, there are three other popular mobile operating systems: iOS, Android
and Windows Phone. The data-collection software to be installed on a handset
needs to be designed to take into account the differences between these
operating systems (OS) as well as differences between different versions of the
05121,122.

Survey presentation

Surveys can be delivered to a mobile phone in a number of ways. The most
popular methods to present surveys on mobile phones are through the use of the
fixed-format short message service (SMS, also known as a text message), USSD
(unstructured supplementary service data), dedicated survey software and a web-
based form. Table 2.4 describes each in more detail and gives an example of
products available in each category. Although traditional voice and interactive
voice response (IVR) surveys could also be conducted with respondents using
their mobile phones, they are not included in Table 2.4 since they are more

popular as a fixed-line telephone method.
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Table 2.4. An overview of mobile-phone technologies that enable the collection of

survey data on the handset

Description

Supported
handsets

Example tools

Key data-
collection
literature

SMS

The short message
service (SMS) allows
the sending and
receiving of short
alphanumeric
messages to and
from mobile
telephones *2. Data
collection can be
achieved through
the use of simple
single-item
questions.

All

RapidSMS,
Frontline

Patnaik
et al.}*

ussD

Allows for the
transmission of
information via the
cellular network. An
interactive service
can be set up
between mobile
phones and an
application on the
network *2>. The use
of USSD menus
allows the asking of
simple single-item
questions.

All

No user-friendly
tool available

Medhi et
aI 126

On-device
application

Survey applications
allow full-featured,
multi-item surveys
to be administered
on a mobile phone.
Was predated by
personal digital
assistant (PDA)
based survey
software.

Any device
that is
running the
version of
operating
system that
the
application
was
designed
for.

EpiSurveyor,
JavaRosa,
Mobile
Researcher,
REDCap

None to
date
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o Uploading surveys
There are two common methods of uploading surveys from the handset into a
data store. If a cellular network signal is available, data are uploaded using this
data connection. In the absence of a signal, data are stored on the handset until
such time that a signal does become available. If no cellular coverage is available
in the area at all, data can be uploaded from the phone by connecting it directly
to a computer with an Internet connection.

e Data storage
Data uploaded from the handset can be stored in any number of ways.
Commonly, this involves an online database set up to receive data in the format
of the survey.

e Web interface
The final component of a typical online system will be the presence of a web
interface. The functionality of such an interface can vary from minimal, e.g.
providing an option to download the data to a local file, to a full-featured system
with a well-designed user interface and access to reports, graphs and interviewer

statistics.

In 2006, Kaplan'?” documented the dearth of literature on using mobile telephones for
health care in developing countries. The past five years has seen the landscape change
dramatically with a proliferation of studies seeking to harness the capabilities of mobile

122 studies generally fall into

phones to monitor health and treatment-related behaviour
one of three domains: tracking health behaviours (sometimes with an associated

intervention), infectious-disease surveillance, and treatment monitoring. The various uses
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of mobile phones in health has come to be known as mobile Health™*®™32, Mobile health,
or mHealth, has been defined by the Global Observatory for eHealth (GOe) as “medical
and public health practice supported by mobile devices, such as mobile phones, patient

monitoring devices, personal digital assistants (PDAs), and other wireless devices”*® P®).

2.3.2 Application of mobile phones in health
Numerous health-related commercial applications and health research studies exist that
leverage the mobility, ubiquity and availability of on-board sensors (e.g. cameras) in
mobile phones. Health behaviours such as weight control™*, smoking cessation™*> and
blood glucose monitoring136’137 have all been tackled with mobile-phone data-collection
and tracking tools. The support of mental health through mHealth is also growing 138
Klasnja122 categorises applications into those that provide users with a journalling
application that tracks data and provides feedback on progress; those that use mobile
phones to receive data from other devices (such as a pedometer) and upload the data for
telemonitoring; and mobile-phone games designed to teach health-related behaviours.
Figure 2.11, reproduced from an article on mHealth in the Fast Company magazine'*®,
depicts the diverse range of commercially available mHealth monitoring tools currently
available. The availability and use of mobile-phone tools to promote health is of particular
interest to proponents of a more participatory model of health care and health

reporting14°.
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EXAMINE YOUR
EARS!

CellScope
Amagnifying attachment
turns any smartphone
cameraintoam
microscope, which allows
users to capture high
resolutionimages of their
outer and middle ears,
and email them to doctors
for assessment. Future
versions could include
software that recom-
mends triage treatment.

us Available sum.
mer 2012

-

COACH YOURLLIFE!

Ginger.io
“The mobile phone is a
powerful diary of our
ives,” says Ginger.io co
founder Karan Singh, cit:
ing GPS tags, call logs,
messaging histories, and
more. His app mines
those data for notewor
thy behavior patterns;
someone who takes anti-
depressants and spends
days at home, for exam
ple, might be advised to
change his meds.
3 Raised $1.7 mil-
beta-testing
s to launch

ion; no
withpla
n2012

HEAL YOUR HEART!

AliveCor
Its mobile electrocardiogram (ECG)
recorder, which is basically an iPhone
case embedded with electrosensors,
lets anyone performa routine heart
checkup by pressing asmartphone
to their chest—meaning patients

TAKE YOUR BLOOD

PRESSURE! could share weekly, or even daily,
readings with their doctors.
Withings STATUS Raised $3 million; expects
Blood-Pressure FDA clearance in mid-2012
Monitor PRICE Under $100

Onceusers plug this de-
vice into an iPhone, iPad,
oriPod Touch, they can
see their data displayed in
graph form, send themto
doctors, and more,

TATUS Available now

cE $129

FIXYOUR VISION!

EyeNetra, EyeCatra
u of visiting an optometrist, EyeNetra helps people
find their “refractive error” (the number used to deter:
mine an eyeglass prescription) by looking into an eye-
piece and aligning patterns on their smartphone
screens, EyeCatrauses similar tech to spot cataracts.
STATUS Available early 2012 in Brazil, India, and Mexico
Under $30, including attachment

HELP YOU SLEEP!

Zeo Sleep Manager—Mobile
Sensors in a wireless headband detect patterns
of light, deep, and REM sleep; a companion i0S
or Android app then turns those datainto
graphs and an overall *sleep score,” which Zeo's
website suggests ways to improve.
T Available now
$99

COUNT YOUR
CALORIE BURN—
WITH PRECISION!

BodyMedia
Armbands
Unlike services that calcu
late calories burned solely
from GPS or pedometer
data, these wearal S0
sors (and companion (05
and Android apps) take all
into account: heart rate,
perspiration, skin tem
perature, and heat
dissipation, along with
time spent lying down
and sleeping, The accu
racy rate s an unprece-
dented 95%.

ATUS Available now

£ Starting at $180

GET YOU PREGNANT!

DuoFertility Monitor
Hundreds of U.K. women have used the sensors—wom
under the arm to monitor bodly temperature and ider
tify peak fertility periods—to help themselves get
pregnant. Although the tech now works with a stand
alone device, a smartphone app s in the works.
Available stateside within two years
PRICE $800 for the device and one year of service

SHARE YOUR FETUS PHOTO!

Mobile Baby
This service from Swedish developer Great Connection
Itrasounds onto a cloud server so
users can share them with friends and family.

in Scandinavia and the Middle East;

uploads hospital

5 Aval
wide U.S, launch in 2012

HELP YOU BREATHE!

Leslie Saxon

*People don't like to do breathing ex-
ercises, but when they do, they feel
better,” says Leslie Saxon, head of
the University of Southern Califor-
nia's Center for Body Computing.
With thatin mind, she's building a
game that has asthmatics and heart
patients blow into their smartphone
mic to move a ball or fly a magic car.
pet across alandscape. Scores are
then sent to doctors.

\TUS Prototype

PERFORM AN ULTRASOUND!

Mobisante

MobiUs SP1
Beyond monitoring pregnancies, this
mobile ultrasound device, which for
now works exclusively with the
Toshiba TGO1smartphone, could
help armed forces evaluate trauma
and general practitioners screen for
abdominal aneurisms and kidney
stones, says CEO Sailesh Chutar

us Available now; version in
works for Android Honeycomb

£ $7,495, including the TGO1

ANALYZE YOUR BLOOD CELLS!

Holomic
By combining a clip-on slide holder with the built-in flash
and camera of an Android phone, this technology lets users
capture "holograph
Those files are then sent to hospital-based pathologists,
who can scan them for signs of malaria, monitor lympho:
cyte counts (for people with HIV), and more.
TATUS Available in 2013

FLAG YOUR PULSE PROBLEMS!

Oxford University

“Stethoscopes are mobile, but doctors aren't,” says
Thomas Brennan, a head researcher at Oxford Univer-
sity. Sohe and his team are using low-cost parts—such
as the microphone of a Nokia cell phone—to create a
device that allows untrained health workers to record a
heartbeat and send it to doctors for analysis.

\TUS Prototype

MONITOR YOUR MOVES!

Selene Mota
Using *wockets” (small, cheap,
wearable accelerometers that
relay a subject’s movements

TRACK YOUR toaniPhone), Mota, a PhD can:

didatein the MIT Media Lab, is

BLOOD SUGAR! developing software that can
detect compulsive rocking
people with autism, as

Sanofi-Aventis tremors associated with Par-

iBGStar kinson's disease.

Roughly the size of an 3 Lab testing

AAbattery, this blood

glucose monitor does

work as an independent

device. But when synced

toasmartphone, its data

can be tracked, analyzed,

and emailed to care pro-

viders—ahuge help to

the 19 million Americans

who live with diabetes.

Availablein
Europe; U.S. launch
pending FDA approval

as

Figure 2.11. A sample of mobile-phone applications available in 2012 that are designed

to provide feedback on various health measures to the user**
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2.3.3 Infectious-disease surveillance

Growing global connectedness makes systems that monitor the early outbreak of new
infectious diseases critical. In 2002, Frenk and Goémez-Dantés** reported that there were
three million international travellers per day, triple the number in 1980. This increase
resulted in a corresponding increase in microbial traffic (p325). To combat the threat, the
malERA Consultative Group on Monitoring, Evaluation, and Surveillance* suggested the
rigorous evaluation of new forms of mobile and web-enabled surveillance technologies.
The advantages of electronic capturing applied to public-health surveillance data may
bolster its usefulness through early detection and registration, rapid reporting, analyses

and action'®%*

. As an example, a sentinel surveillance system based on mobile
computing technologies, such as mobile phones, was shown to increase the detection and

response speeds to outbreaks of malaria in Madagascar145.

The authors of the Madagascar trial conclude that for less than US$1 a month for data-
transmission costs, their findings should encourage other African countries to develop
their own syndromic surveillance systems** (P1) A South African study reported similar
success in a mobile-phone surveillance system set up to allow the rapid reporting of

%8 The case study reports no specifically

zoonotic diseases in rural South Africa
measureable outcomes but does describe the successful implementation of an SMS-
based system that allowed users to report unusual symptoms to a state veterinarian.
These mobile-phone-based systems allow for the capturing of health data from remote
rural settings where resources, a rugged environment and limited infrastructure make

traditional techniques less feasible, yet at the same time provide all the benefits of a fully

fledged electronic surveillance system™®’.
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2.3.3.1 Community health workers
A subset of surveillance systems are those designed specifically to support and monitor
community health workers. Much of the early innovation in mHealth data collection arose
from the desire to improve monitoring and speed up data collection by community-based
health workers providing disease surveillance and treatment support. The Cell-PREVEN
trial in Peru was one of the first to collect health data using mobile phones 148, By dialling
into an interactive voice response (IVR) system tailored to provide audio computer-
assisted personal interviewing, the researchers were able to collect real-time adverse-
events data from health workers administering metronidazole to female sex workers.
Equipping community health workers (CHW) with mobile phones for data collection and

supervision has been explored in a number of studies, and has shown positive results**”

1 Reviewing the role of mobile phones in community health worker systems, De Rezni

152
etal.”

report on how each of the six functions of a CHW health system (data collection,
training and access to materials, inter-CHW communication, decision support, staff
supervision, and promotion of health behaviours) are impacted by mobile phones. In each
instance, mobile phones were found to offer an additional contribution to a paper-based
system. The challenges the authors observed in using mobile phones for low and middle-
income CHW programmes included data interoperability, managing workflow
complexities, loss and theft of devices, ensuring batteries remain charged and network
coverage constraints. In addition to the phone-maintenance challenges, a peer health
worker programme in Uganda reported key challenges that included privacy concerns and

variable levels of patient access to mobile phones, limiting the usefulness of

communication between peer health workers and patient5153.
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2.3.4 Treatment monitoring
Adherence and treatment monitoring is the third active area of mHealth research.
Evidence is still mixed as to its benefits. Lester et al.™>* report on a randomised control
trial (RCT) in Kenya that was designed to test the impact of weekly SMS reminders on self-
report antiretroviral therapy (ART) adherence and viral load. Adherence was reported to
be significantly higher in the intervention (SMS) (62%) than in the control group (50%;
relative risk [RR] for non-adherence 0.81, 95% Cl 0.69—-0.94; p=0.006). Viral-load
suppression was also significantly higher in the intervention group (57% versus 48%; RR
for virological failure 0.84, 95% CI 0.71-0.99; p=0.04). Haberer et al. > working in
Uganda, report on the uses of text messages (SMS) and an interactive voice response
system (IVR) to collect adherence data from the caregivers of 19 HIV-infected children. A
number of technical challenges resulted in low numbers (0-33%) of caregivers submitting
adherence data. A programme using SMS to send treatment reminders to tuberculosis
(TB) patients in Cape Town, South Africa, reported similar challenges**®. Examining the
cure and completion rates of 221 patients revealed no difference between the control
and intervention groups. The authors cite major challenges in project implementation and
note that patients were often not using the service as directed. These shortcomings
reduce the value and validity of the findings and make interpretation problematic. In a
second randomised control trial using an intention-to-treat analysis, Pop-Eleches et al.™’
divided 431 people into a control group and four intervention groups. Intervention groups
differed in the length (short versus long) and frequency (daily versus weekly) of SMS
treatment reminders. Weekly messages (whether short or long) were found after 48
weeks to increase adherence significantly when compared to the control group (p = 0.03).

Still, 90% adherence was only achieved by 53% of the sample receiving the weekly
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reminder (40% for the control). Despite challenges, well-run programmes of SMS-based
treatment reminders appear to be an important tool with which to improve medication

adherence in resource-limited settings.

2.3.5 Comparison with other methods
Despite the swell first in popular and more recently in scientific support for the use of
mobile phones as data-collection tools in health, there are still very few studies that
actively seek to compare the quality of data collected on mobile phones with traditional
health research survey instruments. In its place, a reasonable body of literature examines
the properties of personal digital assistants (PDAs) and other survey modes. PDAs are
mobile devices that function as personal information managers. What distinguishes them
from modern mobile phones is that they do not generally have the ability to make or
receive telephone calls. Two excellent summaries exist that compare PDA and paper-and-

I.,158 uncovered 201

pen data-collection modes. The first, a literature review by Lane et a
potentially relevant studies. Nine of these studies met the criteria of a randomised

control trial, comparing PDA and paper-and-pen data collection on the outcomes of data
quality, user preference, adherence and timeliness. The second, more recent, review by

1.1 summarises seventeen studies that used PDAs for data collection in health

Blaya et a
research studies. Both reviews concluded that PDAs are an effective alternative to paper

and pen, often producing data faster and meeting with favourable responses from most

participants.

The wealth of literature on PDAs as data-collection tools does not yet exist for mobile

I 124

phones. Patnaik et a provide the most comprehensive study, conducted in 2009,

evaluating the errors associated with mobile-phone data-collection through the interface
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of SMS, voice and electronic form. They found that capturing data by voice call produced
the lowest error rate (0.45%), followed by electronic form (4.2%) and SMS (4.5%). The
usefulness of these results is, however, limited by sample size. Only 13 participants (six
community health workers and seven paramedical staff) were enrolled in the study.
Further limiting the generalisability of results is the fact that each participant only
captured one 22-item form using voice, SMS or electronic form. The authors were
therefore unable to compare within-subject error variability to between-subject error
variability to establish if some participants were simply more error-prone than others. In
the context of evaluating back-pain reports from subjects referred through the Spine
Centre of Southern Denmark, Johansen and Wedderkopp160 contacted 31 of the 260
enrolled patients by telephone at the end of a 53-week period. Comparing levels of back
pain reported by SMS to those given telephonically, there was high agreement in
reported levels of pain for one-week and one-month recall. Recalled levels of pain varied
significantly between SMS and telephone for one-year recall. Eagle et al.*** found a
similar primacy effect when comparing self-report data on social interactions to those
obtained automatically using mobile-phone records. Following 96 people with custom
software installed on their mobile phone, researchers were able to log the presence of
another participant’s phone when within a five-metre proximity radius. When people
were asked if they had been in the presence of another participant, self-report recall of
interactions that had taken place more than a week earlier were poorly correlated with
data from the mobile-phone software log (R? = 0.1). The salience of the relationship was
also an important factor that mediated correlation strength. For people working together
but not considered friends, the correlation between self-report and mobile-phone

proximity data was r=0.155 (p < 0.001). For friends, the correlation was 0.412 (p < 0.001).
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Apart from these studies, not much else is known about how the method of collecting

data on mobile phones influences data quality.

Collecting and managing health research data is a challenging undertaking. Not only is
considerable planning required to ensure that paper forms are always available, and are
routinely collected and accurately captured, but repackaging this information to support
operational initiatives is often slow, expensive and vulnerable. At present, mobile phones
offer a real opportunity to address some of these challenges in the collection of various
types of health information. It is clear from this review that although mHealth
applications continue to proliferate, little research has, to date, been conducted to

evaluate the implementation of these new tools in health research.

2.4 Summary of the Literature Review

This literature review introduced two fields of research relevant to this thesis: pervasive
computing and survey error. Each was introduced with a short history, followed by an
appropriate conceptual framework, and concluded with practical applications of the
theory. Common threads from the two fields were then woven together to introduce the
notion of mobile-phone-based data collection. Finally, a conceptual framework for the

evaluation of health research tools was elaborated upon.

When the research for this thesis began, there was little literature specifically evaluating
the role of mobile phones as data-collection tools in low and middle-income countries. At
the time, most literature still focused on personal digital assistants (PDAs). The field of

research has, however, gained huge momentum in the last year or two, quickly filling
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gaps in our knowledge. Despite this, the literature review revealed that a number of
research gaps persist. Little research has been conducted to determine whether mobile
phones are a viable means of collecting ongoing self-report survey data from participants
living in low-resource settings. Furthermore, the acceptability and feasibility of mobile
phones as a tool for the collection of sensitive data from vulnerable population groups is
not well established and very little research exists that explicitly compares mobile phones
to traditional pen-and-paper health surveys. Lastly, as noted in a recent systematic review
of eHealth'® literature, more evidence is needed to support the clinical management

claims of mHealth projects.

Consequently, this thesis addresses some of the research gaps identified. The overall aim
of the research was to implement and evaluate the use of mobile phones as research
instruments with which to collect and analyse information for research in low-resource
Sub-Saharan African settings. This primary aim was achieved through the completion of
three studies, each designed to address one aspect of the use of mobile phones:
1. How does the use of mobile phones for data collection have an impact on the
costs, quality and time-to-availability of data?
2. What perceptions do vulnerable communities and field workers in rural South
Africa hold towards mobile phones as a data-collection tool?
3. Can mobile phones be used by adolescents to complete self-report surveys
unaided?
In addition to the primary aim, the thesis explores the policy and research implications of

the study findings.
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Together, these general objectives, addressed in chapters 3, 4, 5, 6 and 7, are designed to
address different facets of the primary aim. Two main hypotheses are tested during the

course of this thesis. They are:

Ho: Given respondent concerns, it will not be feasible to implement mobile-phone-

assisted personal interviewing to collect health research data in resource-limited settings.

