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Foreword

For as long as | remember, my life’s goal has been to empower people through technology.
As a software engineer with experience in the development of applications for the web and mobile
devices for over 10 years, | felt that | could leverage those skills to make a contribution to improve
society at large. In the fall of 2011, after leaving yet another tech company, | was searching for a
larger purpose for my life and this motivated me to look for a better understanding of how | could
help others, which the following year led me to the Masters of Environmental Studies at York
University.

My plan of study was developed to explore how technology could improve the health of
rural communities and | naively set out to create a technical innovation that would fill a gap in the
health care system.

| was born in Mexico and raised in a rural community so | thought | had a good
understanding of what the experience of other people living in rural communities in Mexico was
like. Still | completed an Introduction to Rural Communities course, which was a self-directed study
where | learned a lot about unique challenges in indigenous communities in Mexico and the
tremendous diversity of these communities. | expanded my point of view in the summer of 2013
through a field experience course in Costa Rica where | witnessed several different examples of
how people adapt to and simultaneously mould their environment.

| learned about the state of the art in current eHealth technologies, which | first understood
as the use of machines and computer-based technologies in health care (Tan, 2005). | had the

fortune to lead the development of an interactive, computer assisted, screening (iCAS) tool for



depression, which was commissioned for a randomized controlled trial led by Dr. Farah Ahmad
and | earned hands on experience with a real world eHealth application.

Thanks to wonderful courses like “Health and the Environment” and the guidance of great
professors like Dr. Sarah Flicker, | learned that “environmental conditions create risks, which are far
greater to health than any present inadequacy of the health care system” (Lalonde, 1974). In his
seminal report, Canadian Minister of Health Marc Lalonde revealed a misalignment in the focus of
government expenditure and the relevant factors to improve population health. Sadly, almost 40
years later not much has changed. | perceive an opportunity to demedicalize society’s view on
health through the power of information and communication technologies (ICTs).

In the fall of 2013, incredible fortune led me to complete an internship at the Centre for
Global eHealth Innovation where Dr. Alex Jadad, one of the foremost authorities in the field and
holder of the Canada Research Chair in eHealth Innovation, opened my eyes to a whole new
conceptualization of health. Dr. Jadad eventually became my supervisor, coached me and
mentored me throughout this project.

This major project aims to add a new type of ICT application, one that empowers people,
as individuals and community members, by providing them with tools to improve their ability to
identify their unmet needs, and to increase their capacity to adapt, to self-manage and to build
resilience when facing physical, mental or social challenges.

| designed a web tool to support the execution of Max-Neef’s fundamental human needs
assessment methodology (M. A. Max-Neef, 1986). The goals included enabling large group
participation, reducing costs associated with the coordination and communication of the process,
and facilitating participation and discussion.

After completing the design and development of the initial functional prototype of the tool, |

travelled to Solferino in the Yucatan Peninsula in Mexico in the summer of 2014 to perform user-



centred, iterative usability testing following Jakob Nielsen’s Heuristic Evaluation approach (Nielsen,
2001). The goal was to assess the tool's capacity to meet its intended purpose.

The experience in Solferino was a deeply illuminating and humbling one, which challenged
every assumption that | had, made me feel completely inadequate and forced me to rethink all my
beliefs about the usefulness or my project and about the role of technology as neutral or as a force
to promote equity.

| prepared a poster about this experience and | submitted it to the Global Health Summit
organized by the University of Toronto’s Dalla Lana School of Public Health (University of Toronto,
2014). My poster was one of four out of 52 selected for oral presentation. Giving a short talk on my
experience during the Summit was an amazing and humbling experience.

This project is the culmination of more than two years of work that sought to hamess the
power of information and communication technologies to promote a more equitable society.
Throughout the process of creating and testing an application, and the extensive, critical and
sometimes painful reflection motivated by its presentation to rural communities, | have gained an
appreciation of the enormous complexity of the environmental challenges we face, of my own

biases and prejudices, and how these permeate almost every aspect of our lives.



Chapter 1
Health, Equity and Human Needs

During its constitution, the World Health Organization (WHQO) defined health as “a state of
complete physical, mental and social well-being and note merely the absence of disease or
infirmity” (World Health Organization, 1948). This definition, however, would render most humans
“not healthy”, as very few people could claim complete well-being (Jadad & O'Grady, 2008).

An alternative conceptualization of health, proposed by an international group of experts
lead by Dr. Alex Jadad, invites us to think of health as “the ability to adapt and to self-manage
when facing physical, mental or social challenges” (Huber et al., 2011). As Jadad points out, this
alternative frame of mind allows for people to be considered healthy even in the presence of
disease (Vogele, 2013).

This way of thinking about health is not meant to replace our efforts to fight diseases.
Instead, it offers a complementary point of view, one that reminds us of the importance of
resilience, and the fact that the primary factors that shape our health are not medical treatments or
lifestyle choices but rather the living conditions we experience. These conditions are now referred
to as the “social determinants of health” and they include variables such as income and income
distribution, education, food security, housing and healthcare services (Raphael, 2004). In other
words, increasing the ability of a community to adapt to socio-economic challenges would likely
result not only in increased proportions of people who feel healthy, but also in a reduction in the
incidence of disease.

In 2002, Statistics Canada examined predictors of life expectancy, disability-free life
expectancy and the presence of fair or poor self-reported health among residents of 136 regions

across Canada (Shields & Tremblay, 2002). The predictors included socio-demographic factors



and behavioural factors (i.e. smoking, obesity, infrequent exercise, drinking, high stress and
depression). Consistent with most other research, behavioural factors were shown to be “rather
weak predictors” of health status compared to socio-economic factors (Diez-Roux, Link, &
Northridge, 2000; Lantz et al., 1998; Roux, Merken, & Arnett, 2001).

Income and income inequality are regarded as the most important factors when it comes to
being able to predict disease-related outcomes (Raphael, 2004) and this is not only relevant at the
end points of the spectrum, there are extraordinary social gradients in health right across society
that can be imagined as a ladder with many steps and where people just below the top experience
lower health outcomes than people at the top (Wilkinson & Picket, 2011).

When viewing health through this new lens, it becomes easy to appreciate the importance
of health inequities, which can be understood as the “potentially avoidable differences in health (or
health risks that policy can influence) between groups of people who are more and less
advantaged socially; these differences systematically place socially disadvantaged groups at further
disadvantage on health” (Braveman & Gruskin, 2003). Health equity is about having a fair chance
for all to be healthy.

This approach has a moral and ethical dimension too, as describing a situation as
inequitable, would require its cause to be judged to be unfair within the context of the rest of
society. Because most of the inequities in health are determined by living and working conditions,
attempts to reduce them should focus on improving these conditions (Whitehead, 1990).

Ideally, instead of a prescriptive approach, communities affected by multiple potentially
avoidable differences in health should be considered as partners in any effort to identify priority
needs, or to set the objectives of any project designed to reduce them. The challenge becomes
how to implement this involvement.

An approach to ensure that communities participate in efforts to reduce health disparities

focuses on the Human Development Needs framework. Proposed by the Chilean economist



Manfred Max-Neef, this framework emphasizes the ability of a community to define its own needs.
Within this approach needs are considered few, non-hierarchical, finite and classifiable and
separate from their satisfiers, which are diverse, interrelated and interactive (M. A. Max-Neef,
1986).

Doyal and Gough also consider needs to be finite, in their theory of human need they
postulate that the needs of all humans are fundamentally the same and that some modes of social
organization are better suited to satisfying these needs than others. Further, they urge us to reject
subjectivist and relativist approaches that promote individualism and position the market as the
mechanism to satisfy those needs (Doyal, 1991).

More recently, this idea that human needs are universal gained more support based on a
study across a sample of 123 countries, which found that needs fulfillment was consistently
associated with subjective well-being across the world (Tray & Diener, 2011). Even further, it found
that “the emergent ordering of need fulfillment for psychosocial needs were fairly consistent across
country conditions”.

In the Human Development Needs Framework the fundamental human needs are captured
in a matrix with 36 cells constituted by nine rows corresponding to the distinct categories:
subsistence, protection, affection, understanding, participation, leisure, creation, identity and
freedom; and four columns corresponding to each of the existential dimensions: being, having,
doing and interacting (M. A. Max-Neef, 1986). Figure 1 shows an empty matrix ready to be filled

out with satisfiers.



Fundamental Being Having Doing Interacting
Human Needs [qualities) {things) [actions) (settings)

subsistence

protection

affection

understanding

participation

creation

identity

freedom

Figure 1. Matrix of fundamental human needs (M. A. Max-Neef, 1986)

Notably, there was significant overlap between the subjective well-being study by Tray &
Diener and Max-Neef's categories, particularly between “Basic needs” and subsistence, “Safety
and security” and protection, “Social support and love” and affection, “Self direction and
autonomy” and freedom and “Mastery” and understanding.

The results show consistency across the world in that the same set of basic needs appear
to be universal, and that they influence how we evaluate our lives overall, whether we feel
respected and autonomous (Tray & Diener, 2011).

Max-Neef’'s approach is valuable because in addition to describing a theory of human
needs, it also outlines a participatory methodology designed specifically to work with groups of

people to distil the most destructive factors hindering the realization of their needs as well as their
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ideal satisfiers. It also provides a guide to make their aspirations explicit, and suggests a direction
to take and the proactive actions that could be pursued to address them (M. A. Max-Neef, 1986).