Ho: Mobile phones provide no data-quality improvements to the survey data-collection

process when compared with paper and pen.
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Chapter 3

Using mobile phones for adolescent research in low and middle-income
countries: preliminary findings from the Birth to Twenty cohort, South
Africa

Published in The Journal of Adolescent Health, 46(3), 302-4.
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Chapter 3: Using mobile phones for adolescent research in low and middle-income

countries: preliminary findings from the Birth to Twenty cohort, South Africa.

From fixed-line telephones as an interview medium in the 1950s to more recent
computer-aided surveys, technological innovation brings new opportunities. Mobile
phones offer potential benefits for research data collection, particularly surveys aimed at
adolescents. The International Telecommunication Union report that over one billion new
subscriptions were added during 2008, bringing the worldwide total to four billion,

approximately one third of these in Brazil, Russia, India and China*®.

SexINFO'®* was the first mobile service in the United States offering sexual health
information directly to adolescents. In response to an opt-in text message, a menu of
questions is returned with instructions to text, for example, “D2 if u think ur pregnant”. A
similar concept allows youth in South Africa to locate the nearest HIV testing centre by
texting “HIV” and their town name to a five-digit number*®. A Cape Town-based study
piloted the use of mobile phones as a means for sending daily treatment reminders to
tuberculosis patients on a DOTS (Directly Observed Treatment Short-course) programme.
This decreased DOTS employees’ regular workload and freed them up to focus on non-
compliant patients. Of the 300 patients on the programme, the World Health
Organization reported only five treatment failures and now recommends this model as

one of best practice166

. These examples illustrate the potential of mobile devices. We
investigated the viability of delivering self-administered surveys to adolescents on their

mobile phones.
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3.1 Method
BT20 is a birth cohort study based in Soweto-Johannesburg. In 1990, 3 273 newborns and
their mothers were enrolled to track the children’s health and development over the first

187 Data has been collected every six months through face-to-face and

twenty years of life
computer-assisted self-interviews. Plans are underway to introduce a mobile-phone data-
collection platform. The rationale includes increasing the ecological validity and improving
the reliability and accuracy of sensitive self-report data. A telephonic survey to determine
the acceptability and feasibility of using mobile phones was conducted with BT20
participants, 2 023 of whom responded (88% of current participants; 52% female; 79%
black). Each interview was approximately five minutes long with the major reason for
non-participation being unavailability at the time of the call. Adolescents were mostly
living in households that have electricity (79%), indoor running water (69%), and indoor
sanitation (54%). Nonetheless, these households are poor relative to households in high-
income countries. Questions were designed to assess the current perceptions and
attitudes of BT20 youth to mobile-phone ownership and use, in preparation for research
use. The survey, an integral part of BT20, received human-subject research approval from
the University of the Witwatersrand. Pearson Chi-square tests were used to compare the
proportional difference between gender, race, phone choice and feature usage.

Frequency tables were prepared to explore phone contract type, mobile social media

usage and opinions about mobile data collection.

3.2 Results
Among respondents, 69% reported currently owning a mobile phone. In contrast, only
43% had access to a fixed-line telephone at home. About 66% of the 31% who do not own

their own mobile phone reported feeling socially isolated as a result. No gender
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difference was found in how adolescents choose their phone; 60% based their selection
on functionality, followed by 38% who made the decision based on styling. Only 8% chose
a phone primarily on price. There were significant differences (x2 = 62.26, df =3, p < 0.01)
in phone ownership by ethnic group. Significantly more white adolescents (95%) owned a
mobile phone, compared with black (67%) and coloured (63%) adolescents. The majority
of participants (86.3%) reported being on a prepaid plan. Of those on a prepaid plan,

62.1% pay for their own airtime, with the other third receiving airtime from their parents.

Table 3.1 provides a summary of the most highly valued mobile phone features. There are
few clear gender differences, apart from females placing a high value on a mobile phone
being able to play music. The most frequently used mobile phone features were listening

to music, texting and taking photographs.

Table 3.1. Importance of mobile-phone feature (including voice calls, SMS, MMS,
camera and Internet access) by gender in the Birth to Twenty Cohort (2009)

Males Females
. . 284 280
Making voice calls (64.3%)  (60.1%)
. , 294 313
Sending SMS’s (66.5%) (67.0%)
. , 228 252
Sending MMS's (51.7%)  (54.1%)
Listening to music 299 350
g (67.8%)" (74.9%)"
Having a camera 274 303
& (62.3%)  (65.0%)
Is able to connect to the Internet 224 239
(50.9%) (51.3%)
. . . 50 53
Being able to do mobile banking (11.4%)  (11.4%)
i Significantly more than expected (p < 0.05)
* _ Significantly less than expected (p < 0.05)
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When asked how they would prefer to answer sensitive questions, 73.1% chose face-to-
face interviews over mobile-phone surveys. However, Table 3.2 highlights an interesting
pattern between mode of interview preference, and knowledge and use of
telecommunication technologies. There was a significant likelihood that those who had
used Mxit (a popular mobile instant-messaging application), or who knew about or used
Skype (a voice-over-IP application), would prefer a mobile-phone questionnaire over the

traditional face-to-face interview.

Table 3.2. Preference for mobile-phone guestionnaire or face-to-face interview and
technological affinity in the Birth to Twenty Cohort (2009)

Response Mobile-phone Face-to-Face
questionnaire interview

Do you know what Mxit | No 43 (13.0%) 119 (13.3%)
is? Yes 287 (87.0%) 777 (86.7%)
Have you ever used No 110 (36.9%)* 358 (43.9%) *
Mxit? Yes 188 (63.1%) # 457 (56.1%)*
Do you know what Skype | No 275 (83.8%) " 801 (89.9%) *
is? Yes 53 (16.2%) * 90 (10.1%) -
Have you ever used No 110 (84.0%) " 300 (91.7%) *
Skype? Yes 21 (16.0%) * 27 (8.3%)

T Significantly more than expected (p < 0.05)
# _ Significantly more than expected (p < 0.05)

3.3 Discussion
Three main concerns emerged about using mobile phones to collect data. These were: a)
not having airtime with which to respond, b) lacking confidence about understanding the

questions being asked and c) issues of confidentiality about who might see their answers.

Despite the advantages of speed, event proximity and logistical ease, it is necessary to

address these issues. Firstly, airtime should be considered whenever surveys are
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administered. Secondly, questions must be worded clearly with detailed instructions
prefacing each section. Lastly, a methodology that ensures participant privacy and allows
for consent to be obtained via the handset is imperative. Although not relevant to this
cohort, the practice of handset sharing could have a negative impact on privacy. It is not
possible to password-protect an SMS. Therefore, if information is sent by the researcher
using this protocol, it may compromise participants’ privacy. This challenge may be largely
resolved by using mobile survey software that can be password-protected and by

encrypting data.

Knowing that adolescents value multimedia content on their mobile phones raises the
possibility of using popular songs, ringtones and screensaver downloads as incentives for

completing a survey.

Although low literacy rates and language barriers can be a challenge for self-completed
questionnaires, providing the survey in colloquial languages is technologically simple on

mobile phones. Each participant could receive the survey in his or her language of choice.

Mobile phones provide an important platform from which to engage adolescents. The
devices have penetrated even the most rural villages, are highly valued by adolescents*®,
and offer instantaneous bi-directional communication. How to best scale these projects,
manage informed consent and maintain privacy are all issues that need urgent attention

as technological advancements continue to push the bounds of what is currently possible.
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On the move: Mobile phones as a platform for the delivery of
guestionnaires to young adults
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Chapter 4: On the move: Mobile phones as a platform for the delivery of

questionnaires to young adults.

Longitudinal cohort studies requiring periodic contact with participants to update
exposures and/or record outcome events present evolving challenges, in particular in
relation to retaining contact with participants, especially if they are highly mobile'®. Birth
to Twenty (BT20), a birth-cohort study based in Soweto, Johannesburg, has tracked the
health and development of 2 300 mother-child pairs over the past 21 years, from
pregnancy to age 19.5 year5167. This is 70 % of the original cohort of 3 273. Data have
been collected from the cohort 23 times, including twice a year since age 13 years. Three
specific challenges posed by research on adolescent risk behaviour, and specifically faced
by BT20 are: 1) retaining contact with an increasingly mobile population, the majority of
whom have left formal education and are starting to leave home to seek work; 2)
collecting reliable information pertaining to sensitive behaviours (e.g. drug and alcohol
use); and 3) accurately measuring infrequently or irregularly occurring behaviours (e.g.

- 17
sexual behaviour)'”°.

4.1 Introduction

4.1.1 Retaining contact with an increasingly mobile population
No challenge is more pressing than maintaining a cohort and minimising selective

171 . . . . .
"1 Common strategies used to increase retention include taking care at

attrition
enrolment to record a variety of contact information and to assess participants’ long-term

willingness to participate, bonding with participants through the creation of a study

identity (e.g. a logo), ensuring frequent contact, hiring well-trained and enthusiastic study
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172 or

staff, and providing small incentives or tokens of appreciation for participation
BT20, the past twenty years has shown that the key driver of attrition is mobility and
migration out of the study area'’?, often as the result of job seeking. By the end of Year

15, migration accounted for 27% of loss to follow-up cases. During any given data-

collection wave, between 4% and 49% of families report a change of address™®.

4.1.2 Collecting reliable information pertaining to sensitive behaviours
Adolescent smoking, alcohol, violence, conflict with the law and risky sexual practices are
H : 173,174 . . .
important and active areas of research . However, collecting accurate information

about these behaviours is not easy. Parental reports are not always informed or

175-177

accurate , and face-to-face interviews produce more socially desirable responses

from young adults than do self-report surveys75'178'179

. To increase the reliability of
sensitive data collected, the BT20 cohort has evolved its data-collection methods from

face-to-face questionnaires to self-completion with secret ballot submission and, most

recently, to audio computer-assisted self-interviewing (ACASI).

4.1.3 Accurately measuring infrequently or irregularly occurring behaviours

Many risky behaviours are erratic, occurring only infrequently and sporadicallylgo'lgl.

Relying on questionnaires that require young adults to recall the number and detail of

these risky events over long periods between follow-ups can result in both under- and

182,183

over-reporting . As aresult, some studies have evaluated the use of diaries as a way

to record ecological momentary assessment data®

. Given these challenges and knowing
the importance of a good communication infrastructure in maintaining long-term follow-

up185, we investigated the use of mobile phones as a way to remain in contact and
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explored the potential for launching a mobile-phone-based data-collection strategy. This
would allow for the autonomous, off-site completion of short self-completed surveys to
be repeated frequently in private and when convenient, thereby reducing the recall

period between the survey and actual behaviour.

4.1.4 Mobile-phone surveys

Through a mobile survey “app” (such as Mobenzi Researcher'®®

), mobile handsets can be
used both in a traditional telephonic interviewer-led survey (mobile-phone-assisted
personal interviewing — MPAPI) and as self-complete surveys (mobile-phone-assisted self-
interviewing — MPASI). As the handsets are portable and carried around on one’s person,
surveys can be completed in close temporal proximity to the behaviours of interest. The

challenge of loss to follow-up experience when participants migrate out of the study area

may also be avoided.

There is a paucity of data reported in the literature that details MPASI survey
characteristics. This paper reports on our first effort to collect data from these young
adults using an MPASI platform. The objectives of the study were to assess feasibility,
calculate response rates and determine item-response characteristics, and monitor

response stability across two waves of data collection.

4.2 Methods

4.2.1 Study population and sample
The study was designed as a prospective intervention evaluation. One thousand handsets

were purchased and loaded with the Mobenzi Researcher survey software. These
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handsets were then distributed between January 2009 and November 2009 during
regularly scheduled BT20 participant visits. At the visits participants consented to their
involvement in the study and were then guided through a practice survey by trained
research assistants and informed that they would be allowed to keep the handset at the

conclusion of the study.

A telephonic follow-up survey, using one of the alternative numbers available in the
participant’s file, was undertaken in December 2009 to validate that participants who had
received a donated handset were still able to receive and complete surveys. As this was
the first attempt by BT20 to conduct an MPASI survey, and as the software systems were
untested, a targeted sampling frame was used to randomly select 435 participants
confirmed in the telephonic follow-up to have survey-ready handsets (see Figure 4.1). All
435 participants were born within the Soweto municipality between April and June 1990.
This gives the sample a median age of 20 at the time of the mobile survey'®’. The sample
was composed of 227 females (52.2%) and 386 (88.7%) respondents were black. Ethical
approval for the study was obtained from the Committee for Research on Human

Subjects (Medical) Witwatersrand Human Ethics Committee.

4.2.2 Participant training
Training on the mobile survey was provided on receipt of the phone to all participants
through a practice survey. This survey was designed to familiarise participants with the
process of downloading, completing and then uploading responses through the survey
software. It consisted of six items that contained examples of date, single-choice, multi-

choice, free-text and numeric question types. Research assistants demonstrated to
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participants the procedure of downloading the practice survey onto the donated handset.
Participants then worked through the survey and were shown how to upload their

response.

4.2.3 Questionnaire
Two surveys, each consisting of 60 items, were designed from questions drawn from the
BT20 Year 18 Young Adult Core Questionnaire and the Year 18 Adolescent Self-completed
Questionnaire. Survey one also included the 10-item short-form Marlowe-Crowne Social
Desirability Scale (M-C 2) proposed by Strahan and Gerbasi'®. Each survey consisted of
two date questions (e.g. “Please enter your date of birth”), 39 multiple-choice questions,
(e.g. “When do you switch your phone off? (please choose all that apply)”), 18 numeric
questions (e.g. “How many close friends do you have?”) and one free-text field (e.g.
“What were you busy doing immediately before you started to answer this survey?”).
Although Mobenzi Researcher makes it possible to mark any of these question types as

“required”, the questionnaire was designed to allow participants to skip questions at their

discretion.

4.2.4 Mobenzi Researcher software
The commercially available Mobenzi Researcher survey software was provided by Clyral
(www.mobenzi.com/researcher/). Mobenzi Researcher is a Java 2 Micro Edition (J2Me)
application that runs on both Symbian and Android operating systems. It provides full
survey functionality, including the ability to create various question types, mark fields as
mandatory and intelligently manage survey branching. The mobile-phone app submits

survey responses over either a mobile (e.g. GPRS) or wireless network. When a mobile
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Internet connection is not available, responses are stored on the handset until such time
as a connection is re-established. Response credits cost USS50.0125 per item. Therefore, to
submit one 60-item survey would cost the researcher US$0.75 worth of credit and the

participant US$0.002 worth of airtime.

4.2.5 Procedures
During training and handset distribution, users were informed that they would be notified
by a short messaging service (SMS) text message when a survey was ready for them to
complete. Two notifications were dispatched, two weeks apart, requesting the
completion of a 60-item survey. The first test message was sent on April 20, 2010 and the
second on May 5, 2010. Both notifications included an airtime voucher (R5; $0.69) to
ensure that participants were able to respond, as this was indicated to us in pilot work to
be a potential constraint. After Mobenzi Researcher received an uploaded survey
response, a text message was sent back to the participant to thank him or her for their

time.

4.2.6 Data analysis and outcome indicators
Dependant data collected included handset attrition, SMS messages set, delivered and
failed. Key indicators of “success” were defined for each step in process. This provided
the means by which to evaluate the outcomes of the study. These indenendant variables
were: 1) the number of participants possessing donated handsets capable of submitting
surveys; 2) the proportion of these donated handsets, included in the study, contactable
by text message; 3) the proportion of survey responses received from donated handsets

that were contactable by SMS; and 4) item-response rates. The study did not set out to
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appraise the quality of responses. These data were then analysed using proportions and
frequencies.

4.3 Results

4.3.1 Number of participants possessing handsets capable of submitting surveys
During 2009, 1 000 handsets were purchased, of which 996 were distributed to
participants (in the bulk delivery two handsets were found to have faulty batteries and
two SIM cards were not adequately registered). Among the 996 participants who received
handsets, a telephonic follow-up survey conducted soon after the last handset was
distributed revealed that 25 (2.5%) had inserted a new SIM card, 32 (3.2%) had deleted
the Mobenzi Researcher (MR) software and 205 (20.6%) reported having lost, stolen,

broken or given away their phone.

. Total Handsets
Attrition Available
MPs purchased 10%
4 996 (99.6%)

Not distributed

55 971 (97.1%)
Installed new SIM

32 939 (93.9%)
Deleted software
application

205 734 (73.4%)
Lost and stolen

435

Random sample

Figure 4.1. Phones not available for use from the 1 000 donated handsets that were
distributed
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4.3.2 Texting the 435 handsets included in the study

WAVE | WAVE I
435 Wave | Text 288 Text 105 435 Wave |l Text 271 Text 84 Respondents
Messages Sent Messages P Respondents Messages Sent Messages P (159 Responses)
& Delivered (237 Responses) & Delivered P
April 20, 2010 '\ May 5, 2010
2 weeks 2 weeks

|/

Figure 4.2. Schematic overview of two data-collection waves

Of the 435 text-message notifications sent out in wave one, 288 (66.2%) were reported by

the mobile network as delivered. The remaining 147 messages were undeliverable due to

the phone no longer being active on the network. It was not possible to determine

whether this was due to the phone having been switched off for an extended period or to

the SIM card having been removed from the handset. Similarly, 271 (62.3%) of the 435

second-wave SMS’s were delivered (Figure 4.2). Twenty-one (4.8%) participants received

SMS one but were not reachable for SMS two; four (0.9%) received SMS two but were not

reachable for SMS one; and 267 (61.4%) were reached by both SMS one and two.

In response to the text notification, eight text messages replies were received (Table 4.1).

Seven of the eight messages were requests for assistance.
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Table 4.1. Example of text message responses received from Birth to Twenty study
participants in response to survey notification SMS messages

Message Received

| have changed phones and cant logg on anymore ...

Please give me the website to download it again coz
i cant find mobile researcher.

Which survey

Hi i sent u an sms before informing u that i lost my
cellphone last year.

My suvey is deleted,cn u send or gv me the address
2 download it!

| am unable 2 complete survey because da new fone
dat im using does nt hav da survey. Thanx

Hallo BTT can you guys plz help me do my matric?

Hi. The application was deleted after the phone
came back from repairs. Can i pls have the
directions on how to download mobile researcher to
the phone... Thanks

4.3.3 Survey response rates
Of the 288 handsets that received notification one, 105 (36.5%) individuals returned a
response. Of the 271 handsets that received notification two, 84 (30.9%) individuals
returned a response. Although only one response was expected for each survey, some
individuals responded multiple times. During wave one, the 105 responding individuals
sent in a total of 237 responses. During wave two, 159 responses were received from 84
individuals. The median number of responses per participant was one, with a maximum
of 24. Among the 105 respondents who uploaded a response in wave one, 59 (56.0%) also
submitted a response in wave two. There were 25 (of the 84 wave-two respondents) who

only submitted a wave-two response (29.8%).
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4.3.4 Item response rates
Using survey data generated by Mobenzi Researcher it was possible to tell that surveys
received in wave one were completed in a median time of 18 minutes (IQR 8.11) while
surveys in wave two had a median time of 17 minutes (IQR 7.88). This means that roughly
three questions were answered every minute. All responses were completed in English.
Breakoffs, defined as surveys in which participants chose to quit the survey before the

last question, were 4.4% and 3.6% respectively for the two waves.

Of the 105 individuals who responded to survey one, 97.8% completed the single free-
text question, 95.6% completed the 39 MCQ-type questions and 91.8% the 18 numeric
questions. Date fields were prepopulated by the software, resulting in 100% completion.
Very similar results are seen in the 84 survey-two responses, with 97.7% completing the
single free-text question, 95.2% the MCQ-type questions and 88.5% the numeric
guestions. The average length of the free-text responses was three words for both survey

one (15 characters, std. dev. 9.1) and two (3 words, 14 characters, std. dev. 8.7).

4.4 Discussion

Within 11 months of the first donated mobile-phone handsets being issued to the 996
BT20 participants, 734 (73.7%) reported that their phones were still capable of sending
and receiving Mobenzi Researcher surveys. Of the 435 randomly selected participants
who were enrolled in this study, response rates of 36.5% (105 respondents to the 288
delivered text messages) and 30.9% (84 respondents to the 271 delivered text messages)
were achieved during waves one and two, respectively. Item non-response was found to

be higher for numeric than free-text, date or multiple-choice items.
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Two clear challenges emerged from these results. First, the effort required to provide,
support and manage large numbers of mobile phones for the purpose of data collection
among young adults should not be underestimated. There was a high initial rate of
attrition, with 205 handsets reported lost, broken or stolen within an 11-month period.
Technical support for participants having problems with their handset was an everyday
activity. In addition, it was challenging to keep track of phones and SIM cards as
participant reports indicated that SIM-card swapping and ownership of multiple SIM cards
is common. Prior to the start of the study, all 435 phones were validated as being
available for participation, but four months later only two thirds of these handsets were

contactable by SMS.

The second challenge that emerged was the struggle that participants faced when trying
to use the survey software. The authors had previously used Mobenzi Researcher very
successfully for MPASI. However, this study highlighted that the process and user-
interface design of the software needs to be modified and simplified significantly for
MPASI, even with young people who are proficient in the use of mobile phones and
associated applications. To complete a survey successfully required participants to receive
and read the SMS; know how to find the software application on the phone; load the
application; complete the appropriate permissions (for example, allowing the software to
access the network); download the correct survey, given that prior surveys, including
tutorials, remained on the phone if not deleted; successfully work through the survey;
and, finally, upload the completed response. Despite thorough training, text messages
sent to the research team by participants suggested that the process was too complicated

for a significant number of participants to complete. Participants reported deleting the
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application, not being able to find it or the surveys and not having the application

available in the phone they had inserted the donated SIM card into.

On the positive side, participants showed huge enthusiasm for the mode of response. At
their own expense, and without further prompting, many participants continued to
submit responses for over a year after the original data-collection wave had ended.
Furthermore, the response rate of 36.5% compares favourably with rates reported for
web surveys. In a recent meta-analysis of 39 mode-comparison studies from the past 10
years, Shih and Fan® report average response rates of 45.0% for mail surveys, and 34.0%
for web surveys. In a second meta—analysis.91 a slightly higher response rate of 53.0% was

found for mail surveys, with 33.0% for email surveys.

In order to assess whether the novelty of responding to a mobile survey may have
artificially raised the wave-one response rate, we compared participants who sentin a
response to wave one with participants who also submitted a wave-two response. Of the
105 respondents who uploaded a response in wave one, 59 (56.2%) also submitted a
response in wave two. However, there were 25 (of the 84 wave-two respondents) who
only submitted a wave-two response (29.8%). It is not clear whether technical difficulties
or a decline in novelty played a role in the submission of data in only one of the two

waves.

The item-type analysis revealed significant differences in the type of questions that
participants skipped. Numeric fields were left blank more often than other question

types. Free-text fields were mainly populated with short responses made up of SMS-
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abbreviated words. The question format that showed the most potential was the

multiple-choice format, since it was skipped less frequently than numeric fields and
provided more useful data than the free-text field responses. Future mobile-survey
designers should consider the multiple-choice question as a key component of their

survey.

Although the use of “apps” is widespread in high-income countries where smartphones
are more common, the “app” approach to MPASI in the youth of low and middle-income
countries (at this time) should be considered tentatively. SIM swapping, phone “loss” and
app deletion all contributed to the low response rate achieved. Similar challenges were
found in a recent review of SMS applications in the prevention of disease in low-resource
countries'®®. Barriers included high mobile-phone turnover and system maintenance
difficulties. One avenue for further research would be to explore leveraging individuals’
personal handsets while at the same time adjusting the complexity of the survey-delivery
software. In 2009, 66.2% of the cohort reported owning their own personal handset*°.
Using individuals’ own handsets would alleviate several challenges faced when managing
study-provided handsets, although not knowing the type of phones owned by the cohort
would introduce complications in relation to software development. An alternative
approach that may better suit young adults in low and middle-income countries, and one
that would avoid many of the challenges outlined in this paper, would be to conduct
MPASI through an SMS-based survey system or through social network sites'®. This
would be more familiar to participants than having to install and manage sophisticated
survey software, and at the same time would ensure that items remained short and easy

to comprehend.
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In conclusion, although this study found many challenges in effectively collecting data
using MPASI, the findings do not exclude the possibility of MPASI being a suitable tool for
the population group. If correctly understood and utilised, mobile phones remain a viable
way to collect data and stay in contact with the majority of the migrated BT20 cohort,
especially if combined with other modes of data collection (e.g. email, web survey and
mail-in surveys). The challenge is now to find a more streamlined way of exploiting this
opportunity. However, even unchanged, the current system could successfully be used
with a significant number of participants, thus lessening the cost and effort of future
data-collection waves, where personal contact could be pursued for only those
participants who struggle with the current system. The ubiquity and portability of mobile
phones make them an enticing tool for the collection of sensitive information from young
adults. The results obtained in this paper support this approach. Further research is
needed to explore other approaches to MPASI among young adults in low and middle-

income countries.
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Chapter 5: Collecting maternal health information from HIV-positive pregnant women

using mobile-phone-assisted face-to-face interviews in Southern Africa

5.1 Introduction

One half of people living with HIV globally are women and 76% of all HIV-positive women
live in Sub-Saharan Africa'®, where almost half of the world’s maternal, newborn, and
child deaths occur, with 4.7 million children and 276 000 women dying annually*®***.
Mothers living with HIV (MLH) are particularly vulnerable and at risk of adverse maternal
outcomes, with at least 20% of maternal deaths being HIV-related'®*. South Africa makes

194

up a large proportion of this disease burden, with 3.2 million women living with HIV™™", of

whom 200 000 annually are pregnant'®. The province of KwazZulu-Natal (KZN) has the

196

highest HIV prevalence in South Africa™". While the national prevalence is around 11%"%,

40-60% of pregnant women in rural KZN are HIV-positive'®’*%,

In response to this crisis, South Africa has implemented the Prevention of Mother-to-
Child Transmission (PMTCT) programme as recommended by the World Health
Organization (WHQO). The PMTCT programme requires newly pregnant women to

199 that

complete a series of sequential steps, sometimes known as the PMTCT cascade
are aimed at first diagnosing and then treating HIV infection®®. Under ideal
circumstances, where no barriers exist to the completion of all tasks, PMTCT has been
shown to be highly effective at reducing HIV transmission to below 2% at childbirth®®*.
Under the less than ideal circumstances faced by many MLH in low and middle-income

countries (LMIC), transmission can occur in approximately one out of every four

deliveries®®. Some of the challenges that make adherence to each of the PMTCT tasks
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challenging are being unable to afford transportation to the clinic, fear of stigmatisation,

199 1o better understand these

increased household conflict and lack of partner support
barriers and their impact on the loss of women through the PMTCT cascade requires
accurate, timely and detailed information. Yet gathering data that tracks women’s

progress through PMTCT to determine how well the system is performing is beset with its

own challenges.

One of the major challenges faced in the collection of high-quality data is human-resource
constraints. Trained and qualified health staff are in short supply in many resource-

constrained settings203

. Task-shifting strategies used to address these shortages have led
to a perceived increased burden for data collection and collation®®*. Minimal support,
delayed feedback, little understanding of the usefulness of the data and no interpretation
of raw scores mean that the completion and submission of multiple paper-based registers
for statistical purposes is often regarded as a low priority for busy and overburdened
staff?%. It is therefore unsurprising that register data has been shown to be fragmented,

. . . 205,2
error prone, incomplete and inaccessible?*>?%,

The usefulness of this register data is further compromised by the fact that it is unlinked,
i.e. it is not possible to link individual clinic visits to the same person. This means that
although aggregate data may be available, it is difficult to track the path of individuals
through the PMTCT cascade. This makes it difficult to identify and understand the
bottlenecks in the cascade. These constraints and challenges raise the question of

whether there is not a more efficient way to support staff and perform monitoring and
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evaluation of the PMTCT programme in geographically remote primary health care

facilities®”’.

There is currently a groundswell of interest in the use of mobile phones and information

communication technologies in the support of health**?

. The growing body of mHealth
literature provides examples of the use of mobile phones as data-collection tools in low
and middle-income countries. Although evidence is mixed, on the whole the use of
mobile phones as data-collection tools has been found to increase data quality, speed up
the turnaround time from collection to analysis, and improve inter-facility

communications?41°0152.208

. Poor follow-up rates could potentially also be improved with
mobile phones providing links to participants that are cheaper and more immediate than
travel to facilities. These advantages over traditional paper-based clinic registers suggest
mobile phones as a potential tool with which to address some of the challenges currently
experienced in collecting health information through the PMTCT cascade. The aim of this
paper is to describe the feasibility and acceptability of using mobile phones to collect data

from pregnant HIV-positive women enrolled into the PMTCT programme in KwaZulu-

Natal, South Africa.

5.2 Method

5.2.1 Study design
This study was nested within a larger clinic-based randomised cluster trial known as

Project Masihambisane (“let us walk together”)?®

. The primary study aimed to improve
mental and physical health outcomes of HIV-positive mothers and their babies by

supplementing the PMTCT programme with paraprofessional peer mentors (PM). Using a
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mixed-methods design, qualitative data from a single, small focus group was
supplemented with two quantitative questionnaires. Paradata, or data on the data-
collection process, were gathered in order to examine the feasibility of mobile-phone-

assisted personal interviewing (MPAPI).

5.2.2 Participants and procedures
Three groups of participants took part in this study. The first, recruited for participation in
the focus group, and consisting of 12 pregnant HIV-positive women living in this region of
South Africa, were enrolled through community forums set up for the larger study. Before
the focus group was held, each woman was interviewed by a research assistant using a
mobile phone. The questions asked ranged from general health questions about the
participants’ knowledge of HIV to more sensitive questions about recent sexual activity,
condom use and disclosure of HIV status to their partners. After completing the
guestionnaire, the group was brought together to participate in a focus group about their
experience. Five questions were designed to facilitate the discussion about general
mobile-phone ownership and their reactions to the interview conducted by mobile
phone. The focus group lasted for an hour with extensive notes being taken about

responses.

The second group of participants was the 16 field research staff recruited and trained on
MPAPI for the primary study. Although these participants were all familiar with pen-and-
paper questionnaires, none had ever used MPAPI. Before receiving any training on
MPAPI, the group was asked to complete a short questionnaire with items from the

210

Technology Acceptance Model proposed by Davis®™. The scale contains 12 items, six
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relating to the perceived usefulness of mobile phones for research purposes and six to
the perceived ease of their use (Table 5.1). Each item was rated on a five-point Likert-type
scale ranging from “extremely likely” to “extremely unlikely”. Following training, which
lasted three days, a post-training assessment was conducted using the same
guestionnaire. After completing training, field staff were dispatched to eight primary
health care clinics in a rural district typical of those found in the region, where they began
interviewing pregnant HIV-positive women for the primary study. After a period of three
months the questionnaire was administered for a third time to gauge if use of the mobile

phone in the field had altered perceptions and attitudes towards the tool.

Table 5.1. The twelve items of the Technology Acceptance Model Scale

Perceived Usefulness

ltem 1 Using cell phones to collect data in my job would enable me to
accomplish tasks more quickly.

ltem 2 Using cell phones to collect data would improve my job
performance.

ltem 3 Using cell phones to collect data in my job would increase my
productivity.

ltem 4 Using cell phones to collect data would enhance my
effectiveness on the job.

ltem 5 Using cell phones to collect data would make it easier to do my
job.

ltem 6 | would find cell phones useful in my job.

Perceived Ease of Use

ltem 1 Learning to operate a cell phone would be easy for me.

ltem 2 | would find it easy to get a cell phone to do what | want it to do.

ltem 3 My interaction with cell phones would be clear and
understandable.

ltem 4 | would find cell phones flexible to interact with.

ltem 5 It would be easy for me to become skilful at using a cell phone.

ltem 6 | would find a cell phone easy to use.
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The third and final group of participants were pregnant HIV-positive women recruited
through the primary study. Participants were recruited in the Umgungundlovu Health
District of KZN. The district, comprised of seven local authorities, has 48 fixed clinics, four
community health centres, nine tertiary hospitals and an estimated population of some
995 000 people®®. From this district, eight clinics were selected through a clinic audit
conducted in December 2007. The selection criteria, applied to all potential clinics in the
district during the audit, were: presence of other research trials; clinic size; availability of
ante-natal and post-natal services; and uptake of ante-natal and post-natal services at the
clinic. The clinic audit resulted in the selection of four pairs of clinics for the study,
matched on size (small versus large) and geography (rural versus urban). Women who
met the eligibility criteria of being 18 years or older, less than 34 weeks pregnant and
planning to reside in the study area for the duration of their pregnancy were invited to
participate in the primary study. Using a continuous sampling strategy that started
approximately halfway through the primary study, 512 of the 1 204 women enrolled into
the primary study were recruited to participate in this sub-study. A standard consenting
process was used where all potential participants were first introduced to the study using
an information sheet. The sheet contained a clear description of the study, the
information that would be collected and the procedures that would be used. Written

consent was then obtained from each women.

5.3 Statistical Analysis
Data was downloaded as comma-separated values from the online Mobile Researcher
database. This CSV file was then imported into SPSS 19. This data was analysed using

exploratory data-analysis techniques. Chi-square statistics were calculated difference
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between demographic variables and phone owenership along with survey mode
preferences. Univariate analysis was used to analyse Perceived Ease of Use and Perceived
Usefulness scale data. The quantitative data was supplemented by a thematic analysis**

performed on the qualitative data generated during focus group discussions.

5.4 Fieldwork Supervision and Ethical Approval

A team of 16 data collectors administered the questionnaire and two coordinators
employed by the primary trial supervised all aspects of the study in the field. The
coordinators’ role included managing informed consent, supporting field activities and
monitoring data quality through quality-assurance checks and ongoing training and
supervision of field staff. Ethical approval for the study was obtained from the
Witwatersrand Human Ethics Committee. All participants were taken through a study

information sheet before signing a form giving written consent to participate.

5.5 Results

5.5.1 Acceptability

5.5.1.1 Focus group
All focus group participants were HIV-positive and pregnant. The majority (9/12) had
learnt their HIV status through the PMTCT programme during their first pregnancy. For
four of the women this was their first pregnancy and only one of the four had already
known that she was HIV-positive. The mean age of the focus group participants was 26
years. Despite an estimated household (not per-capita) income of R1 600 per annum for
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rural communities in this district™™", all 12 women in the focus group had access to a
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mobile phone at home, with a full two thirds (8/12) personally owning a phone. The four
women who did not own a mobile phone had access to a sibling’s phone. When asked
how important access to a mobile phone was for them, all but one stated that it was

extremely important.

Reflecting on the experience of being interviewed using a mobile phone, a number of
women reported initial feelings of anxiety about the multimedia capabilities of the phone.
In particular, women were concerned about being filmed or photographed by the camera,
which had a lens situated on the back of the phone. One woman said:
| feel it is ok [to be interviewed on the phone] but it is slightly scary. | feel as though
you are recording a video of me. But it’s alright. It was not nice when the
interviewer held the phone too close to me because | was worried about the phone

camera... whether | was being recorded.

Two important factors mediated this experience. Firstly, the model of Nokia phone used
influenced how comfortable the interviewees felt. The less familiar looking E61i business
phone raised more concerns from participants than the more familiar candy-bar-shaped
2630. Secondly, the interview style adopted by the interviewer impacted significantly on
the experience. Although all interviews were one-on-one, some interviewers took up a
position directly opposite the woman, while other interviewers adopted a side-by-side
position. For those women who experienced the side-by-side interview, being filmed was
reported as being less of a concern. Women who were interviewed by an interviewer
sitting directly opposite them felt that side-by-side interviewing would have alleviated

much of their anxiety about being photographed. The side-by-side approach had the
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added benefit of allowing the women who reported being curious about the
guestionnaire to see what was being asked and captured on the phone. One participant
said, I enjoyed that the interviewer let me see the questions and shared me what was
being recorded. This information was incorporated into the primary trial by training
fieldworkers to offer MLH the opportunity to sit alongside them during the interview.
5.5.1.2 Cross-sectional questionnaire
From October 2010 to March 2011, Project Masihambisane conducted 708 interviews
with 520 participants (some participants completed interviews at two different time
points). Of these 520 participants, 512 agreed to take part in the mobile-phone
guestionnaire. The mean age of participants was 27 years, and participants spoke
primarily isiZulu (93.4%). A small minority had either no schooling (1.6%) or a tertiary
qualification (5.8%). Of the remaining 92.6%, 36.4% had completed primary schooling,
39.9% had started but had not completed secondary schooling, and 16.3% had completed
secondary school. Roughly the same percentage of women were married (10%) as were
living completely alone (11.9%); the others were either married and living apart, or single
and in a co-resident or non-co-resident relationship. There was a 60/40 split between
women living in rural versus peri-urban areas; 35.5% had running water on the premises,

59.2% had flush toilets and 82.6% had electricity.

Despite 42.4% of the sample being unemployed, 84% stated that they owned a mobile
phone. The majority of these handsets were manufactured by Nokia, ran the Symbian
operating system and were able to run Java 2 Micro Edition (J2ME) applications (87.4%), a
version of the Java programming language designed to run on resource-constrained

devices such as mobile phones. Self-report sets the mean length of ownership at 3.3 years
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with a median amount of R30 being spent on airtime per month. Table 5.2 compares the
demographic profile of those who own versus those who do not own a mobile phone.
Chi-square tests found significant associations between age (x* 6.34, df 2, p=0.042),
education (x?33.52, df 2, p=0.000), socioeconomic status (SES) (x> 27.65, df 2, p=0.000),
occupation, housing characteristics (water: x*9.79, df 1, p=0.002; electricity: x> 9.6, df 1,
p=0.002; flush toilet: x> 12.68, df 1, p=0.000) and ownership of a mobile phone. Pregnant
women with HIV are less likely to own a phone if they are 20 years old or younger, have a
primary school education, are in the lowest SES group and do not have household luxuries

such as running water, electricity or flushing toilets.