The methodology was tested initially in 1987 in Bogota, Colombia, and later in Great
Britain, Sweden, Argentina, among many other places. The Colombian study revealed that there
might be no correlation between economic growth and the levels of happiness of the people
involved (M. Max-Neef, Elizalde, & Hoppenhayn, 2008). This finding was so significant that it lead to
a study of 19 different countries, rich and poor, around the world detailing how an “inverted U
curve” describes the relationship between economic growth and personal well-being and collective
welfare. This study proposed a "Threshold Hypothesis" stating that: “for every society there seems
to be a period in which economic growth (as conventionally measured) brings about an
improvement in the quality of life, but only up to a point--the threshold point--beyond which, if
there is more economic growth, quality of life may begin to deteriorate” (M. Max-Neef, 1995).

The methodology has even been the inspiration for other fields where gathering
requirements is at the core of any project. Alejandro Salado and Roshanak Nilchiani have
developed a methodology for gathering requirements for systems engineering deemed “Need-
based Categorization” (Salado & Nilchiani, 2014). This methodology places the system at the
center and looks to collect requirements by defining “only what the system does, how well , where,
and what it uses to accomplish it” this methodology facilitates identification of the most relevant
requirements for the system resulting in an optimized set of requirements that reflect highest value
for the project stakeholders.

This time tested methodology has served as an effective tool to assess the fundamental
needs of communities and its value has been corroborated by successfully repurposing it as a
requirements gathering instrument. It constitutes a solid foundation from which to build on and a

tangible goal for a technological innovation.
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Project Aim
This work seeks to explore the role of a web-based platform to enable rural communities to

identify their own needs.

Research question

What are the characteristics of a mobile web-based tool for members of disadvantaged
rural communities in the Yucatan Peninsula to facilitate the identification of their unmet fundamental
human needs and ideal satisfiers?

For the purposes of this project, the term eHealth “characterizes not only a technical
development, but also a state-of-mind, a way of thinking, an attitude, and a commitment for
networked, global thinking, to improve health care locally, regionally and worldwide by using
information and communication technology” (Eysenbach, 2001) and broadening it so that it applies
not only to health care, but to health in a wider sense.

In this new light, web-based tools are not subordinated to the care of disease or limited to
focus on the reduction of disease prevalence as their outcome, but on health per se while
simultaneously shedding some light on the socio-political changes that are needed to enable every

person to have the same opportunity to achieve a healthy and happy life until the last breath.
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Chapter 2

Design and Implementation of the application

Design Goals

The design challenge was to translate Max-Neef’'s methodology for assessing the
fundamental human needs of a community from a paper-based process into one supported by a
web-based application; to engage people from the community in the evaluation of such platform;
and to translate that experience into a refined mobile application that could achieve the same levels
of consensus in less time, while including more participants and without the need to congregate in
the same physical location.

A secondary goal was to make the application widely available so that as many people as
possible around the world could use it to assess the needs of their community with minimal

training.

The User Interface

Max-Neef’'s approach proposes a participatory methodology where participants organize
into five or more groups and use sheets of paper to capture, as a group, what they consider
negative satisfiers that are hindering the realization of each of the nine fundamental human needs
described in the previous chapter. For each of the need categories, participants capture the
satisfiers according to the 4 existential dimensions until they have filled all 36 cells. They then
designate representatives to eliminate duplicates and synonyms, through a process that usually
takes several hours. The following day all the participants distil the unified matrix through a plenary

discussion, and create a synthesis matrix containing only one element per cell considered by
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consensus to be the most important. The process is repeated again for the ideal satisfiers
obtaining a utopian matrix for the community (M. Max-Neef et al., 2008).

In an effort to make the application more intuitive, the decision was made to present the
target group of users with a set of components with which they would most likely be familiar. The
user interface was created using mobile widgets from the jQuery Mobile framework, which is
completely open source and one of the most popular mobile frameworks for web applications
(JQuery Foundation, 2014). The widgets also resemble the interface components of well-known
mobile operating systems like Apple’s iOS and Google’s Android.

The application was designed to manage the entire workflow and to rely on only a handful
of the simplest components: Labels, Buttons, Lists and Text Input fields. On an Internet-enabled
mobile device, a user would open the web browser and navigate to the project’'s URL (Ros,

2014b). From there, a free account could be created by filing out a short form (Figure 2)

Entrar con mi usuario v contraseia

Nombre:

El administrador es la persona a cargo del
proyecto y de crear los equipos de trabajo en el
sistema. Para acceder necesitaras lo
sigulente:

Nombre del administrador:

Usuario

Contrasefia

-' Figure 2. Sign up form
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After an account is created, a user can login and is presented with the project’s screen (Figure 3).

This screen also allows new users to create a new project.

Necesidades Humanas

Solferino

San Angel

FPuedes crear un proyecto por cada comunidad
donde desees llevar a cabo una evaluacion.

.-'_Figure 3. My projects screen

Taping one of the projects in the list causes the application to navigate to the project home screen.
The user determines the type and number of matrix to create (e.g., “negative satisfiers” or “ideal
satisfiers”). In addition to matrices, a project would contain a number of teams. Each team would
consist of a group of people organized by a team coordinator.