On a three-point scale, the participants rated the experience of the mobile-phone
questionnaire as positive, neutral or negative; 485 (94.7%) of the 512 participants
reported a positive experience (Table 5.3). There were 24 (4.7%) neutral responses and
three (0.6%) who disliked the mobile-phone questionnaire. With respect to questionnaire
mode preference, one third (29.5%) had no preference, two thirds preferred the mobile-

phone questionnaire (67.8%) and 2.7% preferred pen-and-paper questionnaires.

A one-way ANOVA revealed a significant increase in positive rating when comparing the
number of interviews completed before taking the questionnaire; that is, people who had
completed four MPAPI interviews before taking the questionnaire were significantly more
likely to rate the questionnaire experience positively than those participants taking an

MPAPI questionnaire for the first time (F = 6.795, df=3, p < 0.01).
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Table 5.2. Demographic characteristics of Mothers Living with HIV (n=512) surveyed in

2010

Do Not Own Phone

Own Phone (n=430)

(n=82)
Respondent Characteristics N % 95% CI N % 95% CI
Age
20 yrs and younger 19 23.2 | 15.4-33.4 |55 12.8 10-16.3
21-30 yrs 39 47.6 |37.1-58.2 | 247 57.4 52.7-62
31-40yrs 24 29.3 |20.5-39.9 | 128 29.8 25.6-34.3
Education
Primary Schooling* 28 34.1 | 24.8-44.9 | 45 10.5 7.9-13.7
Secondary Schooling* 53 64.6 | 53.8—-74.1| 356 82.8 78.9-86.1
Tertiary Schooling 1 1.2 0.2-6.6 29 6.7 4.7-9.5
Socioeconomic Status
Lower* 25 305 [21.6-41.1 |48 11.2 8.5-145
Middle 53 64.6 | 53.8—74.1 | 293 68.1 63.6-72.4
Upper* 4 49 1.9-119 |89 20.7 17.1-24.8
Occupation
Full-time* 6 7.3 34-151 |89 20.7 17.1-24.8
Part-Time 27 329 [23.7-43.7 | 121 28.1 24.1-32.6
Unemployed 44 53.7 | 42.9-64 174 40.5 35.9-45.2
Other 5 6.1 2.6-135 |46 10.7 8.1-14
Region
Local Government 36 |439 [337-547 171 |398 |353-445
Administration
Traditional Administration 46 56.1 | 45.3-66.3 | 259 60.2 55.5-64.7
Housing
Running water on premises* | 48 585 |[47.7—-68.6 | 324 75.3 71.1-79.2
Electricity* 58 70.7 | 60.1-79.5 | 365 84.9 81.2-88
Flush toilets* 34 41.5 |31.4-52.3 | 269 62.6 57.9-67

* Significant different using a 95% confidence interval
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Table 5.3. Questionnaire experience and preference of Mothers Living with HIV (N=512)
surveyed in 2010

Do Notr:)z\;l;)Phone Own Phone (n=430)
Respondent Characteristics | N % 95% ClI N % 95% ClI
Questionnaire Experience
Positive 76 | 92.7 | 84.9-96.6 | 409 95.1 92.6 -96.8
Neutral 6 7.3 34-151 18 4.2 2.7-6.5
Negative 0 0 0-45 3 0.7 0.2-2
Questionnaire Preference
Phone 50 |61 50.2-70.8 | 297 69.1 64.5-73.3
Paper and Pen 5 6.1 2.6-13.5 9 2.1 1.1-39
No Preference 27 329 |23.7-43.7 | 124 28.8 24.8-33.3
Concerned about privacy 9 11 59-19.6 |23 4.1 3.6-79
Contiernef:l a.bout 6 73 34-151 21 4.9 32-74
confidentiality

5.5.1.3 Field research staff
Sixteen field research staff were recruited, trained and dispatched to eight health
facilities as part of the primary trial. All participants were female, and the average age
was 27. Phone ownership was high, with 15 out of the 16 participants owning their own
mobile phone. All of the field research staff had completed their secondary education,
with 14 having completed a three-year tertiary degree. All had previous experience with
paper-and-pen questionnaires but none reported ever having performed a mobile-phone-

assisted interview.

A two-way, repeated-measures ANOVA was performed on the two-factor TAM scale (ease

of use and usefulness) across three time points (pre-training, post-training, post-use).
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There was a significant main effect for the time point at which the data was collected
(F(1.189, 16.649) = 8.62, P = .007). There was, however, no significant main effect
between perceived ease of use and usefulness (F(1, 14) =.924, P = 0.35) or any
interaction effect between these factors and time (F(2,28) =.621, P = 0.54). The findings
are presented in Figure 5.1. With a maximum score of 55 implying extreme dislike of the
tool, field research staff’s attitudes towards ease of use and usefulness of mobile phones

before training were already positive.
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Figure 5.1. Estimated marginal means for the main effect of time

After the three days of training, staff reported perceiving the mobile phones as
significantly easier to use than at the baseline measure. Further, the perception of mobile
phones as a useful tool with which to collect data underwent an even greater positive
shift. The training also increased positive perceptions of the mobile-phone survey as a

useful way in which to collect data. The positive perceptions were linked to the insight
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that the mobile phones would allow more accurate data to be collected in a timely
manner with less administrative burden than paper forms. After three months of use,
perceptions of both the usefulness and ease of use of mobile-phone-assisted
guestionnaires decreased but remained above levels reported pre-training. This decrease
in perceived usefulness and ease of use is thought to be related to a more realistic view of
the device’s potential being realised through practical experience. It is important to note
that real-world use did not significantly reduce perceptions of either usefulness or ease of

use.

5.5.2 Feasibility
Over the course of the primary study (July 2008 to April 2010), 13 653 mobile-phone-
assisted questionnaires were submitted and 13 650 received by the data centre. This
number includes the questionnaires that were used to capture three full-length health
assessments, the patient-carried maternal health cards and the daily clinic attendance
registers. All clinics had good network coverage and questionnaires were received on

average 4.2 minutes after being completed.

Participants were identified through the capturing of two unique numeric identifiers. Of
the 3 012 full-length questionnaire assessments, 57 (1.9%) were not able to be linked to a
participant due to errors in the first 11-digit unique identifier. All 57 cases were resolved

by referring to the second five-digit identifier.

Of the 18 mobile phones that were bought for the study, one handset was stolen during a

mugging and one became unusable 13 months into the study after a hardware failure.
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The remaining handsets are still functional and in use. Over the course of the study there
were very few hardware and/or software challenges. To deal with the possibility that
phones would be used for private calls and other electronic communications, mobile
phones were loaded with a fixed amount of airtime (R200) at the beginning of every

month. When this allocation was consumed, staff were responsible for airtime top-ups.

Automatic processing of submitted data enabled field team leaders to monitor the
number of interviews, length of interview and quality of interview response being
submitted by field staff on a web-based dashboard page. An excerpt from the remote-
monitoring web dashboard is given in Figure 5.2. At a glance, field coordinators were able
to see the minimum and maximum number of interviews per clinic, typical monthly
range, current performance and a trend indicator. These figures could be filtered by
guestionnaire, year and month. This quick access to reliable data made it possible to
respond rapidly to the ever changing challenges faced by staff working in a rural clinic
environment. The approach would also be more easily scaled up to the monitoring of
many more clinics than would alternative management strategies based on paper and

data capturing into a locally stored database.
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Figure 5.2. Webpage dashboard snippet summarising research assistant interview
performance for a baseline interview conducted in September 2009

5.6 Discussion
The present study evaluated the acceptability and feasibility of using mobile phones to
collect data from HIV-positive pregnant women who were enrolled into the PMTCT
programme in KwaZulu-Natal, South Africa. Results suggest that the method was
accepted by both affected women and the interviewers trained to collect the mobile-
phone questionnaires. The feasibility of collecting data from remote primary health care

facilities was found to be high in this particular context.
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5.6.1 Acceptability

5.6.1.1 Women living with HIV
In preparation for interviewing pregnant women living with HIV in a clinic environment, a
focus group with 12 women was undertaken. The experience of completing a face-to-face
mobile-phone-assisted interview was acceptable to the majority of women. The major
concerns raised in the focus group discussion suggest two important recommendations.
First, if mobile phones are to be used in health settings as data-collection tools, it is
advisable for health staff to adopt an open, side-by-side interviewing style. By placing
themselves alongside the women, concerns about data privacy, participant confidentiality
and interview anxiety can be minimised. Secondly, using the informed-consent process to
explain exactly how data will be collected, how it will be transmitted and who will have
access to this private information may reduce participant anxiety about the MPAPI
process. Taking these considerations into the clinic-based questionnaire, 512 women
were asked to complete a short questionnaire about their experience. Overall, the
acceptability of this interview method was confirmed with 94.7% of women, who viewed
the experience positively. Only three women reported the experience as being negative
for them. Given a choice as to whether future interviews should be conducted using
mobile-phone-assisted interviewing or paper and pen, only 2.7% expressed a preference

for paper and pen.

Ownership of mobile phones among pregnant MLH, while high at 84%, was significantly
associated with age, education, socio-economic status and occupation. This has both
positive and negative implications. Positively, the potential of mHealth to reach MLH was

confirmed with eight out of every ten women owning a mobile phone. Caution must,
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however, be exercised to ensure that mHealth programmes, which often aim to increase
access to marginalised and under-resourced individuals, do not inadvertently further

disadvantage the most disadvantaged MLH.

5.6.1.2 Field staff
Perceived ease of use (PEO) and perceived usefulness (PE) of MPAPI were consistently
rated highly by clinic-based research assistants. It is not clear whether this rating is in
response to a dislike of paper-based data collection or an affinity for mobile phones.
Although PEO and PU dropped after three months of field use, they remained above pre-
training perceptions. The decrease is likely linked to the fact that real-world use is often
more limited than that portrayed under the ideal conditions made possible in a controlled
training environment. Nevertheless, the decrease was not significant and remained high
for both perceived usefulness and ease of use. This finding suggests that after extended
clinic-based use, the mobile-phone-assisted interviews remained useful and easy. Training
was found to increase PEO and PU significantly, and highlights the importance of
providing a comprehensive training package in order to familiarise staff with both the

concepts and practice of MPAPI.

5.6.2 Feasibility
The feasibility of using mobile-phone-assisted interviews as part of a clinic-based PMTCT
programme was monitored for 21 consecutive months. During this time over 13 000 data
forms were submitted with only three reported as being sent by research assistants and
not received. Very few phones were lost, broken or stolen, and network coverage was

good at all eight clinic facilities. A number of strategies were used to control airtime use,
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the most effective being a fixed amount of airtime loaded onto the handset at the
beginning of the month, and research assistants topping up if they depleted this amount.
Initial concerns about charging handset batteries were unfounded as all clinics had

electricity.

These limited challenges were supplemented by a number of perceived benefits. The
management of geographically dispersed staff was improved through the use of real-time
data presented in visually appealing summaries. This allowed problems to be flagged
much earlier than if data were captured on paper and collected from the clinics on a
monthly basis. Although not used in this study, the ability to geo-tag questionnaire
responses could also assist in the management of community health workers providing
home-based care. Questionnaire management was also found to be improved with a
virtual dashboard giving valuable up-to-date information on key project indicators.
Whenever a new questionnaire needed to be introduced or changes needed to be made
to an existing questionnaire, updates could be rolled out immediately to each clinic
without the need to recall out-of-date paper forms. This problem besets current paper-
based registers. Whenever a new indicator needs to be collected or a change in indicator
definitions occur, old forms continue to be submitted by facilities whose staff members
either do not receive the updated forms or who prevent wastage by continuing to use old
form stock. Finally, this study found it feasible to track and link the PMTCT data of
participants over a 10 to 14-month period. Although 2% of the records could not be
linked due to data-entry errors in the unique identifier, the use of a second identifier

resolved these cases.
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5.7 Relevance to PMTCT Cascade

Paper-based records that inform the KwaZulu-Natal District Information System have
been shown to be of poor quality and in a format that makes the tracking of women
through the PMTCT cascade difficult®®®. While data collection using mobile phones is
proposed as an alternative in other settings?®**'2, little is known about the acceptability
and feasibility of using mobile phones to collect data from MLH in this setting. The
findings presented here suggest that mobile-phone-assisted personal interviewing is
indeed acceptable to both MLH and interviewers. The use of mobile phones for data
collection also proved feasible and provided a number of advantages to the data-
collection process over traditional ways of collecting data in a rural clinic setting. One key
benefit for the PMTCT programme was the ability to link women’s data over a number of
visits. This made it possible to track enrolment, uptake and loss of individual women

through the PMTCT cascade.

5.8 Limitations and Future Work
The results obtained in this study suggest that MPAPI may be both feasible and
acceptable to use within the South African PMTCT programme. South Africa is unique
among African countries in its broad mobile network coverage, well-maintained mobile
infrastructure and electrification of rural health facilities. How well this approach to the
collection of PMTCT data would perform in the context of other low and middle-income

countries is therefore a limitation of this work.

The bi-directional communication abilities of mobile phones also hold promise as a way to

provide regular and relevant feedback to clinics. With a large proportion of women
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owning mobile phones, future studies should explore the acceptability and feasibility of
extending PMTCT data collection into the home by using mobile-phone-assisted self-

interviewing.
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Chapter 6: Collecting health research data: Comparing paper-and-pen to mobile-phone-

assisted data collection.

6.1 Introduction

Survey data is routinely collected in health research. Over time the methods used to
collect these data have evolved due to the influence of available computer technology. In
many parts of the world rapid technological diffusion has resulted in computer-aided
interviewing (CAl) becoming the dominant method for completing both self- and

interviewer-administered surveys213

. The major impacts that technological advancements
have had on survey methods include: a move from interviewer administration to self-
administration; the enhancements of surveys through audio-visual content; survey device
mobility; and the ability to measure the behaviour of interest continuously62’214. These
trends, driven by advancements in the fields of distributed computer networking and

mobile computingzg, have supported the development of computer-aided survey

techniques such as CAPI, ACASI, mobile CASI, IVR systems and web and email surveys.

Computer-aided surveys have been shown to have a number of advantages over
traditional paper surveys. These include automated skip patterns reducing the cognitive
burden placed on the interviewer, the incorporation of logical consistency and range field
checks, and the speed at which data can be made available for analysis®*>. Computer-
aided interviewing has also been found to have some unique challenges to overcome in
the context of low and middle-income countries. Traditional CAl devices are typically
expensive, better suited to controlled environments that are electrified and generally

require highly skilled individuals to manage216. These requirements can make
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implementation difficult in resource-constrained contexts where infrastructure such as
electricity and wired broadband Internet, expensive computer hardware and skilled
human resources are often not widely available. To gain the advantage of electronic data
collection while remaining mindful of the contextual constraints, many researchers have

piloted the use of PDAs in developing countries'?%*7218,

More recently, mobile phones have also begun to show promise as data-collection
devices in low and middle-income countries. For example, a public-health sentinel
surveillance system using mobile phones was shown to increase the detection and

%> Although often

response speeds to viral outbreaks of malaria in Madagascar
considered equivalent, important differences exist between typical PDAs and mobile
phones. Most importantly, PDAs do not connect wirelessly to the Internet using a mobile
network connection. They must be brought into close physical proximity to another

d**?. With mobile phones, the cellular

computer onto which the data is downloade
network allows data to be uploaded in close proximity to the geographic location of the
survey. Second, mobile phones have become much more ubiquitous in the general
population than PDAs. Recent estimates by the International Telecommunication Union
put global penetration of cellular services at around 87%, meaning that close to six billion
people own a mobile phone. The developing world is not far behind this global average,
with an estimated 4.5 billion people (79%) having a mobile-phone subscription97. Finally,
PDAs are often operated using a stylus, whereas modern mobile phones use either a
QWERTY keyboard or are touch enabled®®. These differences make mobile-phone-

assisted personal interviewing (MPAPI) sufficiently different from PDA-assisted interviews

to warrant further study.
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The aim of this paper is to compare data accuracy and costs of health research data
collection using MPAPI and paper-and-pen (PAP) survey methods. It is hypothesized that

both data accuracy and cost-effectiveness will be greater for the MPAPI survey.

6.2 Method

6.2.1 Study design and sample selection
A randomized two-group post-test design was used. Random assignment accounts for
potential baseline differences by distributing potential confounders across the two
groups. Instead of randomizing interviewees, interviewers were randomly assigned one of
two data-collection methods using a computerised random number generator.
Interviewers were recruited from two large rural research offices in the province of
KwaZulu-Natal, South Africa. These sites were chosen as both employ a large number of
individuals who routinely collect health research survey data from community members
in rural and semi-urban areas. Study recruitment posters were placed in both offices, and
interested staff members were asked to submit their details. Of the 132 people who
expressed interest, 100 (75%) were randomly selected and enrolled into the study.
Assuming a medium-effect size of 0.5 for Cohen’s d, this number of participants gives an
independent samples t-test an 80% chance of detecting a significant difference between

means. Interviewers varied in age, gender and education (see Table 6.1).
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6.2.2 Procedure

6.2.2.1 Group selection
The 100 participants were randomly assigned to either a mobile (MPAPI) (n=50) or pen-
and-paper (PAP) (n=50) survey group. The two groups were similar in age and gender but

differed with respect to education and years of experience (see Table 6.1).

Table 6.1. Comparative demographic profiles of interviewers enrolled to collect survey
data using either paper and pen or MPAPI

N =100 Paper Mobile
Assessment Assessment n=50
n=50
% M | SD % M | SD % M SD

Age

< 27 years 34 30 38

28 to 32 years 27 32 22

33 to 37 years 27 26 28

38+ years 12 12 12
Gender

Male 29 22 36

Female 71 78 64
Education®

Incomplete Secondary 19 30 8

Schooling

Completed Secondary 37 42 32

Schooling

Completed Tertiary 44 28 60

Education
Interviewing Experience 1.6 | 1.9 1.1 |15 22122
(years)®

a. Education levels of the two samples were significantly different x2(2)=12.86,p<0.01
b. Years of experience in the two samples were significantly different t(98)=2.88,p<0.01
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6.2.2.2 Interviewer Training
All 100 interviewers were provided with one hour of basic training in completing the
guestionnaire. The MPAPI group received an additional two hours of training on how to
use the mobile handset and the survey software (Mobenzi Researcher,

http://www.clyral.com). It is unlikely that this additional training time affected results as

it was aimed at providing only a basic level of familiarity with phone navigation and

application use.

6.2.2.3 Measures
A 43-item survey that included a range of question types was assembled from existing
guestionnaires designed to explore social and health behaviour. The survey included
numeric, date, text, time, and single and multiple-selection fields. A paper version of the
survey was prepared in Microsoft Word and translated into isiZulu. Both English and
isiZulu versions of the survey were programmed onto the mobile phones using the

Mobenzi Researcher web-survey design interface.

6.2.2.4 Mobile survey software
The commercially available software, Mobenzi Researcher, and its associated data
management portal were designed by Clyral (2011). Mobenzi Researcher is a Java 2 Micro
Edition (J2Me) application that runs on all MIDP v2 compliant handsets. It provides full
survey functionality, including the ability to create various question types, mark fields as
mandatory and intelligently manage survey branching. Nokia Mobenzi Researcher was

installed on Nokia E63 handsets.
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6.2.2.5 Data collection
Each of the 100 interviewers conducted interviews with the same five interviewees for a
total of 500 interviews. The five interviewees were extensively trained on the survey and
coached to give exactly the same answers to each of the survey questions. Simulating the
interaction for both phone and paper groups made it possible to deduce when and how
data-capturing errors were introduced into the survey by interviewers. To ensure that the
interviewees were giving the agreed-upon answers every time, 25% of the interviews
were observed and recorded by a neutral observer. By collecting five interviews for each
interviewer it was possible to a) establish within-subject error variability; b) examine
practice effects; and ¢) more accurately assess the number of errors made by each
interviewer. After completing an interview, data from the MPAPI group were uploaded to
a secure online database using a local mobile operator. The handwritten questionnaires
in the PAP group were captured into an MS Access database by a data-entry clerk. Only a

single round of data entry was used due to limited resources.

6.2.2.6 Analytic strategy
A binary scoring system (0 = correct response given by interviewer, 1 = incorrect response
recorded) was used to analyse the number of errors made on each questionnaire. These
binary scores were totalled to give a final error score for each interviewer, and error
scores from each of the five interviews were averaged to give a mean error rate for each
interviewer. An independent samples t-test was calculated to compare mean error rates
for the two modes. In addition, a 2x5 Factorial ANOVA was computed to compare MPAPI
and PAP data-entry errors between the five interviewees. Factorial models were also run

that compared MPAPI and PAP across age, gender, education and interview number
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(practice effect). An incremental cost-effectiveness analysis was used to compare the

costs of these two approaches?*".

6.3 Results

In total, 381 data errors (missing data (70) and keying errors (311) introduced during
electronic data capture of the PAP surveys and response entry onto the mobile phones)
were identified in the 500 surveys (21 500 items) resulting in an overall error rate of 1.8%
(1.9% for PAP and 1.7% for MPAPI). Two PAP interviews were found to be incomplete but
were retained in the analysis. Comparing PAP to MPAPI, no missing fields were recorded
in the MPAPI survey, with all 70 missing responses occurring in PAP questionnaires. Of the
311 keying errors, 134 (43.0%) occurred on the PAP forms and 177 (47.0%) on the MPAPI
survey. Table 6.2 presents these figures along with comparisons by gender, age, interview

order and interviewee.

Both the means and variance were found to be similar for mode (F 0.511,df 1, p = 0.475)

and interaction between mode and interviewer (F 0.914,df 4, p = 0.455), but different for

interviewee (F 2.71,df 4, p = 0.03).
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Table 6.2. Comparison of data errors for PAP and MPAPI surveys by gender, age,

interview order and interviewee

N =500 interviews (21 500 items)
PAP MPAPI
n= 10 750 items n=10 750 items
Sum M SD Sum | M SD
Error Type
Missing 70 0.11 2.09 0 0 0
Different Value 134 0.54 2.21 177 0.71 1.11
All Errors 204 0.82 2.13 177 0.71 1.11
Gender (All Errors)
Male 50 0.91 2.34 66 0.73 1.22
Female 154 0.79 2.07 111 0.70 1.05
Age (All Errors)
18-27yrs 75 1.00 3.08 52 0.55 0.91
28-32yrs 68 0.85 2.04 51 0.91 1.12
33+yrs 61 0.64 1.00 74 0.75 1.26
Interview Order (All
Errors)
Interview 1 34 0.68 1.08 38 0.76 0.22
Interview 2 33 0.66 1.06 45 0.90 1.22
Interview 3 21 0.42 0.73 24 0.48 0.86
Interview 4 61 1.22 3.69 30 0.60 0.95
Interview 5 55 1.10 2.48 40 0.80 1.25
Interviewee (All Errors)
Interviewee 1 76 1.52 4.29 49 0.98 1.32
Interviewee 2 42 0.84 1.11 25 0.50 0.84
Interviewee 3 35 0.70 0.89 34 0.68 1.15
Interviewee 4 29 0.58 1.07 36 0.72 1.34
Interviewee 5 22 0.44 0.86 33 0.66 0.77

Errors in each of the five surveys were summed and an average calculated for each of the
100 interviewers. No significant difference (t = -0.209, df = 98, p = 0.835) in the number of
data errors was found between PAP and MPAPI surveys (Table 6.3), with error rates for

PAP calculated as 1.9% (errors per 100 items) and MPAPI as 1.6%.
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Table 6.3. Comparison of the mean number of data-entry errors made by interviewers
assigned to either PAP or MPAPI

. 95% Cl | 95% CI Std. . . Mean
Mode | Mean | Median T df | Sig (2-tail) )
Lower | Upper Dev Diff.
Mobile | 3.54 |3 2.48 4.60 3.72
Paper |3.72 |2 2.35 5.09 4.82
-0.21 |98 |0.84 -0.18

Age, gender, education and practice effect were considered as possible mediators of
error rate. Using an alpha of 0.05, none produced significant main or interaction effects
with survey mode. Practice effect, as measured by the data-error rates on questionnaires
1 to 5 by the interviewer was not significant (F= 1.360,df=4,p=0.247). The interaction
between practise effect and survey mode was also statistically not significant
(F=1.049,df=4,p=0.381). Gender produced similar results with no significant main
(F=0.405,df=1,p=0.526) or interaction effect (F=0.094,df=1,p=0.760). Although not
statistically significant (F =1.355, df=2,p=0.245), age varied systematically with data-
collection mode. Younger participants produced lower than average error rates when

collecting data using MPAPI and higher than average rates when using the PAP mode.

The average PAP interview lasted 5.5 minutes (sd = 2.6) while MPAPI interviews lasted on
average 14.2 minutes (sd = 6.47). A 2x5 Factorial ANOVA comparing mode and interview
number indicates both main and interaction effects. The interaction of mode and
interview order is one where survey duration remains stable across all five interviews for
the PAP group (interview one has a mean of 5.5 minutes and interview five 5.58 minutes),
while the MPAPI durations fell from interview one (mean = 18.7 minutes) to interview five

(12.76 minutes).
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Table 6.4. Effect of survey mode and the number of interviews already completed

(experience) on survey duration

Source df |Mean Square F o]

Survey mode 1 9278.855| 423.361 <0.01
Interview Order 4 165.038 7.530 <0.01
Survey Mode * Interview 4 172.787 7.884 <0.01

Order

Although duration times were not found to vary by age, age was found to be influential
when comparing the rate of change in survey duration; the group younger than 27 years
improved by 10.1 minutes from survey one to five, 28-32-year-olds improved by 4.5

minutes, and 33 years and older by 3.7 minutes.

It took on average 14.2 minutes from the start of the interview for MPAPI surveys to be
available for cleaning in Excel. Paper surveys were processed and captured as part of the
regular workload of a data-entry clerk. It took on average two to three days for this data to

be available for cleaning in Excel.

6.3.1 Cost-effectiveness
Total costs (including the combined fixed and variable costs) were US$778.93 for the PAP
survey and US$793.57 for MPAPI (Table 6.5). Fixed costs included the purchase of a
mobile-phone handset (US$88.57) for MPAPI, and pens (US$1.43) for the PAP surveys.
Variable costs for MPAPI included airtime, interviewer salary and survey software costs
(SUS2.82 per survey), while the variable costs of PAP included paper, printing, interviewer

salary and data-capture clerk’s salary, which totalled USS3.11 per survey. A comparison of
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costs and data-capture errors associated with PAP and MPAPI survey modes is shown in

Table 6.5.

Table 6.5. Costs and errors associated with PAP and MPAPI survey modes

Mode Surveys | Fixed Variable | Total Cost | Error-free Cost- Incremental | Incremental
Cost Cost n=250 Responses Effectiveness | cost effect
[C] [E] Ratio [AC] [AE]
Paper | 250 USS1.43 USS3.11 | US$778.93 | 10546 0.074 US$778.93 10546
Mobile | 250 USS88.57 | US$2.82 | US$793.57 | 10573 0.075 UsS$14.64 27

Both the cost-effectiveness of each mode was calculated as well as a comparison of the
two modes through the incremental cost-effectiveness ratio. For the 250 study surveys,
each error-free PAP response cost $0.07, similar to the cost of an error-free MPAPI
response ($0.08). When compared to PAP, an incremental cost-effectiveness ratio (ICER)
of 0.54 was calculated for the MPAPI. This indicates that although MPAPI surveys cost
US$14.64 more, the MPAPI survey produced an increased number of error-free responses
(27), i.e. each additional error-free response cost USS0.54. Extrapolating these costs to a
larger number of surveys suggests that after 301 surveys, MPAPI becomes more cost-
effective than paper (Figure 6.1). This projection should be interpreted with caution given

the study limitations mentioned in the following section.
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Figure 6.1. Extrapolation of survey cost and the humber of surveys conducted

6.4 Discussion

We compared data-capturing errors and costs of health research data collected in a rural
South African setting using PAP and MPAPI survey methods. Very low error rates of less
than 2% were found for both PAP and MPAPI. Errors were, however, found to vary
significantly with age. Younger participants made fewer errors in the MPAPI group than
older participants, while at the same time making more errors in the PAP group than
older participants. Cost-effectiveness was almost identical for the two modes. We found
no conclusive evidence to support our hypothesis that MPAPI would improve both data

quality and cost-effectiveness in this short survey, small-scale study.

Although limited information exists on MPAPI, electronic survey data collection using
PDAs have previously been compared favourably to PAP surveys across a range of

outcomes. Both missing values and data-entry errors have been found to be lower for
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PDA than paper surveys. Palen et al.”? report PDA surveys to be missing on average 0.8%
(SD=0.51) of responses, while paper surveys produced an average of 11.5% (SD=6.48)
missing responses. By comparison, this study produced no missing responses for MPAPI
and 70 (0.7%) for PAP. The ability to mark responses as “required” resulted in no missing
values appearing in the MPAPI dataset. Although missing values in the PAP dataset were
low, partly due to the interviewees been told to give the same answer to each question,
at scale, on longer surveys and under real field conditions the difference might become
significant.

Depending on the length of PDA training interviewers received, Patnaik et al.t®

report
data-entry error rates of between 0.1% (five days training) to 14% (two to three minutes
of training). After an hour of training on the questionnaire and an additional two hours of
mobile-phone training, we found error rates of 1.9% for PAP and 1.6% for MPAPI entries.

.23, who used PDAs to collect

This is similar to the rate of 1.7% found by Missinou et a
data for clinical trials in Gabon. As noticeable as the similarities in error rate of PAP and
MPAPI are, so are the overall low error rates achieved in this study. By hiring well-trained
and experienced staff, and by keeping surveys short and clear, very low error rates can be
achieved, irrespective of whether PAP or MPAPIs are used for data entry. The low error
rates may also partly be explained by the quality-assurance process embedded in this
study. A quarter of all surveys took place under the eye of an external supervisor. The
presence of the supervisor may have encouraged interviewers to take more care during
the interview. These tightly controlled conditions may well have had an impact on the

natural variability that may have arisen under a more typical field setting. While PAP

produced slightly fewer errors on the simple questionnaire used in the current study, as
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questionnaires become more complicated and include more skip patterns and

interviewer-decision points, the risk of error increases for the PAP mode.

Using a crossover design, Yu et al.*?°

report that 62% of participants perceived a PDA-
based survey to be quicker to complete than a paper survey. Data entry, validation and
cleaning took a total of 1.5 hours for the 120 PDA surveys and 20.5 hours for the 120
paper surveys. In the current study, a similarly dramatic decrease in the time from
interview to data availability was achieved for the MPAPI group. Data was available in
minutes using MPAPI, while PAP surveys, captured by a data clerk employed at one of the
field sites as part of their daily workload, took two to three days to return the data in
Excel. This time difference would become more pronounced as the number of surveys to
be captured increases. Contrary to Yu et al.”® we did not find the MPAPI interview (14.2
minutes) to be shorter than the PAP interview (5.5 minutes). A practice effect was,
however, observed for mobile participants, with Interview 1 taking 18.7 minutes and
Interview 5 lasting 12.7 minutes. Interview length for the five paper interviews remained
similar from Interview 1 (5.5 min) to Interview 5 (5.8 min). The effect was even more
dramatic for the younger interviewers, who cut their interview length by 50% by the fifth

interview. Despite the rapid improvement, their times were still double the average

length for paper-based survey.

Using commercial software (Mobenzi Researcher) and entry-level mobile phones, cost per
survey was very similar for MPAPI and PAP questionnaires. Calculating the cost for each
error-free response yielded values of $S0.07 for paper surveys and $0.08 for mobile-phone

surveys. PAP was found to be more cost-effective than MPAPI when less than 301 surveys
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needed to be completed. As the number of surveys rise above this cut-off, MPAPI
becomes the more cost-effective approach. When comparing the costs of paper with

.”* concluded that electronic data

web-enhanced handheld computers, Weber et a
collection was more cost-effective than paper surveys. A possible explanation for the
difference between Weber et al.’s ”* finding of reduced costs and this study’s finding of
comparable costs between paper and electronic data entry could be due to the different
software billing model employed in the two studies. In this study costs were levied by the
software developer on a per-item basis and therefore included as a variable cost. Weber
et al.”! were able to purchase their software outright at the start of the study, making it a
fixed cost. For mobile data entry to be cost-effective, it would seem more prudent to
either purchase the survey software, increasing the upfront investment, or explore the

cost associated with setting up one of the available open-source solutions (e.g. Open Data

Kit or EpiSurveyor).

In comparing these two methods, consideration should also be given to the experience of
the Interviewer. Although the interview portion of MPAPI interviews initially took longer
to complete than PAP, the efficiency of the entire interview process was improved for
interviewees in the MPAPI group. These efficiencies were gained primarily from the ease
with which interviewers could select the appropriately translated version of the survey
which was pre-loaded onto the phone. Anecdotal evidence suggests that the MPAPI
surveys were less intimidating for participants, as a mobile phone is a much more

common object than the formal-looking clipboard with paper form.
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Careful consideration needs to be given to the training and practice time required by
interviewers new to MPAPI. The two hours of training time participants had to familiarise
themselves with the mobile-phone surveys may not have been sufficient. Interviewers
using MPAPI took longer per survey than PAP interviewers. As most of the items were
selection or short-answer questions, this cannot be put down to typing speed on the
mobile phone. Instead, the challenge lay with navigating through the survey and following
the correct procedure required to enter text, numbers and dates. Younger participants,
with potentially greater exposure to and daily use of mobile phones, appear to have come
to grips with these challenges more rapidly and were able to concentrate more carefully
on the actual responses they were entering. This finding should not lead to the conclusion
that only young field workers should be hired. Rather, care should be given during
training and piloting to ensure that all field staff have been given adequate time to

familiarise themselves with the mobile phone.

The study had a number of limitations that may limit its real-world applicability. A small
sample size, short interview length and a tightly controlled study design may have had the
unintended side effect of limiting data variability. This tightly controlled study design may
be partly responsible for the small differences found between the two methods. Using a
full-length survey with more participants under standard field conditions may produce
results similar to studies that have found electronic data collection to be superior to PAP.
A second limitation was that PAP data were not double-entered. This may have reduced
the number of errors introduced during data capture. A strength of this design was its
focus on interviewers rather than the more common approach of studying interviewees.

Future research should focus on a comparison of these two methods at scale.
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6.5 Conclusion

Across all measured outcomes, none suggest a clear advantage to either survey mode.
Yet implementation experience suggests that in some instances MPAPI holds significant
advantages over PAP. The following recommendations may assist when deciding between
implementing PAP or MPAPI surveys. Short, once-off surveys favour PAP over MPAPI.
Large, complex studies lasting several years across multiple sites with poor infrastructure
would likely benefit from MPAPI surveys. When start-up time is limited, paper surveys
may be preferred to mobile surveys due to the increased time required to train on
MPAPI. Finally, if time-sensitive data are required either for management or surveillance,
MPAPI will come into its own. If data are not urgently needed for analysis, a paper system
may cost less and be easier to set up and run. Both PAP and MPAPI have strengths and
weaknesses. Consideration needs to be given to ensuring that project requirements are

carefully matched to these factors.
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Chapter 7: Point of care in your pocket: A research agenda for the field of mHealth.

Mobile health, or mHealth'** has been defined by the Global Observatory for eHealth
(GOe) as medical and public health practice supported by mobile devices, such as mobile
phones, patient-monitoring devices, personal digital assistants (PDAs), and other wireless
devices'® P With global penetration of mobile services topping 87%, the opportunity
for connecting with six billion people has brought great enthusiasm, energy and media
attention to the field®’. This momentum has seen evidence for the health benefits of
mHealth being built not by traditional large-scale and time-intensive randomised control
trials, but instead by the proliferation of small pilot projects, particularly in low and
middle-income countries'?. Rapid technological innovation has led to an enthusiastic
proliferation of untested methods. Many of these, however, have been small-scale with

31 To reduce wasted time, effort and money, we propose seven

little policy co-ordination
key research agenda items required to maximise the potential of mHealth through

evidence for a programme’s utility and its cost-effectiveness.

7.1 mHealth Needs to Develop an Evidence Base

A frontier mindset fosters real and rapid innovation in mHealth. This fast iterative
approach should not be lost, especially given how quickly mobile and wireless
technologies evolve, but a certain amount of caution is warranted. Although well on
target to attaining its goal of reaching one million mothers by 2012, text4baby, a free
mobile text service in the United States that provides free health information to pregnant
women and new mothers, is a case in point??*. Launched in February 2010, text4baby has

gained wide media attention, winning awards from the United States Office of Science
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and Technology in 2010 and the Public Relations Society of America (PRSA) in 2011. Yet
formal results are still to be made available from a belated evaluation that was recently

d’*. Whether the 3.5 million messages sent in 2010 were read, acted upon or in

complete
any way able to change behaviour is not known. Only 12% of countries surveyed in the
2011 World Health Organization’s Global Observatory for eHealth reported evaluating
their mHealth services™**. Formal and rigorous cost-effectiveness evaluation of mHealth
programmes need to be undertaken to ensure that time and money are not wasted on

ineffective programmes, and that best practices are disseminated from successful

programmes.

7.2 mHealth Systems Should Be Interoperable with Existing eHealth Initiatives

Estrin has argued that mHealth is emerging as a patchwork of incompatible
applications™!. IT and health-information systems are often based on technologies that
cannot communicate and share data with one another and have traditionally been
characterised by a silo approach™. In much the same way, this issue of interoperability
parallels the public-health experience of vertical disease-oriented programmes??®. There
is a compelling argument that better outcomes can be achieved by tackling disease
through an integrated approach that strengthens health systems®?’. Enabling mHealth
systems to share information with one another as well as with broader eHealth systems
will increase efficiency, reduce costs associated with the collection of that data and result
in better care for patients. In addition, the benefits of such a system may in fact be felt in
the broader care systemm. To achieve this will require strong cooperation, meaningful

collaboration and adherence to international standards.
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7.3 mHealth Should Adopt and Implement the Same Standards Already Present in
eHealth
There are a number of eHealth standards in common use today. These standards were
designed to facilitate interoperability of health data between health devices and IT
systems. In order for different systems to share data, they must contain comparable
information (data elements), employ comparable words (terminology) and use an agreed

upon way to communicate (messaging).

mHealth projects such as ceIIScopem, which enables light microscopy to be performed on
mobile phones, make mention of the Digital Imaging and Communications in Medicine
(DICOM) standard for the exchange of medical images. By upholding and implementing
the DICOM standard they provide an excellent example of how mHealth can build on
currently existing eHealth standards. Most projects currently do not use this standard.
Similarly they do not use the HL7 Clinical Document Architecture (CDA) for the exchange
of electronic clinical documents (such as discharge summaries and progress notes).
Adherence to privacy, security and confidentiality standards are also critical to the
ongoing success of any mHealth intervention. If mHealth and eHealth systems are

interoperable and share common standards, integration costs could be better controlled.