An administrator creates the matrices as well as the teams, and provides the team coordinator with
a user and a password to access the project. Once the coordinators log in, they will be taken into
the project’s screen where the project will be listed along with all of its corresponding matrices.
Tapping one of the projects will open its home screen.

Figure 4 shows the project home screen using the town of Solferino as an example.
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Solferino

Creado
28 de Agosto 2014
Administrador

Jorge Becerra
Matrices
Equipos

Guia para llevar a cabo una
evaluacion

ngure 4, Solferino project home

The team coordinator is then responsible for entering the answers into the system, or assigning a
secretary that can complete this task. The teams are given a deadline to submit their answers, and
they are free to meet on their own time to discuss and fill in each of the cells of the matrices in the
project.

To enter information on the satisfiers into the matrix, the team must choose first a matrix,
which will set the theme of the discussion.

Figure 5 shows a list of matrices available within a project.
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Matriz de necesidades

Registro que almacena respuestas a las
9 necesidades fundamentales
organizadas en 4 categorias
existenciales

Elementos Destructivos

Ideales

Figuré 5. Available matrices in a p_foject

Once a user selects a matrix, it is possible to choose one of the nine fundamental needs out of a
list and then narrow down the selection until getting to the desired cell. This displays the list of
items that have already been added by their team to this cell. To add a new item, a user could tap
the “new element” button, which would take them to a form containing one free text input field so
they can type whatever is on their mind (This was an important consideration because even though
it is more complicated than choosing from a list of prefabricated satisfiers, it was decided that the
latter would constrain the expression of the participants unnecessarily). Items could be added a
concept at a time so that the system can more effectively identify duplicates and synonyms.

A team can add any number of items in each cell without worrying about the activities of
other teams. Figure 6 shows the series of screens that a user would go through in order to input

an element into a matrix.
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Elementos Destructivas Elementos Destructivos Elementos Destructivos Elementos Destructivos

w Subsistencia Subsistencia Subsistenciy

Subsistencia 3 - r Ser

Prateceidn E ] 3 . . Agregar a la cabegoria de ser en la
- necesidad de subsistencia

Adecto
Elementos

Entendimisnta
Falta de empleo
Participacién
Deig
Creacian

Libartad

Ver ln matriz completn (POF)

Figure 6. Series of screens to input an element into a matrix

After all the teams have the opportunity to discuss and enter their answers into the system, the
administrator logs into the project and runs a unification process. This process combines the
different matrices created by each of the teams while comparing items cell by cell and eliminating
duplicate words and synonyms in the process. This unification process yields a single list of items
per cell considering the input from all the teams, and can be completed within a few minutes,
instead of the several hours required with the original methodology where designated participants
had to go through the entire process manually.

The automated unification process introduces a limitation in the reach of the system, as it
creates a dependency on having access to a dictionary of synonyms in the language of the
participants. An alternative is to allow users to decide which words are duplicated and which ones
are synonyms, with support from the software. Although this process requires more user
interaction than a fully automated unification process, it would still be significantly less time- and
effort-intensive than sorting through sheets of paper. It would also eliminate the dependency on

dictionaries. Figure 7 shows the placement of the button to unify a matrix.
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Subsistencia

Proteccion

Afecto

Entendimiento

Participacion

Ocio
Creacion

Libertad

Ver la matriz completa (PDF)

Unificar Respuestas

Combina las respuestas de todos los equipos
el ndo duplicados y sinonimaos. Esta
operacion no es reversibie .

Unificar

Figure 7. Button to unify a matfix

After the matrix is unified, each team meets again to discuss and vote for what they would
consider the most important element for each of the four existential categories and each of the
nine fundamental needs. Once all the teams have voted, the matrix can be distilled to show the
element with the most votes producing the synthesis matrix.

Figure 8 shows the screen where teams vote for one of the items in the unified list for a

particular cell in the matrix.
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Elementos Destructivos

Subsistencia

Selecciona el elemento mas
importante y decisivo para la
necesidad de subsistencia en cada
categoria

La seleccion debe ser basada en discusion
enire el grupo asignado a esta necesidad

& Ser

Falta de empleo
Corrupcion

Dependencia

& Tener

Figure 8. Screen to-'\_/ote for the most important éétisfier within a cell

At any point in the process, any member of the project can export the full matrix, the distilled matrix
or the individual matrix for their team, and download it in PDF format in order to print it, email it or
share it.

Figure 9 shows a partially filled, undistilled matrix exported as a PDF document.
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Solferino

Elementos Destructivos

Necesidad Ser Tenar Hacer Estar
Subsistencia Prudusir paternalismo
cobarde
pobre
comformista
nnhra
Proteccion Cuidar nuestras
tigrras
Respetar las o
pifiones de los
demas
Afecto
Entendimiento curiosidad Estudiar
Creacidn
Participacidn Ser conscientes en Foro
las palabras que se
opinan
QOcio
Identidad Redspeio
Hacer lo que s&
dice
Libertad

Figure 9. Partially filled matrix exported in PDF format

Architecture

To make the platform widely available, a mobile web application based on a client-server model
was chosen. A mobile web application meant that most mobile devices with a modern browser
would be able to use the tool.