7.4 mHealth Should Take a Participatory Approach

Contemporary thinking is that health care should be personalised, predictive, preventive
and participatorylz. mHealth is well suited to enable this participation by providing a
simple means by which patients can engage in their own health care. Programmes need

to go further than simply connecting patients with health care providers. Many current
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mHealth initiatives focus on outdated, unidirectional models of patient communication,
for example by exclusively collecting data, providing information or sending reminders.
With mHealth technology, patients can easily transmit data and commentary on their
health status and health care to their electronic health records, for example, allowing for
an ongoing and active health dialogue®”. Research that evaluates the utility and cost-

effectiveness of the participatory care approach should be prioritised.

7.5 mHealth Should Promote Equity in Health

In high-income countries, mHealth programmes have tended to focus largely on
supporting ageing populations through delivering prevention programmes and reducing
health-care costs through home-based monitoringm. In low and middle-income
countries, by contrast, mHealth has been conceptualised much more broadly, as a way to
promote access to health services for the socioeconomically and geographically
disadvantaged. Irrespective of country, all mHealth programmes should not unfairly
discriminate against, marginalise or exclude those at the fringes of society. The very high
mobile penetration reach of 79%°’ in low and middle-income countries may nevertheless
obscure patterns of exclusion. The authors of this brief have recent data from HIV-
positive women in South Africa that suggests that the 20% who do not have mobile
phones are significantly poorer, live in more remote areas and are older than those who
have access to a mobile phone. Consolidated evidence for how best programmes can

cost-effectively support and provide care to this marginalised group is needed.
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7.6 mHealth Programmes Need to Move to a Situation of Sustainability

The most common mHealth initiatives amongst WHO member states in 2011 are health
call centres (59%), emergency toll-free telephone services (55%), managing emergencies
and disasters (54%), and mobile telemedicine (49%)™*3. Unfortunately many of these
programmes are small, unsustainable pilot programmes. Although a little dated, data
from a 2008 review of mHealth literature revealed that 84% of the published programmes

were prototypes, pilots or tests?*!

. The figure has likely improved over the past four years
but nonetheless points to an urgent need to find sustainable and cost-effective models

for supporting and developing early exploratory mHealth ideas and for integrating them

with local healthcare financing systems.

7.7 mHealth Needs to Focus on Health, Not on the Technology

Debate exists as to whether mHealth services should be designed to have the best
coverage by using the lowest common denominator technology, for example text
messages, or benefit from the advantages that can be gained by targeting the sensors and
processing power of the latest generation smartphone. This discussion may be practical
but slightly misleading. Technology changes so swiftly that spending undue amounts of
time, energy and effort in this domain may be a waste. Behaviour change is driven by
people, not technology. Technology can support, enable and trigger change but it is only
through the will and skill of dedicated people that solutions can be found to the health
problems we wish to address. A strong collaborative evidence base that is coordinated at
an inter-country level by key stakeholders in the mHealth community would reduce
wasteful expenditure on programmes that lack strong evidence and promote best

practice models.
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mHealth technology is exciting and attractive, but it is in the establishment of country-
level best practices that are both cost-effective and supported by rigorous research and
evaluation that the real challenges lie. Policy makers and funders need to promote,
legislate and fund work that integrates and builds upon a common mHealth framework.
By fostering a synchronised, strategic global research agenda that is focused more heavily
on evaluating evidence related to the impact and cost-effectiveness of mHealth services,
the WHO could facilitate the ability of programmes to address the real-world complexity
not only of providing access, but, more crucially, of contributing to high-quality health

care for all.
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Chapter 8: Discussion

This chapter presents a critical discussion of the three studies undertaken in this thesis.
The chapter begins by first presenting a consolidated overview of the findings. This is
followed by a discussion of two emergent themes that cut across all three studies. The
theoretical relevance of the research is then considered and a revised theoretical model
proposed. The significance of the findings to the South African context, and the field of
survey research more generally, are then elaborated upon. Finally, study limitations and

future research directions are discussed and concluding remarks offered.

8.1 Consolidated Findings

The aim of this thesis was to explore three research questions pertaining to mobile
phones and survey data collection. These objectives were to establish the effect mobile-
phone-assisted personal interviewing (MPAPI) had on data quality and cost; to explore
the acceptability of MPAPI methods in health research with vulnerable populations; and
to explore the feasibility of mobile-phone-assisted self-interviewing (MPASI) in a
longitudinal birth cohort. These objectives were met through a series of empirical studies
presented in chapters 3, 4, 5, 6 and a comment on mHealth in chapter 7. The central
findings linked to each research objective are summarised in Table 8.1. These findings are
reorganised diagrammatically in Figure 8.1. This figure outlines three types of mobile-
phone-assisted data collection. Two of these, MPAPI and MPASI, are explored in relation
to De Leeuw’s conceptual model of how data collection mode affects data quality. The
third type, mobile-phone-assisted remote sensing (MPARS), was not evaluated as part of

this thesis. To recap, De Leeuw defines three characteristics that influence data collection
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and differ by mode. The first, media-related factors, accounts for the familiarity of and
conventions surrounding different communication channels and media used to collect
data. Rather than social conventions associated with the communication channel used,
information transmission focuses on the impact of specific technical features of the mode
in question. For example, some media allow the participant to control the order in which
items are presented, and in others the interviewer controls this process. The third and

final component relates specifically to the presence or absence of an interviewer.
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Table 8.1. Summary of thesis findings

Objective

‘ Chapter

Thesis Findings

1) How does use of mobile phones for data collection impact on the costs, quality and time-to-availability of data?

Compare the accuracy of mobile-

e Compared to PAPI, accuracy was not found to be improved through the

phone data entry and upload vs. the Six use of MPAPI.
administration of a paper-based e MPAPI reduced administrative load compared to PAPI.
guestionnaire and subsequent data
capture on a desktop computer.
Il Compare the time taken to move e MPAPI surveys took longer to complete than PAPI.
from survey to actionable data Six e Overall time to availability of data for analysis was reduced considerably
across the domains of mobile and using MPAPI.
paper-based surveys.
[l | Compare the cost-effectiveness of e MPAPI costs are associated with survey size.
mobile-phone vs. paper-based Six e For small surveys MPAPI is equivalent in cost to PAPI.

survey data collection at a research
field site in KwaZulu-Natal, South
Africa.

e Larger surveys favour MPAPI.

collection tool?

2) What perceptions do vulnerable communities and field workers in rural South Africa hold about mobile phones as a data-

IV | Describe the perceptions of rural e Relationship with interviewer positively mediated participant
HIV-positive pregnant women Five perceptions.
regarding the capture of personal
health information on a mobile
phone.

Y Assess the perceptions of South e Interviewers perceived MPAPI as both easy to use and useful, two
African field workers towards the Five factors known to influence the acceptance of new technologies.

acceptability of mobile phones as a
tool for data capture.
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3) Can mobile phones be used by adolescents to complete self-report surveys?

VI | What is the response rate of a * Low response rates were obtained — 36.5% and 30.9% respectively.
mobile-phone survey completed by Three
adolescents? & Four

VIl | What are the response * Survey break-off rates were low.
characteristics (e.g. item response Three * Free-text answers were short while multiple-choice questions elicited a
rates) of a mobile-phone survey & Four better response than numeric questions.

completed by adolescents?
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Mobile-phone-assisted Data Collection

MPAPI
MP-assisted personal interviewing

MPASI
MP-assisted self-interviewing

Media-related

*  Familiarity with MPs high
* Respondent privacy concerns

* Handset turnover high
*  Real-time responses

MPARS
MP-assisted remote
sensing

Transmission

*  Unidirectional vs. bidirectional
communication

Factors » Differential interviewer comfort *  SMS more viable than app for
and perceived ease of use communication
Information *  Network coverage

* Need a system for fielding queries
e Large administrative burden

* Interviewer mediates initial

e Equivalent costs to PAPI in small
sample surveys
. Imbroved accessibilitv

Interviewer acceptability
. . *  Presence of others
Impact * Interviewer characteristics do not
influence data accuracy
S B loed tlmgllness *  Moderate survey response rate
* Low accuracy improvement over .
S * Low item non-response
Data Quality *  Low survey break-off rate

* Potential privacy and data security
concerns

Not investigated
as part of this
thesis

Figure 8.1. Thesis findings: The impact of mobile-phone-assisted data collection on data quality within De Leeuw's conceptual model of how

data-collection mode affects data quality
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8.1.1 Media-related factors
In De Leeuw’s conceptual model’?, media-related factors refer to the social conventions
and customs associated with the ‘normal’ use of the mode. These factors also cover the
‘locus of control” introduced by the mode. In self-administered modes the respondent is
in control of when, where and how fast the questionnaire is completed. In interviewer-led
surveys the interviewer has more control over these factors. In terms of media-related
factors, MPAPI and MPASI interviewing were found to differ on several counts. A brief

summary of these findings is presented in Table 8.2.

8.1.1.1 Mobile-phone-assisted personal interviewing (MPAPI)
Mobile-phone familiarity and ownership were found to be high in the low-resource rural
health context in which most of this work was completed. Overall mobile-phone
ownership amongst the 512 women interviewed as part of the study presented in
Chapter 5 was 83.9% and average length of ownership was 3.3 years. Despite the women
being very familiar with their phones, and the phones themselves having adequate
functionality, the current social patterns of use are limited in terms of Internet (5.8%),
email (2.8%) and mobile-phone applications (9.5%), while entertainment through music
(42.6%), photography (41.9%) and gaming (46.5%) were more common activities. This led
to some initial concerns from participants about the use of phones for the collection of
sensitive data. The common use of phones for photography may be partially responsible
for concerns women raised about the possibility of being photographed by the phone in

the process of or as part of data collection.
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Interviewers were also found to be highly familiar with mobile phones. Only one of the
sixteen interviewers trained to collect data using MPAPI did not own a phone. Although
data was not collected on how interviewers used their phone, practical experience gained
in the training of MPAPI interviewers over the past five years has shown that people have
very different levels of comfort when learning the concepts and practice of mobile-phone
interviewing. One possible explanation, as suggested by the findings in Chapter 5, is that
ownership may instil an initial pre-training sense of confidence about how easy the
mobile-phone surveys will be to use. However, due to the frequency of Internet access
and application use being low, training does not proceed as smoothly for interviewers as
they anticipate, as they lack skills in the above areas. This finding is reflected in the still

high, but significantly lower post-training ease of use scores.

8.1.1.1 Mobile-phone-assisted self-interviewing (MPASI)
In Chapter 3, 69% of the Birth to Twenty (BT20) cohort, who were later to be enrolled as
part of the self-complete survey study, reported owning a mobile phone. Although not as
high as the figure found for the HIV-positive women in Chapter 5, the survey was
completed two years earlier. As noted in the literature review, mobile-phone ownership
rates have increased rapidly in South Africa from an estimated 49.4% in 2006 to 79.5% in
2011. Media-related usage norms were also found to underpin differences in mode
preference in the pilot study presented in Chapter 3. Those respondents who used
applications such Mxit (a popular mobile instant-messaging application) or who knew of
and/or used Skype (a voice-over-IP application), reported a statistically significant
preference for future surveys to be conducted through mobile phone over a conventional

face-to-face interview. Although only limited literature exists to support this view,
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anecdotal evidence suggests that young adults in South Africa 1) often own more than
one SIM card, 2) use these cards across multiple devices, and 3) have a high rate of

handset turnover'®®

. If accurate, this view may suggest a partial answer as to why the
study experienced the marked drop in “contactable” handsets described in Chapter 4.
High handset turnover rendered the device-specific software impotent. A better approach
in such an environment would be to use a communication channel that can easily follow a
participant from one handset to the next, with SMS being an obvious first choice. The
final media-related factor that may influence MPASI surveys is the social convention of
using phones on the move. This means that the researcher has little control over the
environment in which MPASI interviews are likely to take place. Although not reported in
the paper presented in Chapter 4, participants were asked to describe where they were
immediately before they completed the survey. Typical answers included watching TV,
catching a taxi and returning from a nightclub. Survey and participant mobility mean that
control of environment is reduced when compared with traditional self-complete surveys.
Paradoxically, however, this challenge is simultaneously one of the potential advantages
of MPASI research. Being able to deliver surveys directly to participants as they go about
their daily lives means that the ecological validity of the data collected can be increased.
Questions such as In the last six months how many times have you... can be replaced with
randomly repeated questions continuously asking In the last few hours have you.... To
achieve this level of monitoring, current studies rely on participants’ retrospective
reporting and memories to complete self-report diaries. The drawbacks of diary-based
studies are that participants need to remember to take the diary around with them and

then to fill it in at the appropriate time. When mobility of participants is increased, poor

compliance in diary studies has been noted®*%.
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8.1.2 Information transmission
In De Leeuw’s model, information transmission refers to the process by which the
cognitive stimulus is received by the respondent and is influenced by the ‘communication
channel’ used. Although difficult to fully separate out, only the technical elements of the
communication channel are considered and those facets more concerned with social
custom are excluded. Major factors influencing information transmission include the way
in which stimuli are presented and communication flow is regulated. A brief summary of

these findings is presented in Table 8.2.

8.1.2.1 Mobile-phone-assisted personal interviewing (MPAPI)
Two technical factors limiting the usefulness of MPAPI have been identified in this
research. The first, network coverage, needs to be given sufficient consideration in low-
resource settings where mobile network coverage may be low. With 90% of South Africa
having mobile reception, this was not a challenge faced by any of the studies conducted,;
however, through the author’s work in the field, this has been found to be a challenge in
countries such as Uganda. Without mobile coverage, one of the major benefits of MPAPI,
time-to-availability of the data, is severely curtailed. Limited network coverage would also
make SMS and online MPAPI surveys impossible to conduct. Depending on study design,
an MPAPI survey could be conducted using mobile-phone survey software in a context of
limited mobile network coverage. The design would need to factor in a way to upload
surveys from the phone either to a laptop computer or over a wireless network to the
Internet. A second limitation of reduced network coverage is the inability to make use of

the bi-directional communication channel the mobile phone offers.
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While most MPAPI surveys require only unidirectional uploading of survey results, more
advanced MPAPI designs can utilise algorithms stored in an online server to make
decisions about which surveys need to be completed in a particular context. A real-world
practical example might be that of a health worker who uses an MPAPI survey to collect
health information on participants in a household. On submitting the information
provided by one of the household members, the health worker may find the survey
software asking her to complete a specialised drug-resistant-tuberculosis questionnaire
for this participant. This type of bi-directional survey support system can only be

implemented in an environment with consistent and widespread mobile coverage.

8.1.2.2 Mobile-phone-assisted self-interviewing (MPASI)
As with MPAPI, two technical factors were encountered during implementation of the
MPASI survey, presented in Chapter 4. Mobile phones are a bi-directional communication
device; in other words, people send and receive communications through their device. In
Chapter 4 it is reported that in reply to a text message from the researchers informing
respondents of the availability of a new survey to download, text messages were
returned by participants. Future MPASI studies should ensure that they have systems in
place to deal with the two-way flow of information through mobile-phone
communication channels. It is important to consider carefully each of the communication
channels available to mobile-phone users when implementing a “participant support
system”. Depending on the sample frame, email, social network posts and instant-
messaging services may all be mobile communication channels through which

participants can be engaged.
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The second MPASI survey consideration is mobile-phone management. Without strong
administrative procedures, handset turnover was found to be a major challenge. Of the
435 handsets confirmed to be in the respondents’ possession and available for survey
submissions, one third were no longer contactable a few months later. This finding could
have been influenced by the fact that the handsets were donated and so may have been
treated differently from the respondent’s private mobile phone. Nonetheless, a
significant challenge for MPASI survey researchers in low-resource-settings is mobile-
phone turnover. In a study completed in KwaZulu-Natal, South Africa, by Crankshaw et
al.’%, 68% of respondents reported either having a phone stolen or damaged. Further
research is needed to best describe techniques for maintaining an operational

communication channel between researcher and respondent.

8.1.3 Interviewer impact
Different modes of data collection impact both positively and negatively on the role the
interviewer can play during a survey. The third component of De Leeuw’s model deals
specifically with the interaction between mode and interviewer. A brief summary of these

findings are presented in Table 8.2.

8.1.3.1 Mobile-phone-assisted personal interviewing (MPAPI)
In the face-to-face MPAPI survey discussed in Chapter 5, the skill and personal warmth of
the interviewer were found to mediate any concerns participants may have felt towards
the MPAPI interview. Respondents reported feeling that the mobile phone was not a
distraction either to themselves or to the interviewer. In Chapter 6 it was found that the

age, gender and education of the interviewer had no significant impact on the accuracy of
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the data collected when compared to the keying errors these individuals made on PAP
surveys. These findings must be interpreted cautiously and in the context of a study
design that was very controlled. The design may have been responsible for reducing and

masking interviewer variability, making the discovery of any difference unlikely.

8.1.3.2 Mobile-phone-assisted self-interviewing (MPASI)
As MPASI is a self-complete survey, the potential for an interviewer to elicit socially
desirable responses is removed. What is not clear is whether surveys are being completed
in private, in the presence of others or with the help of others. For MPASI survey one,
reported on in Chapter 4, on average the respondents reported being in the immediate
presence of five other people. This idea will be elaborated on as an area for possible

further research.

8.1.4 Data quality
Media-related factors, information transmission and interviewer impact have a combined
impact on the survey mode as well as data quality. It is, however, difficult to predict
exactly how each component in the model might interface with other components and
how these interactions influence data quality. De Leeuw suggests supplementing the
theoretical expectations of the model with empirical data. Chapters 4 and 6 provide some
evidence for how the factors discussed above affect the data quality of MPAPI and MPASI
surveys.

8.1.4.1 Mobile-phone-assisted personal interviewing (MPAPI)

The current literature suggests that electronic surveys improve data quality. This general

pattern was not replicated by the mode-comparison study presented in Chapter 6. MPAPI
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provided few clear examples of improved data quality over face-to-face PAPI. Data
accuracy, as measured by keying errors, was found to be high for both modes. Only 381
data-entry errors were identified in 21 500 survey items. PAPI accounted for 204 of these
errors and MPAPI the remainder (177). This gives a statistically insignificant difference of
0.3% between the error rate of PAPI (1.9%) and MPAPI (1.6%). An age effect was,
however, noted with younger interviewers making fewer errors on the MPAPI survey as
compared to PAPI. No cost advantage was conferred on either method following the cost-
effectiveness analysis. Over time, the upfront hardware costs and ongoing purchase of
survey credits from the software provider equalised with the monthly salary bill
associated with the data capture required to process paper surveys. As noted by Groves,
data quality and cost go hand in hand. One cannot look at cost without considering
whether the increase, or decrease, in cost is associated with a rise or fall in data accuracy.
It was found that each error-free PAPI response cost USS0.07. Each MPAPI error-free
response cost USS0.08. Evaluating the incremental advantage MPAPI holds over PAPI,
produced an incremental cost-effectiveness ratio (ICER) of 0.54. This indicates that
although MPAPI produced more error-free responses, each additional error-free response
costs USS0.54. One possible explanation for the worse than expected data quality
improvements is that the scale of the data collection effort may mediate the effect survey
mode has on data quality. This idea is explored further in the section on emerging

research themes.