A clear distinction and insulation between the server side and the client side applications

was preferred. This separation allows for the creation of multiple client applications that share
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server side services such as storing and requesting data, authentication and authorization
frameworks, and report generation services and instant messaging.

The client applications and the server communicate via a Representational State Transfer
(REST) Application Programmable Interface (API), which is the most widely used type of
programmable interface on the web and it is also the easiest to implement in many programming
languages (Feng, Shen, & Fan, 2009).

The API aims to be stateless, so every request from the client applications is handled as a
separate interaction. This allows the API to be able to adapt to satisfy an ever-increasing usage
demand if necessary. Since every request is handled separately, during a typical session a client
application could transparently get the data indistinctly from any given server within a cluster.
Additionally, if a server crashes, as long as there are other servers available, there would not be a
service interruption. Furthermore, servers could be added to the cluster without having to redesign
the system to meet a higher demand.

In an attempt to reduce costs of implementation and to enable adoption and remixing of
the application, it was decided not only to use open source and freely available technologies
whenever possible, but to also make the source code for the application free.

The prototype application was built based on this open source philosophy. The APl has
been written in PHP 5 (leveraging the symfony framework), the database is powered by MongoDB
and it communicates with client applications using the JSON format. The application is currently
hosted in an Ubuntu Linux server and served by the Apache web server.

Client applications can be written in any language as long as they are able to perform HTTP
requests and can parse JSON data. For this first prototype, the clients is a mobile web application
but native mobile and desktop applications could also be built. The mobile web client source code
is hosted on github where other people can report issues, make contributions or download it (Ros,

2014a).
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For this platform, rich-client applications are needed because in order to keep the server
from managing state, the client applications need to manage their own state; they provide all the
visual interpretations to the data obtained through the APl and they need to handle all user
interaction.

It is this first rich, mobile web client prototype that was the focus of the usability test

conducted to assess whether the platform would be able to achieve its purpose.
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Chapter 3
Solferino: Usability Study

Why Solferino?

Solferino is a small rural community in the Yucatan Peninsula in Mexico. It has a population of
approximately 800 inhabitants who are in a large proportion, as it is typical of the region,
descendants from the Mayans. Mexico, together with Guatemala, Peru and Bolivia, accounts for
80% of the indigenous populations in Latin America (Vazquez Sandrin & Reyna Bernal, 2011).

Solferino was chosen as the place to perform this usability testing because it embodies the
popular perception of a rural community. It evokes images of people living off the land in a more
direct and natural way. It is reminiscent of a simpler time and a simpler life style. Although this is
often a romanticized and misinformed vision of rural communities, which are actually quite diverse
and on average differ more from one another than urban areas do (Flora & Flora, 2012), Solferino
comes close.

From a health equity point of view, based on the social determinants for disease reduction
there are several important dimensions that would put Solferino at a high risk for disease, and for
widespread self-perceptions of poor or fair health.

Despite its vast natural resources, the region has been identified as the most unequal in the
world (United Nations Development Programme, 2010). Mexico is one of the most unequal
countries in the continent (OECD, 2014). The Yucatan Peninsula, in turn, is part of the rural south,
which is the region with the greatest concentration of indigenous people and it is the most
marginalized in the country (Vazquez Sandrin, 2011).

The evidence of health inequity among indigenous people is clear. Their life expectancy is

estimated as 10 years less than non-indigenous populations, their risk of death from pulmonary
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tuberculosis is almost twice as high, and their infant mortality is 58% higher (Haro, 2011). Poor
nutrition throughout an individual’s life and in particular during childhood is in turn one of the main
determinants of health, and productivity (Vazquez Sandrin, 2011).

When considering that Solferino is rural, studies have shown in other parts of the world
have shown that poverty rates of rural families headed by single mothers are high (43% all races,
49% blacks alone and 53% hispanics alone) (U.S. Bureau of the Census, 20086); furthermore
affordable day care generally is not available; and the rural poor are much more likely to live in
mobile homes than their urban counterparts. Knowing the importance of access to education,
good jobs, day care and appropriate housing makes rural communities especially vulnerable to
disease.

Many rural communities have a very high proportion of elderly (Flora & Flora, 2012), which
likely means that chronic diseases are becoming a top concern. There is also a shortage of rural
physicians, with only 10% of them practicing in non-metro areas although 20 percent of the
population resides there (Moody, 2002).