Two data-quality dimensions that were found to vary by mode were timeliness and
accessibility. Although MPAPI surveys took significantly longer to complete than PAPI

surveys (cf. 14.2 minutes and 5.5 minutes), they were immediately available online and in
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a format useful for data analysis. Within a few minutes of completing the interview, data
could be analysed by researchers working in a different country. The same advantage was
not evident with PAPI. Data capturers were slowed and delayed by the influx of paper
surveys and other tasks to which they were assigned. This meant that it often took a day
or two for captured surveys to become available. Time was, however, made up with PAPI

requiring shorter interviewer-training time than MPAPI.

One conclusion that can be drawn from this is that MPAPI places the administrative and
financial burden at the beginning of the research project while PAPI shifts the costs and
administrative burden to the end. When using MPAPI, handsets need to be purchased,
surveys designed and loaded onto the electronic system, and extensive training offered,
all before the survey research can begin. The advantages are that, once in place, MPAPI
surveys scale well. That is, MPAPI survey volume can be significantly increased without
much further training or infrastructure being required. Data are available quickly,
interviewers increase their proficiency over time and the administrative burden of sharing

data with off-site colleagues is greatly reduced.

8.1.4.2 Mobile-phone-assisted self-interviewing (MPASI)
The unexpected data-quality feature of the MPASI research presented in Chapter 4 was
the low response rate. Only 105 (of 435) respondents submitted a response to survey
one. This figure dropped to 85 for the second survey. It must, however, be noted that
only 288 (271 in survey two) of the 435 respondents received the survey notification SMS.
This means that one out of three respondents who knew about the survey managed to

navigate the complex process of submitting a response. It is not known how many of the

151



respondents who received the SMS attempted unsuccessfully to submit a response. A key
area for further research is establishing if response rates can be mediated and hence
improved by changing the mobile communication channel used. Of the responses
received, item-level non-response was low. It is not clear if this high level of completeness

is influenced by the BT20 participants being familiar with surveys.

A further data-quality issue facing MPASI is ensuring the privacy and security of both
survey and response. SMS is an unsecure communication medium and, if used for MPASI,
may allow participants’ confidential answers to be revealed to anyone with physical
access to the mobile phone. Privacy may be further compromised by the sharing of

mobile phones.

Having outlined the general thesis findings and discussed them in relation to De Leeuw’s

model, the following key findings emerged:
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Table 8.2. Table of key findings

Comparative findings of MPAPI and MPASI

Media-related Factors

The high familiarity people have with mobile phones
makes their presence in both data-collection contexts
acceptable. Differences exist in how the mobile-phone
medium impacts on personal (face-to-face) and self-
complete interviews. MPAPI interviews were generally
considered acceptable, easy to use and useful. Mobile-
phone familiarity introduced challenges for MPASI with
young adults as their “personalisation” of the handset
meant many handsets could no longer submit surveys.

Information Transmission

Network coverage was found to be extensive enough
to allow the successful transmission of data in a
number of rural South African locations. Survey
management for self-complete interviews was found
to be logistically challenging. Both MPAPI and MPASI
found strong support for the bi-directional nature of
information transmission on mobile phones.

Interviewer Impact

Interviewer characteristics were not found to influence
mobile-phone-assisted personal interviews, although
as noted this may relate as much to the study design as
the validity of the result. Self-complete mobile-phone
interviews were often found to be undertaken in the
presence of others.

Data Quality

Moderate data-quality improvements were found for
both personal and self-complete mobile-phone-
assisted surveys. Some elements of data quality, such
as accessibility, were found to be greatly improved
over pen-and-paper. MPASI surveys had low to
moderate response rates and low levels of item non-
response and survey break-offs.

The research findings of this thesis have provided evidence to reject the null hypothesis

that it would not be feasible to implement mobile-phone-assisted personal interviewing

to collect health research data in resource-limited settings, of relevance to South Africa.

Instead, MPAPI was found to be both feasible and acceptable in a number of situations.

Evidence to reject the null hypothesis that data quality would be improved in mobile-

phone-assisted interviews is less strong. Although elements of data quality, such as
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accessibility and timeliness, were improved, survey error and cost were found to be

equivalent in short surveys.

8.2 Emerging Research Themes

In 2005 Couper® identified four technology trends in survey data collection, namely:
interviewer administration to self-administration; audio-visual advancements; mobility;
and continuous measurement. This thesis has focused primarily on the impact of mobility
on survey data collection. Findings from field research are reported on in the empirical
chapters and a summary of these findings has been presented in the previous section. By
making surveys mobile, study scale and survey context have emerged as key themes and

will each now be considered in more detail.

8.2.1 The influence of scale
The use of pervasive devices in the collection of survey data needs to be considered with
reference to project scope and scale. Interview-led electronic surveys conducted on
portable devices hold the most promise in large, multi-site, multi-year collaborative
research ventures. It is in these environments that the upfront costs in time, financial and
human resources, and system design have an opportunity to pay back dividends through
support of project management operations. Although still feasible, health research
conducted on a smaller scale where there are fewer respondents, shorter time-frames
and where the respondents are geographically concentrated, do not experience fully the
benefits associated with mobile-phone-assisted personal interviewing. Some of the
advantages offered by mobile phones to large-scale project management include the

tracking of interviewer productivity trends, reducing data falsification by recording
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geolocation coordinates of interviewers at the time of the survey, rapidly identifying
problematic survey items through real-time review of survey data, and improved ability

to share data with other investigators in a cooperative research venture.

The advantages of scale noted for MPAPI were in contrast to the challenges associated
with scale factors for MPASI. Project management complexity of MPASI surveys seem
positively correlated to sample size. Hisler™®, reporting on the use of SMS reminders in
the treatment of tuberculosis in Cape Town, states the challenge as follows:
Project management issues are so inherently intertwined with the technology that
it is difficult to separate them. Project implementation clearly limited the
effectiveness of the Compliance Service, but it is not a reflection on the usefulness
of the technology itself. To the contrary, the Service has potential to provide more
choice in the care of TB and greater convenience for the patient. However, the
problems encountered underline the limitations of the Service and imply there are

important conditions for its success. (p 3)

Once scaled up, MPASI surveys appear more vulnerable to technological challenges than
MPAPI surveys. Although not discussed as part of this thesis, the future collection of data
using mobile-phone-assisted remote sensing (the automatic collection of user behaviour
data through the sensors built into the next generation of pervasive computing devices)
will bring its own set of challenges related to project size. Through the continuous
monitoring of sensor data relating to the respondents’ health and behaviour, new
techniques will need to be designed to manage the flood of data that will need to be

aggregated and analysed.
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Together, the strengths and challenges associated with project scale and the collection of
data using pervasive computing devices, make scale a significant dimension in the

measurement of survey data quality.

8.2.2 The influence of context
Establishing user context is a burgeoning area of research in the field of pervasive
computing. The historical freeing of the computer from the desktop has made the
environment in which it is able to function an unknown. The unknown nature of
computing context due to the mobility of mobile phones is the second theme to emerge
from this thesis. As Schmidt suggests, there is more to context than just location®*.
Although immediate geographic location is important, sociocultural, political and
information communication technologies are all contextual factors affecting the use of
mobile phones in survey research. Geographic location and elements of the immediate
environment are most important for researchers interested in MPASI. To date, “snail”
mail, email and web self-complete surveys could generally rely on the respondent being
at home or in the office when completing the survey. As discussed previously, MPASI
surveys can be completed anywhere and at any time. The impact that environmental

context has on survey-data quality needs further research.

Sociocultural factors relating to mobile-phone usage may also impact both on MPAPI and
MPASI surveys. As reported in this thesis, rural South African women make considerable
use of the camera on their phone. This usage pattern shaped the expectations they had of

the MPAPI survey, even though photos were not taken as part of data collection.
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Similarly, the high turnover of phones among urban young adults limits the usefulness of

a mobile-phone survey application installed on a single device.

In the context of varying national health priorities, mobile-phone-assisted data collection
is progressing in two clear directions. On the one hand, resource-rich nations are moving
more strongly towards the use of mobile phones as a tool for the support of participatory

117,121,130,140

outpatient care . In the context of resource-limited nations, surveillance,

health-system strengthening and access to health resources are being prioritised127’148’233'

2% These health-system strengthening activities are aimed at improving the underlying

health systems of a country in a way that allows for the delivery of more equitable and

sustainable health care services.

The final context to be considered is the availability of information communication
technologies. In countries with poor mobile network coverage, the usefulness of mobile-
phone surveys may be limited. The functionality available in commonly owned mobile-
phone handsets also sets a specific context for the type of data that may be collected. In a
country where people predominantly own mobile phones with limited feature sets and
slow Internet connection speeds, surveys containing multimedia content or requesting
geolocation coordinates are not feasible. If high-specification “smartphones” are

widespread, health researchers have more options available to them in this context.

8.3 Theoretical Relevance
Following from the consolidation of thesis findings and discussion of research themes, the

conceptual framework of Tourangeau et al.”® will now be revisited. The contribution of
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this thesis to the understanding and development of the model will then be discussed. In
particular, this work has again highlighted the importance of considering the impact of
the data-collection mode on both total survey error and the multiple facets of data

quality.

8.3.1 Tourangeau et al.’s conceptual model of how psychological variables, mediated
by mode, affect data quality
The framework proposed by Tourangeau et al.”® presents a convenient model for
understanding how mode features affect response quality through their interaction with
the psychological appraisal (i.e. the emotional and cognitive meaning people extract from
their evaluation of an event) of question response. Research findings can be applied in a
limited way to the model. Studies performed as part of this thesis explored how mobile-

phone-assisted surveying affected response quality.

Tourangeau et al.”® suggest that self-administration, computerisation and auditory
presentation are three key mode features affecting respondents’ psychological appraisal
of items in the survey.
e Self-administration
The findings of this research support the above model regarding the significance
of whether or not the mobile-phone-assisted interview was performed face-to-
face or through self-administration. Pronounced differences were found in

response quality for MPAPI and MPASI surveys.
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e Computerisation
Computerisation, as described by Tourangeau et al.”® in 2000, is too general a
term to be useful in describing the wide range of electronic survey modes
available twelve years later. To address this gap, some suggestions to address this
situation have been put forward in the following section.

e Auditory
The second mode feature in the framework is auditory versus visual presentation
of a survey. The thesis did not explore this dimension in any detail and its

applicability to mobile-phone-assisted interviewing cannot be reported on.

8.3.2 A generalised pervasive computing framework for health research suggested

from the thesis
Building on the foundation of these findings and the model discussed above, an adapted
conceptual framework is suggested and presented in Figure 8.2. This framework is
particularly geared towards providing a framework for the assessment of novel electronic
data-collection techniques. In addition to reworking original model components of mode
features, psychological appraisal and response quality, the adaptation suggests the
incorporation of three new dimensions that affect the response quality of electronically
collected data, which include respondent characteristics, environmental context and

response mediators.
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Figure 8.2. A conceptual framework, adapted from Tourangeau et al.,”® hypothesising
the impact of electronic data-collection survey modes on psychological appraisal and
response quality

8.3.2.1 Mode features
Adaptions to the mode features listed by Tourangeau include the following:

e The term “computerisation” has been removed as it is inadequate to describe fully
the impact of electronic devices on data-collection quality.

e Mobility is a fundamental driver of current technology trends®® and has been
appended to the model. The mobility of a device will impact heavily on the
locational context in which interviews take place. Respondents become reachable
at any time and anywhere®*’. The impact of this reality needs to be empirically
tested in order to establish its effect on psychological appraisal.

e The temporal proximity of data collection to the behaviour of interest has been

appended to the model. Formally known as ecological momentary assessment
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(EMA), this technique, used in conjunction with a mobile data-collection platform,
has the potential to improve data quality over traditional surveys by reducing
recall bias. Presenting the question in close proximity to the behaviour in question
will reduce the respondent’s cognitive burden and thereby increase response
quality.

Awareness by participants of their data being collected is the final mode feature
that has been appended to the model. Given current trends, it seems reasonable
to conclude that data collection itself may subside from the respondent’s

35,161,243 i< indicative of the

awareness. The work of Pentland, Eagle and colleagues
potential to collect data that is not at the forefront of respondents’ attention.
However, the ethical implications of this type of data collection need to be
considered carefully. Issues of privacy, security and confidentiality are all cast in a

new light if data collection drifts below awareness****>,

8.3.2.2 Psychological appraisal of data request

The adapted model is expanded to include two additional appraisal mechanisms that may

influence response quality.

Appeal

As mode features allow the data to be more easily collected, regular survey
researchers will likely find that they are competing with an array of alternative
media and advertising messages for the attention of respondents. The appeal of
the survey may become an important driver of participation. User interface

patterns that increase engagement and reduce cognitive load will need to be
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developed. Creativity will be needed in the research design phase to increase the
appeal of the survey if it is not to be lost in the noise of media overload.

e Trust
The second addition to the model is a greater emphasis on trust. Future research
will need to place a strong emphasis on building up trust with respondents. This
will be particularly important for self-administered or autonomous data-collection
activities. Trust and rapport will need to be established if data quality is to be

maximised.

8.3.2.3 Response mediators
A theme that emerged across all the studies undertaken as part of this thesis is the
importance of survey scale on aggregated response quality. As the extent of interviewer-
led electronic data-collection surveys grow, so does its benefit for data quality. Self-
administered mobile survey quality was found to diminish with scale due to an increase in
technical and project management challenges. These challenges would be mediated by
the type of expertise available to a research team. With experience and strong technical
skills within a research team, self-administered surveys may also show a positive
correlation between scale and quality. Part of the explanation is that, although the
upfront costs are higher for electronic modes, they do have an advantage over pen-and-
paper in terms of data quality. The longer the timeframe and more complex the data-

collection protocol, the more pronounced these issues become.
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8.3.2.4 Response quality
Several response-quality measures are presented in the original framework. The findings
from this thesis suggest the addition of two quality measures that are of specific interest
to electronic modes of data collection.
e Data security
With more and more data moving digitally between multiple devices and
ultimately being stored online, data security will increasingly become an
important measure and determinant of response quality. Maintenance of
confidentiality and trust through securing the collected data will need to be
prioritised.
e Accessibility of data
A paradox inherent in these new modes of data collection is that the greater
demands for data security stand alongside the greater opportunities for data
accessibility and collaboration amongst research fraternities. These two concepts
need not be in conflict. Carefully prepared data that is made available could
increase transparency, reproducibility and scientific discovery. Addressing data
accessibility will promote the scientific process and need to be considered an

important part of assessing overall data quality.

8.4 Contextual Relevance

As discussed in Figure 2.7, Heeks®

shows that the potential of new technologies means
little if they do not translate into useful real-world impact. The contextual relevance of
mobile phones to South African health research will be discussed with reference to four

of the five thematic areas suggested by Mechael et al.?*
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8.4.1 Treatment compliance
Growing evidence suggests that the use of mobile phones may be a valuable tool for

157,208,250.251 'Bth randomised control trials and anecdotal evidence

treatment adherence
suggest that treatment medication reminders, delivered via mobile phone, for HIV/AIDS
and TB have been found to be effective in low and middle-income countries (LMICs). In a

frequently cited randomised control trial discussed previously154

, Lester and colleagues
found that for a cost of around USS$0.20 cents per 100 patients each month, and with a
low impact on health staff requirements (one nurse monitored the adherence of 1 000
patients), ART adherence and viral load were significantly improved for those receiving a
text-message reminder. If brought to scale in Kenya, the authors calculate that the
intervention would result in an additional 26 354 people with suppressed viral load.
Treatment compliance research in high-income countries has focused primarily on the

249 Most of this

long-term management of chronic diseases such as type 2 diabetes
impact research has focused on the use of SMS as the communication channel of choice.
Studies in high-income settings are also starting to explore the use of mobile health apps
and web portals™? in treatment compliance. The ability to get messages to people easily

and affordably as they go about their daily activities, makes this area of research

important and relevant for the improved health of populations.

8.4.2 Data collection
This thesis has looked in detail at the role of mobile-phone-assisted data collection in
resource-limited health environments. Mobile-phone-assisted data collection, whether

applied to disease surveillance, the strengthening of health information or health
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research, has the potential to improve data quality. However, evidence remains mixed as
to its effectiveness >*. Lack of clear evidence in the findings may be the unintended result
of study scale, as discussed in this thesis. Improved timeliness of data is one element of
data quality that is not disputed. This has particular significance and relevance in the
context of disease surveillance. Reducing the amount of time it takes to collect disease
and syndromic data has great potential to improve low and middle-income countries’
sentinel surveillance systems. For maximum value to be obtained from these data-
collection tools, it is necessary for standards to be put in place that govern the
interoperability of the data that is collected. Current data-collection tools are often
custom-built for the task. This limits data accessibility and reduces its value. By building
data-collection tools that conform to a standard, such as the Open mHealth

Architecturem, vertical data silos can be avoided and data usefulness increased.

8.4.3 Health information systems and point-of-care support tools for health workers
Making electronic health records mobile is an important area of relevance for countries
where weak health-information systems make linkage to care difficult. As an example, in
2009 South Africa had around one million people on ART, making it the largest ART

d %%, This rapid scale-up has created a number of challenges for

programme in the worl
the monitoring and evaluation of the programme. Cornell et al. (2010) note that loss to
follow-up in the ART programme has increased from 1% after 12 months in 2001 to 13%
in 2006. After 36 months, a third of all patients were lost. A major challenge facing

decentralised community-based services, such as home-based counselling and testing, is

how best to ensure people are integrated back into specialised and ongoing care provided
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by health facilities and are not lost to follow-up. Mobile-phone-assisted data-collection

systems could support health workers in this regard.

8.4.4 Disease prevention and health promotion
Although mostly discussed in the context of high-income countries, the relevance of
mobile phones in health promotion has been established. Smoking cessation, diabetes
education and encouragement of individuals to attend their primary care appointments

have all achieved positive results'??

. The mobility, high prevalence, bi-directional
communication and context-aware sensors of mobile phones all contribute to their value
as a tool with which to promote healthy behaviours. Among the most well-known mobile-
phone-based behavioural interventions is text4baby. Text4baby is a free mobile text
service in the United States that provides free health information to pregnant women and

new mothers®?*

. A similar mHealth service for pregnant women and their families in rural
Ghana is available through the Mobile Technology for Community Health (MOTECH)
platform. Launched in February 2010, text4baby has gained wide media attention,
winning awards from the United States Office of Science and Technology in 2010 and the
Public Relations Society of America (PRSA) in 2011. Yet formal results are still to be made
available from a belated evaluation that was recently completed??>. Whether the 3.5
million messages sent in 2010 were read, acted upon or in any way able to change
behaviour is not known. This lack of formal evaluation is one of two problems that beset
much of the work in the field of mHealth. The second problem is that much of the
research and many of the mHealth programmes are small, unsustainable pilot

programmes. Although a little dated, data from a 2008 review of mHealth literature

revealed that 84% of the published programmes were prototypes, pilots or tests?*’. These
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general limitations, along with specific limitations of the studies in this thesis and
directions for future research, will be addressed next.

8.5 Limitation and strength

8.5.1 Single mobile data collection method

A limitation of the research presented in this thesis is the reliance on only one form of
mobile-phone-assisted data collection. All the studies in this thesis relied on survey
software installed on mobile-phone handsets. A more detailed understanding may have
been gained if other communication channels had been used to collect data. These could
have included SMS, Internet survey or the use of interactive voice response systems.
Whether and how these alternative channels could affect data quality still needs to be

explored.