In Canada, generally rural residents are more likely to be in poorer socio-economic
conditions, to have lower education, to exhibit less healthy behaviours and to have higher overall
mortality rates than urban residents. For men for example, life expectancy was higher in areas with
strong metropolitan influence (77.4 years) than in areas with no metropolitan influence (74.0 years).
Also lack of metropolitan influence increases the risk for circulatory disease mortality with the ratios
for moderate, weak and no influence respectively being 1.07, 1.06 and 1.10 in comparison with
urban figures (DesMeules & Pong, 20006).

In Yucatan, the prevalence of tuberculosis is related to social determinants like extreme
poverty, poor nutrition, marginalization of neighborhoods and insufficient hygiene. Local

researchers Heredia-Navarrete et al. reiterate that in order to confront the disease it is imperative to
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intervene not only from the clinical point of view but also political and social (Heredia-Navarrete,
Puc-Franco, Caamal-Ley, & Vargas-Gonzalez, 2012).
The combination of these indicators suggested that Solferino would be in a good position

to benefit from this project if the technology could deliver its promise.

The Usability Evaluation

After completing the design and development of the initial functional prototype of the tool, |
travelled to Solferino to perform user-centred, iterative usability testing following Jakob Nielsen’s
Heuristic Evaluation technique (Nielsen & Molich, 1990). For this type of usability test a small group
of evaluators examine the interface and qualify how well it performs against a list of recognized
usability principles. The number of evaluators is not determined until saturation is reach —when no
new issues are reported during an evaluation, typically 5 evaluators is sufficient but at least 3 are

recommended (Nielsen, 2001).

Methodology

Participants were contacted and recruited at their homes in Solferino with the help of a
local contact who knew the community. Whenever possible the appointment was arranged ahead
of time over the phone. However, when this was not possible the test administrator would show up
unannounced at the participant’s home, sometimes forced to come back on a different day. The
purpose of the visit, the nature of their participation and duration of the engagement was explained
so that participants could opt to participate or not in the evaluation. The sessions lasted from 20

minutes to an hour depending on the role of the participant in the application.
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To start the session the purpose of the application was explained and participants were
guided at a very high level though Max-Neef's methodology (adapted for the mobile-web
application) including the concept of the matrix of needs and satisfiers, the different user roles in
the system and the formation of teams. Participants were handed a mobile device with the
application already loaded and were instructed to go through the entire interface available
(dependant on their role) and to report verbally anything that they considered a problem or
limitation or anything they did not understand.

During this time the test administrator observed the interactions of the participant with the
application and answered any questions while making notes. After the evaluation was concluded
and all the feedback was collected it was compared to the heuristic principles and logged into a
table.

At the end of the evaluation each participant was asked to complete the Computer
Systems Usability Questionnaire (Lewis, 1995), which is constituted of 19 questions using a sliding
scale of 1 to 7 points from strongly disagree to strongly agree. Six out of nine participants (66%)
filled in the questionnaire themselves whereas the other three preferred someone else to read the
questions for them and they would respond verbally with a number from one to seven to indicate

their answer.

Participants

Two types of users were chosen based on their role in the community. Those who were

identified by the local contact as community leaders completed the evaluation as a “project

administrator” while the rest of the participants complete it as “team coordinator”. The project

administrator tasks included creating a new project, new matrices and teams, and entering
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satisfiers into a matrix. The team coordinator tasks, in contrast, were simplified to entering satisfiers
into a matrix.

Figure 11 shows an evaluator during an assessment of the application.

Figure 11. Evaluator conducting the heuristic evaluation

In total nine participants completed the evaluation. Saturation was achieved at five
participants for the project administrators and four participants for the team coordinators. Three
participants conducted evaluations on August 30", 2014, two more on August 315 2014, and four
on September 3@ 2014. There were four female participants: three of them were project
administrators, and one was a team coordinator. Five participants were male, including two who

were project administrators, and three who were project coordinators (Table 1).
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Project Administrator Team Coordinator

2 3

Female 3 1

Table 1. Participants divided by role and gender

Results

All participants completed the heuristic evaluation with the help of the test administrator.
Seven out of the nine (88%) experienced difficulty using the list widgets chosen to navigate the
application, a crucial feature in order to understand its workflow. Quite often they did not know
how to move to the next screen or how to go back and became stuck. Six (66%) mentioned
specifically that they would have liked to have a human being who would have explained how the
application should be used. Five felt that the language used both in the application and by the test
administrator was too technical (55%) and the same number of participants experienced difficulty
navigating back to the project home. Four (44%) Did not know how to enter text into a text box
and 44% of the sessions reported that the internet was too slow to be usable.

Figure 10 depicts the top usability problems described by each of the evaluators. Each row
in figure 10 represents a usability problem and each column represents an evaluator. The cells with
a number 1 in it and shaded in grey indicate that that particular evaluator reported the usability

problem.

29



Lists don't look clickable 1 1 1 1 1 1 1 1 8
Insufficient Guide 1 1 1 1 1 1 6
Language was too technical 1 1 1 1 1 5
Navigating back to the project was complicated 1 1 1 1 1 5
Didn't know how to enter text into the text box 1 1 1 1 4
Internet was very slow 1 1 1 1 4
Notify when there is an error 1 1 1 1 4
Didn't know how to start from the landing page 1 1 1 3
Didn't know how to tap a button 1 1 1 3
Can't edit answers 1 1 1 3
Rotating the phone caused the interface to scale and
not fit on the screen 1 1 2
Too much text, hard to find the option one is looking
for 1 1 2
Auto-correct modifed text without user noticing 1 1 2
Screen locked due to inactivity would not know how
to get back to app 1 1
Fat fingers 1 1
Can't delete answers 1 1
Refreshing the browser doesn't bring you back to
where you were 1 1
Confirmation not provided after completing actions 1 1
Roles of different users not clear 1 1
Hard to keep track which project/matrix elements
were being added to 1 1
Didn't know how to scroll the screen 1 1
3 4 5 B 5 8 9 10 10

Figure 10. Most reported usability problems

The usability principle or heuristic that was most often dishonoured in the sessions based
on the evaluators report was the match between the system and real world. According to Nielsen,
the “system should speak the users’ language, with words, phrases and concepts familiar to the
user” (Nielsen & Molich, 1990). All of the participants reported at least one issue related to a
mismatch or disconnection between the real world and the system. Ten out of the twenty one
(47%) of the usability issues reported was related to an incompatibility in language or
representations used and the participant’s expectations or previous knowledge making the
application unnatural to use. Four usability issues (19%) were related to user control and
freedom. Five out of nine participants (55%) reported at least one issue related to navigating or
finding their place in the application. Three usability issues (14%) were related to poor visibility of

the system status affecting four out of nine participants (44%). One issue (4%) was also reported
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for each of Error prevention, Aesthetic and minimalist design and Help and documentation

principles respectively.

Errors

The application did not recover gracefully from connectivity errors, which rendered the
application unusable with no indication to the participant that the connection had been lost in four
out of nine sessions (44%). Three participants (33%) tried to edit their answer and one (11%) tried

to delete an answer and realized that the application did not provide this functionality.

Computer Systems Usability Questionnaire

The average of the answers across all evaluators was above five points, appearing as if all
participants agreed or strongly agreed that the application overall was easy to use. This result was
surprising as it did not correspond to the test administrator’'s observations and usability issues
these evaluators reported during their assessment of the application and would seem to reflect

politeness, lack of understanding of the questionnaire or indifference.

Table 2 shows the average level of agreement with each of the statements in the questionnaire.

Overall, | am satisfied with how easy it is to use this system 5.78
It was simple to use this system 5.89
| can effectively complete my work using this system 6.11
| am able to complete my work quickly using this system 6.22
| am able to efficiently complete my work using this system 5.56
| feel comfortable using this system 6.56
It was easy to learn to use this system 5.33
| believe | became productive quickly using this system 6.67
The system gives error messages that clearly tell me how to fix problems 5.44
Whenever | make a mistake using the system, | recover easily and quickly 5.89
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The information (such as online help, on-screen messages, and other documentation) 5.56
provided with this system is clear

It is easy to find the information | needed 6.11
The information provided for the system is easy to understand 5.67
The information is effective in helping me complete the tasks and scenarios 5.89
The organization of information on the system screens is clear 5.67
The interface of this system is pleasant 6.67
| like using the interface of this system 6.33
This system has all the functions and capabilities | expect it to have 5.89
Overall, | am satisfied with this system 5.89

Table 2. Average agreement per question
The questionnaire also offered an opportunity for the participants to express in their own
words up to three aspects they believe to be the most negative and positive of the application.
Most participants only entered one or two aspects and some participants chose to not enter

anything at all. Their feedback was translated from Spanish, and is included in Tables 3 and 4.

Most Negative
Needs more instructions
Uses internet in rural communities
Need to be able to edit answers
Needs feature to set objectives and track progress of them
Wording is difficult to comprehend
Internet was really slow
Very technical
Fingers too fat for touch keys
Screen is blocked after inactivity. Don’t know how to get it back
At the beginning it was difficult to understand how to type
Table 3. Most negative aspects identified by participants

Most Positive

Satisfies a basic need

Supports work that normally takes a long time to do

Clarifies ideas, needs and directions to follow

Organization

Facilitates the operation in a work centre

Easy access

It is very easy once you are confident on how to type

It can help so that people can take advantage of this medium
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Table 4. Most positive aspects identified by participants

Participants’ comments and observations

A comprehensive list of all the experiences during this usability test was compiled (see
Appendix). This section highlights the experiences that revealed main assumptions | made and the
implications for my own understanding and for other researchers interested in promoting health
equity in rural communities.