8.5.2 Strength in multi-study design

A strength of this research is that rather than being one large study, it presents a series of
related studies that enables different study designs to work together. This can produce
multiple perspectives and facilitate a nuanced understanding of the different aspects of

mobile-phone-assisted interviewing.

8.6 Further research
The field of mHealth offers a wide range of opportunities for further research. Most
pressing are studies that contribute to a stronger evidence base for the effectiveness and
sustainability of mHealth programmes.

e The effectiveness of mHealth programmes
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Formal and rigorous evaluations of the efficacy, effectiveness and cost-effectiveness
of mHealth programmes must be undertaken to ensure that time and money are not
wasted on ineffective programmes, and to ensure that the best practices of successful
programmes are rapidly disseminated.

e The sustainability of mHealth programmes

The prevalence of unsustainable pilot programmes supported primarily by external
funding needs to be addressed. Research that prioritises the need to find sustainable
and cost-effective mHealth models should be given priority. Existing exploratory
mHealth research should be supported and developed into sustainable programmes

that have been thoroughly evaluated for effectiveness.

Two immediate studies that will follow on from this thesis will focus on efforts to improve
the response rates of MPASI surveys, and on Community Health Worker Assistive

Technologies (CHAT).

e Efforts to improve the response rates of MPASI surveys

The potential of MPASI to collect information from participants who are hard to reach
has been established. However, the low response rates obtained in this work need to
be improved for the method to produce unbiased data. This line of research could be
taken forward by evaluating the use of SMS surveys with the BT20 cohort. A similar
research design will be used to the one described in Chapter 4. Rather than installing
mobile-phone survey software on donated handsets, this study will send short, single-
select SMS questions to the mobile phones listed as the participant’s private phone on

the BT20 contact sheets. It is hypothesised that this will lead to improved response
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rates while retaining the low levels of item non-response found using mobile-phone

survey software.

e Community Health Worker Assistive Technologies (CHAT)

| will be involved in a three-year study to develop and test an mHealth innovation to
support community health care workers in their delivery of home-based HIV
education, support and referral. A mobile-phone based tool called Community Health
Worker Assistive Technologies (CHAT) will be developed for tablet computers and will
leverage available, low-cost devices and open-source software. CHAT will provide
community health workers (CHW) with sustained, integrated support, including
protocol training, powerful handheld technologies and accessible, media-enhanced
resources (e.g., health education videos and animations) that will promote interactive
discussions with clients. It will enable electronic data capture that supports high-
quality information-gathering using data validation and branching logic, and will

support communication with clinic-based health providers and CHW supervisors.

8.7 Conclusion

This thesis reports on work done to better understand the collection of health care data

using mobile phones. It aimed to implement and evaluate the use of mobile phones as

research instruments with which to collect and analyse information for research in low-

resourced Sub-Saharan African settings. In conclusion:

e Mobile-phone-assisted personal interviewing is a feasible and acceptable way to

collect data in low-resource, rural settings.

169



e The benefits of mobile-phone-assisted personal-interviewing over pen and paper
are multiplied as the volume of surveys and geographic boundaries of the data
collection effort are increased.

e Mobile-phone-assisted self-interviewing with young adults holds promise only if

issues of response rate can be adequately addressed.

mHealth is on the cusp of revolutionising the collection of health care data for research
and clinical care. In low and middle-income countries this revolution will have the positive
effect of increasing access to medical information, improving treatment decisions and
providing critical support for chronic disease management. Every effort needs to be made
to harness current and emerging technologies for improved community research and its

application, to assist with health care delivery for all.

While on average there are only 14 doctors for every 10 000 people, there are currently

7 620 mobile phones for every 10 000 people!254
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Point of care in your pocket: a research agenda for the field of m-health
Alastair van Heerden,? Mark Tomlinson® & Leslie Swartz®

Introduction

Muobile health, also known as m-health,
has been defined by the Global Observa-
tory for e-health of the World Health Or-
ganization (WHQ) as “medical and pub-
lic health practice supported by mobile
devices, such as mobile phones, patient
monitoring devices, personal digital
asgistants and other wireless deviees™
With global penetration of cellular
services topping 87%, the opportunity
for connecting with 6 billion people has
brought signiﬁcanl enthusiagm, energy
and media attention to the field of m-
health.* Amidst this momentum, evi-
denee for the health benefits of m-health
has been built not through traditional,
large-scale and time-intensive random-
ized controlled trials, but by a multitude
of small pilot prajects, particularly in
low- and middle- income countries.’
Rapid technological innovation has led
to an enthusiastic proliferation of un-
tested methads, which are small-seale
and, for the most part, have little policy
coordination.’ To lay the groundwork
for establishing an evidence base for
the cost-effectiveness and programme
utility of m-health innovations, we
outline seven key recommendations
aimed at reducing resource wastage and
programme duplication.

1. M-health needs to develop an
evidence base.

A frontier mindset fosters real and rapid
innovation in mobile health. This fast,
iterative approach should not be lost,
especially given the speed with which
mobile and wireless technologies evalve,
but caution is warranted. Although well
on track towards attaining its goal of
reaching 1 million mothers by 2012,
Text4Baby, a free mobile text service
sponsored by Johnson & Johnson in
the United States of America, is a case
in point.* Launched in February 2010,
Text4Baby, which pmvid«:s free health
information to pregnant women and
new mothers, has gained wide media

attention and has won awards from
the United States Office of Seience and
Technology in 2010 and from the Public
Relations Society of America in 2011,
Yet formal results are still to be made
available from a belated evaluation that
was recently completed.® Whether the
3.5 million messages sent in 2010 were
read, acted upon or in any way able to
change behaviour is not known. Only
12% of the eountries surveved in 2011 by
WHO's Global Observatory for e-health
reported evaluating their m-health
services.! Formal and rigorous evalua-
tions of efficacy, effectiveness and cost-
effectiveness of m-health programmes
must be undertaken to ensure that time
and money are not wasted on ineffective
programmes and that the best practices
of successful programmes are rapidly
disseminated.

2. M-health systems should be
interoperable with existing
e-health initiatives.

M-health is emerging as a patchwork of
incompatible applications. Information
technology (IT) and health information
systems are often based on the use of
devices that cannot communicate and
share data with one another and have
traditionally been characterized by a
silo approach.’ This lack of interoper-
ability parallels the public health ex-
perience with vertical disease-oriented
programmes.* There is a compelling
argument that better outcomes can be
achieved by tackling diseases through
an integrated health systems strength-
ening appmath_" Similarly, by enabling
m-health systems to share information
with one another as well as with broader
e-health systems, we can improve effi-
cieney, reduce the costs associated with
data collection and provide patients with
better care. In addition, benefits such
as these may in fact be felt within the
broader health-care system * To achieve
thig will require strong coopeération,
meaningful collaboration and adherence
to international standards,

3. M-health should adopt and
implement the same standards
already present in e-health.

Several e-health standards are in use to-
day. They were designed to facilitate the
interoperability of health data between
devices and IT systems used in health
care. [n order for different systems to
share data, they must contain compara-
ble information (data elements), employ
comparable words (terminology) and
use an agretd-upﬂn way to eommu-
nicate (messaging). M-health projects
such as cellicope,® which enables light
microscopy to be performed on mohbile
phones, make mention of the Digital Im-
aging and Communications in Medicine
(DICOM) standard for the exchange
of medical images. By upholding and
implementing the DICOM standard,
they provide an excellent example of
how m-health can build on existing e-
health standards. Most projects are not
using this standard, nor the HLT Clinieal
Document Architecture (CDA) for the
exchange of electronic clinical docu-
ments (such as discharge summaries and
progress notes), Adherence to privacy,
security and confidentiality standards is
also eritical to the ongoing success of any
m-health intervention. If m-health and
e-health systems are interoperable and
share common standards, integration
costs could be better contained.

4. M-health should take a
participatory approach.

Contemporary thinking in health care is
that health eare should be personalized,
predictive, preventive and participa-
tory.” M-health can facilitate this by
providing a simple means by which
patients can engage in decisions about
their own health care. Programmes
need to go beyond merely connecting
patients with health-care providers,
Many eurrent m-health initiatives focus
on outdated, unidirectional models of
patient communication (e.g. exclusively
callecting data, providing information

* Human Aciences Research Council, PO Box 90, Msunduzi, Liberty Mall, Fietermaritzburg, KweZulu-hstal, South Africa

& Department of Psychology, Stellenbosch University,
Comespondant
(Submitrad: 16

Bul World Health Qrgan 201

Stellenbasch, South Africa.
0 Alastair van Hesrden [e-mail: avenhesrden@hsrc.acza).
vember 201 1 — Aevised version received: § February 2012 - Accegred: 18 February 2012

2:;03'3—394' doi1 0.2471/BLT.11.090788

192

393



Ferspectives

A research agenda for mehealth

or sending reminders). With m-health
technology, patients can easily transmit
data and commentary on their health
and health care to their electronic health
record, which allows for an ongoing and
active health dialogue."” However, this
ease of use introduces additional chal-
lenges in connection with the privacy
and confidentiality of patient data and
requires the development of apprapri-
ate legal policies and frameworks."
Research that evaluates the utility and
cost-effectiveness of such a participatory
care approach should be prioritized.

5. M-health should promote
equity in health.

In high-income countries, m-health
programmes have focused largely on
supporting ageing populations through
delivering prevention programmes and
reducing health-care costs through
home-based monitoring.'* In low- and
middle-income countries, however, m-
health has been conceptualized much
more broadly, as a way to promote access
to health services for the socioeconomi-
cally and geographically disadvantaged.
Irrespective of country, no m-health
programme should unfairly diserimi-
nate against, marginalize or exclude
people at the fringes of society. The very
high mobile phone penetration rate of
79%" in low- and middle- income coun-
tries may nevertheless obscure inequi-
ties and patterns of exclusion. Equity
issues in the field of m-health remain
under-researched.

6. M-health programmes need to
move towards sustainability.

The most common m-health initiatives

among WHO Member States in 2011
were health call eentres (39%), emer-
gency toll-free telephone services
(55%), management of emergencies and
disasters {34%) and mobile telemedicine
(49%)." Unfortunately, many of these
programmes aré small, unsustainable
pilot projects. Although a little dated, a
2008 review of the m-health literature
revealed that 84% of the published
programmes were prototypes, pilots
or tests.’ The figure has probably im-
proved since then, but it still points to
an urgent need to find sustainable and
cost-effective models for supporting and
developing early exploratory m-health
ideas and integrating them with local
health care financing systems.

7. M-health needs to focus on
health, not on the technology.

Debate exists as to whether m-health
services should be designed to have the
best coverage by using the lowest com-
mon denominator technology, such as
text messages, or whether they should
benefit from the advantages that can
be gained by targeting the sensors and
processing power of the latest genera-
tion smartphone. This discussion may
be practical but slightly misleading.
Technology changes so swiftly that
spending undue amounts of time,
energy and effort in this domain may
be a waste, Technology can support,
enable and trigger change, but it is only
through the will and skill of dedicated
people that solutions can be found to the
health problems we wish to address. A
strong collaborative evidence base that
is coordinated at an inter-country level
by key stakeholders in the m-health

Alastair van Heerden et a

community would reduce wasteful ex-
penditure on programmes of showing
little evidence of effectivenass and would
ingtead promote best-practice models,

Conclusion

M-health technology is exciting and
attractive, but the real challenge lies in
establishing country-level best practices
that are both cost-effective and sup-
ported by rigorous research and evalu-
ation. Policy-makers and funders must
promote, legislate and fund programmes
and intérventions that integrate and
build upon & common m-health frame-
work. Fostering a synchronized, stra-
tegic global research agenda that is
focused more heavily on evaluating the
evidence for, and the impaet and cost-
effectiveness of, m-health services is
imperative. International agencies like
WHO and major funders of health-
care research can be sources of crucial
support to intérnational coordination
efforts and thereby contribute to high-
quality health care for all. B
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Abstract

Muobile phones enable engagement with adolescents through a familiar medium. Survey data are pre-

sented from 2,023 South African adolescents who were asked about phone ownership, usage, and their
willingness to divulge sensitive information in short message service surveys. Barriers to participation
are addressed as are recommendations for follow-up research. © 2010 Society for Adolescent

Medicine. All rights reserved.

Keywords: Mobile phone; Data collection

From fixed line telephones as an interview medium in the
1950s to more recent computer-aided surveys, technological
innovation brings new opportunities. Mobile phones (MPs)
offer potential benefits for research data collection, particu-
larly surveys aimed at adolescents. The International Tele-
communications Union reports that << 1 billion new
subscriptions were added during 2008, bringing the world-
wide total to 4 billion; approximately one-third of these in
Brazil, Russia, India, and China [1].

SexINFO [2] was the first mobile service in the United
States offering sexual health information directly to adoles-
cents. In response to an opt-in text message, a menu of ques-
tions is returned with instructions to text, for example, D2 if
u think ur pregnant.” A similar concept allows youth in
South Africa to locate the nearest HIV testing centre by
texting “HIV"™ and their town name to a 5-digit number
[3]. A Cape Town-based study piloted the use of MPs as
ameans for sending daily treatment reminders to tuberculosis
patients on a DOTS (directly observed treatment, short-
course) program. This decreased regular workload of

*Address comespondence to: Alastair C. van Heerden, M.Sc. Child
Family Youth and Social Development, Human Sciences Rescarch Council,
Fietermaritzburg, South Africa.

E-mail address: avanheerdend@ here.ac.za

DOTS employees and gave them sufficient time to focus
on noncompliant patients. Of the 300 patients on the
program, the World Health Organization reports only five
treatment failures and now recommend this model as one
of best practice [4]. These examples illustrate the potential
of mobile devices. We investigated the viability of delivering
self-administered surveys to adolescents on their MPs.

Methods

Birth to Twenty (BT20) is a birth cohort study based in So-
weto-Johannesburg: 3,273 newboms and their mothers were
enrolled in 1990 to track health and development over the first
20) years of life [5]. Data are collected every 6 months through
face-to-face and computer-assisted self-<interviews. Plans are
underway to introduce a MP data collection platform. The
rationale includes increasing the ecological validity and
improving the reliability and accuracy of sensitive self-report
data. A telephonic survey to determine acceptability and
feasibility of using MPs was conducted with BT20 partici-
pants, 2,023 of whom responded (88% of current participants;
52% female; 79% black). Each interview was approximately
5 minutes long, with the major reason for nonparticipation
being unavailability at the time of call. The survey was
completed by 2,023 participants (88% of current participants,
52% female, 79% black). Despite adolescents were mostly

1054- 139X/ 105 — see front matter © 2000 Society for Adolescent Medicine. All rights reserved.
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Tabile 1
Importance of mobile phone feature by gender

Males Females
Making voice calls 154 (64.3%) 280 (60.1%)
Sending SMSs 294 (H6.5%) 313 (67.0%)
Sending MMS 228 (51.7%) 252 (54.1%)
Listening to music 299 (67 8%)" 350 (74.9%)"
Having a camera 274 (62.3%) 303 (65.0%)
Is able to connect to the Internet 224 (50.9%) 239 (51.3%)
Being able to do mobile banking S0 (11.4%) 53 (11.4%)

* Significantly less than expected (p < 05).
" Significantly more than expected (p < 05).

living in households that had electricity (79%), indoor
running water {69%), and indoor sanitation (549%). these
households were considered poor relative to high-income
country households. Questions were designed to assess the
current perceptions and attitudes of BT20 youth to MP owner-
ship and use in preparation for research use. The survey, an
integral part of BT20, received human subject research
approval from the University of the Witwatersrand. Pearson
chi-square tests, frequency tables, and other descriptive tech-
niques were used to analyze the data.

Results

Among respondents, 699% reported currently owning
a MP. By contrast. only 43% had access to a landline at
home. Approximately 66% of the 31% reported feeling
socially isolated as a result of not owning their own MP.

Mo gender difference was found in how adolescents
choose their phone; 60% selected on functionality, followed
by 38% who made the decision on the basis of styling. Only
8% chose a phone primarily on the basis of price. There were
significant differences (y° = 62.26, df = 3. p < .01) in phone
ownership by ethnic group. Significantly, more white adoles-
cents (25%) owned a mobile as compared with black (67%)
and colored (63%) adolescents. Most of the participants
(86.3%) reported being on a pay-as-you go plan. Of those
on pay-as-you go, 62.1% paid for their own airtime and the
remaining one-third received airtime from their parents.

Table 2
Interview preference and technological affinity

Table | provides a summary of most valued MP features.
There are few clear gender differences; females placed high
value on an MP being able to play music. The most used
MP features were listening to music, texting, and taking
photographs.

When asked which medium they would prefer to answer
sensitive questions, 73.1% chose face-to-face interviews
over MP surveys. However, Table 2 highlights an interesting
pattern between interview preference and knowledge and use
of telecommunication technologies. There was a significant
likelihood that those who had used Mxit. a popular mobile
instant messaging application, or knew or used Skype.
a voice-over-1P application, would prefer a MP questionnaire
over the conventional face-to-face interview.

Discussion

Three main concemns emerged regarding using MPs to
collect data. These were: (a) not having airtime with which
to respond, (b) lacking confidence about understanding the
questions being asked. and (c) issues of confidentiality about
who might see their answers.

Despite the advantages of speed, event proximity, and
logistical ease, it is necessary to address these issues. First,
airtime can be considered whenever surveys are adminis-
tered. Second, questions must be worded clearly with
detailed instructions prefacing each section. Finally, a meth-
odology that ensures participant privacy and allows for
consent to be obtained using the handset is imperative.
Although not relevant to this cohort, the practice of handset
sharing could affect negatively on privacy. It is not possible
to password protect an SMS. Therefore, if information is sent
by the researcher using this protocol it may compromise on
the privacy of the participants. This challenge may be largely
resolved by mobile survey software that can be password pro-
tected and by encrypting data.

Knowing that adolescent’s value multimedia content on
their MPs raises the possibility of using popular songs, ring-
tones, and screensaver downloads as an incentive for
completing a survey.

Although low literacy rates and language barriers can be
a challenge for self-completed questionnaires, providing

Response Mobile phone questionnaire Face-to-face interview
Do you know what Mxit is? Mo 43 (13.0%) 119 (13.3%)
Yes 28T (37.0%) TIT (B6T%)
Hawve you ever used Mxit? No LI (36.9%)° 358 (43.9%)°
Yes 188 (63.1%)" 457 (56.1%)"
Do you know what Skype is? No 275 ($3.8%)" H01 (§9.9%)"
Yes 53 (16.2%)" 90 (1015 )
Hawve you ever used Skype? No 1000 (3405 3 [‘JI_?%)b
Yes 21 {16.0%)" 27 (8350

* Significantly more than expected (p < 05).
" Significantly more than expected (p < .05}
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the survey in colloquial languages is technologically simple
on MPs. Each participant could receive the survey in their
language of choice.

MPs provide an important platform by which to engage
adolescents. The devices have penetrated even the most rural
villages, are highly valued by adolescents [6], and offer
instantaneous bidirectional communication. How to best
scale these projects, manage informed consent, and maintain
privacy are all issues which need urgent attention as techno-
logical advancements continue to push the bounds of what is
currently possible.
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