The participants repeatedly indicated that the language used was “too technical”, this
applied both to the graphical interface of the application and the way | described its purpose and
how to use it. | had assumed that everybody knew what the concepts of matrix and fundamental
human need were, and that the methodology | was following could be understood and exploited
without significant adaptation or training by members of a rural community. | also assumed that
because Spanish is my native language, | could communicate clearly and that | was good at
explaining concepts related to the use of ICTs and the identification of human needs.

| had assumed that | knew more about technology and connectivity than all of them. |
thought | was prepared by bringing four Internet-enabled mobile devices, two of them with a
Canadian data plan, and the other two with a Mexican provider. | also managed to bring with me
two 3G modems that were from a local carrier. However, in most of Solferino the cellular signal is
so poor that there is no connection at all most of the time. There is only one house in the entire
town that has Internet access. Yet, everyone in Solferino knows that in order to get a good signal it
is necessary to go “under the Ceiba tree”. This huge tree apparently acts like a kind of antenna, so
whenever someone from Solferino needs to make a phone call, they go there.

At the end of the usability test, | had the sinking feeling that most people did not
understand at all the project, or what | was trying to test. It was clear that they needed help to

grasp what | had built. Even after explaining it, most of them require step by step instructions and
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kept asking questions like “what should | tap now?” or were visibly puzzled when were instructed
to “choose the matrix you would like to fill in”, even though the list of matrices was loaded in their
screen at the time. In later evaluations, | tried to adjust my language and use terms like “table”
instead of “matrix” but the experience was essentially the same.

Some people seemed uninterested and apathetic. At least one participant made it obvious
that was not interested at all in the usability questionnaire requesting to be read the questions out
loud and then randomly alternating the answers from 4 to 7. Another being polite just said 7 to
every statement. | had assumed that what | was presenting was of interest to them and had value,
that there was currently a problem, which | had identified and they had not thought about and it
would be clear to everyone once | explained it. | had assumed that their health was worse than
mine, that they were disadvantaged and needed my help, and that my understanding of the
conceptual aspects of health was more profound and sophisticated than theirs. Therefore |
assumed that | had the responsibility to persuade them to see things my way. They might be at
higher risk of disease according to the social determinants of health. However, | realize now that |
do not know enough about their ability to adapt and self-manage in the face of the challenges they
have and that it is within the range of possibilities that they can do this much more effectively than |

can.

Discussion

The experience in Solferino was very frustrating, humbling and downright embarrassing to me.
These feelings led to deep introspection and to the discovery of many painful and dangerous
assumptions that were invisible to me in the role of researcher.

First, | assumed that | was going to be received with open arms like some kind of saviour. |

had heard about other people acting in this way and | had been part of many discussions around
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this topic before. However, | always thought | would never behave like that; | thought | knew better.
| thought that having been born in the same country and raised in a rural community myself
provided me with an understanding of what the experience of the people of Solferino. | also felt
that they would see me as one of them -one that had gone abroad, received superior education
and had come back to share with them all that knowledge. Instead | had an intense feeling of
being a foreigner, a stranger who did not belong and did not understand them.

| believed the application was easy to use, that there was a common lower denominator
when it comes to experience with user interface components and that it was obvious how to use
the controls that | had chosen for the interface. | was shocked to see that some people did not
know how to interact with a button or how to enter text into a field. In retrospect, it is obvious that
for someone who has never used a touchscreen device, the interface would not be intuitive. How
could anyone know that it is nhecessary to tap on a grey box that makes an input field in order to
get the keyboard to pop up from the bottom of the screen? | thought | was good at putting people
first when designing information technology.

| realize now that | was unknowingly trying to mould their lives to my expectations and
guidelines. | was trying to homogenize their experience by creating an application that could be
generalized so that it would be useful for any community around the world. | was looking for a way
to automate the gathering of data, to represent their needs, and to make the process more
efficient by turning to standardization and abstraction. | believed that technology was inherently
good, and thought that by making it available to them, | thought, they would benefit from it. | did
not consider that my project could be unnecessary, that there could be better alternatives to elicit
their needs, or that it could do more harm than good.

| had assumed that | knew myself and that | was free of biases and prejudices, that |

understood and valued diversity, that | was sensitive to cultural differences, and that | did not
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promote colonial ideas or relationships. | thought | could trust myself to know what was better for
the community.

| was wrong.

My main conclusion is that developing eHealth innovations that seek to promote equity
among members of marginalized communities requires efforts to involve them as partners at all
stages of the project, from the formulation of the question and the identification of objectives,
through the design and refinement of the intervention, to data collection and analysis.

Members of marginalized rural communities should be involved in the innovation process
as co-creators of the interventions that are meant to improve their lives. They should also be
regarded as reverse mentors for researchers coming from resource-rich environments.

Only through deep respect for the community, and humility, researchers like me will have
the privilege to develop a strong sense of trust, and to enjoy the power of collective agency (Flora

& Flora, 2012), to maximize the ability to tackle common social problems, together.
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