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ABSTRACT

Sana is a 6-year old MIT-affiliated volunteer-run organization dedi-

cated to tackling the issue of global health disparities through foster-

ing multidisciplinary collaborations between different stakeholders

in low-to-middle-income countries (LMICs). Sana engages in several

activities such as:

" Running a spring MIT course on health informatics

* Collaborating on mobile health projects with partners world-

wide

" Organizing hackathon events held worldwide

" Developing a software telemedicine platform

The group however is struggling to juggle all these projects with

the limited staff and funding it has. This thesis evaluates the Sana or-

ganization, its associated stakeholders and ecosytem using the ARIES

framework to make recommendations on what activities Sana should

pursue in the future and what concomitant changes are required to

execute and scale those activies sustainability over the long term.

The main lesson of this thesis is that, instead of focusing on grow-

ing a sparse worldwide network of collaborators, Sana should focus

its efforts on growing regional networks of such collaborators. The

proffered architecture for a such a network is a consortium of regional

universities. This consortium would have a mandate of supporting

the launch of local mHealth initiatives and more importantly, the in-

tegration of these initatives into local health systems. Only through

such concerted efforts to bolster health-related research capacities in

LMICs will these countries be able to address the large health in-

equities in their populations.
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1
INTRODUCTION

The object of this thesis to analyze a volunteer MIT group called Sana,

based in the Computer Science and Artificial Intelligence Laboratory,

to proffer alternative means of re-organizing the group so as to be

more financially and operationally sustainable in the future. "Sana,

a word that means 'health[y]' in Spanish and Italian, and 'hope' in

Tagalog"[6] represents the aspirations of the organization. Sana is

a 6 year old organization dedicated to tackling the issue of global

health disparities through fostering multidisciplinary collaborations

between different stakeholders in small geographic locales (see sec-

tion 2.1 for more details on Sana). Sana brings together these stake-

holders, namely academics; engineers and clinicians to work on holis-

tic solutions that leverage mobile health technologies to maximize the

delivery of quality health at the lowest expense using readily avail-

able technology.

In this chapter, we first define precisely what is meant by global

health delivery and then we drill into Sana's approach to global health

delivery; the challenges that Sana faces to achieve its goals before we

end with the scope and methodology used in this thesis.

1.1 GLOBAL HEALTHCARE DELIVERY CHALLENGES

i.1.1 State of Healthcare Quality in Global Settings

The term 'global healthcare' refers to a burgeoning wide-open field

that encompasses many subfields and domains. For the purposes of

this thesis, let us use Porter et al.'s definition of global healthcare

as "the provision of a limited set of health services to underserved

populations in resource-poor areas of the world."[3o] The goal behind

these provisions is to maximize patient value, that is, to maximize

7



1.1 GLOBAL HEALTHCARE DELIVERY CHALLENGES

patient health outcomes over the full life cycle of the patient's medical

condition[34. The full lifecycle of healthcare encompasses everything

from efforts to prevent medical conditions in the first place, to the

access and delivery of quality healthcare at the point of care, to follow

up checkups post hospital/clinic release.

This focus on patient value over the entire life cycle, a systems

approach if you will to healthcare, is a departure from established

practices that many medical organizations, especially in resource-

constrained settings, follow. In general, medical organizations fall

back on either easy to measure process metrics that are only tangen-

tially related to patient value or, as is commonly the case in low to

middle income countries (LMICs), they do not rely on metrics on pa-

tient outcomes at all and instead rely on old, established practices

that may not be evidence-based.

Moreover, even if the LMIC clinicians were following medical prac-

tices based on established research, that research is most likely con-

ducted in wealthier nations and on different demographics. For in-

stance, research showing the efficacy of a drug to treat the symptoms

of influenza in white males in the United States may have little to no

bearing on the same drug's effect on infant females in Uganda. Be-

cause medical practitioners in LMICs may not have the resources to

conduct their own research on best medical practices, they fall back

on these foreign research findings with possibly negative outcomes

for their patients.

One may ask why would a resource limited country need to per-

form research when issues of healthcare access have not been re-

solved yet. The assumption made here is that if we were to add

more resources, for instance more clinicians, then healthcare out-

comes would improve. The underlying issue however is not simply

the quantity of healthcare provided but also the quality of healthcare

delivery in LMICs. Beyond being of inadequate quality, bad health-

care delivery might lead to preventable harm, and even death in some

cases, to patients. A research study that spanned eight LMIC coun-

tries and 26 hospitals found that an alarming rate of adverse patient

outcomes were due to poor healthcare management and the authors

recommended that "basic clinical processes of diagnosis and treat-

ment need broad attention, aided by the provision of clinical policies
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1.2 SANA'S APPROACH TO IMPROVING GLOBAL HEALTH PRACTICES AND ITS CHALLENGES

and protocols standardized on best practice and supervised in their

implementation"[42].

1.1.2 Access to Quality Healthcare in Rural/Remote Areas

As mentioned earlier, one of the impediments to effective healthcare

delivery is that of access. People may not be able to access specialized

care in hospitals and clinics because of one or more of these factors:

1. Geographic distance and/or time to reach health clinic.

2. Cost: the cost of seeing a specialist doctor is too high for many

of the poor.

3. Lack of Awareness: People may not know to seek medical atten-

tion for their conditions.

Even if the patient were to find a hospital and seek initial medical

attention, she may not come for follow up visits because of time or

monetary costs. It is precisely for these class of problems was the

telemedicine field, and specifically mobile health (discussed in 2.2.1),

birthed.

1.2 SANA'S APPROACH TO IMPROVING GLOBAL HEALTH PRAC-

TICES AND ITS CHALLENGES

Sana initially started as a group working on an open source telemedicine

mobile platform named Sana Mobile:

The platform allows the transmission of any type of med-

ical datatext, audio, video or photofrom a rural health

worker to a remote medical specialist for real-time deci-

sion support, and for incorporation into an electronic med-

ical record in order to facilitate care, quality control and al-

low statistical analysis. By functioning as a portable med-

ical record, Sana also offers the ability to track patients

more easily. The point-of-care platform is open source

and customizable, allowing doctors to encode new assess-

ments onto smart-phones for a specific application, or to

use existing ones.[17]

9



1.3 THESIS SCOPE AND GOALS

The platform was deployed in several settings, most prominently

in the state of Karnataka in India where the goal was to provide a tele-

health solution for early oral cancer detection in the rural south[18].

Community health workers (CHWs) were given cell phones that ran

a mobile application built on the Sana platform and were trained to

capture the appropriate regions in the mouth and transmit the pic-

tures to an oral cancer specialist at a large healthcare center. The

specialist, having received the images, would screen the pictures and

identify high risk individuals for further analysis at the healthcare

center.

The pilot study showed the success of empowering CHWs with mo-

bile technology and remote consultation, as they were able to identify

at-risk individuals amongst all the screened subjects. However, the pi-

lot also showed that a very low percentage of those subjects who were

advised to seek further treatment complied; only 4% of those advised

by the CHWs to seek further care actually went to the tertiary health

center[18]!

The difficulty in getting subjects to comply serves as an example

of the multi-faceted challenges of global health. The study shows

that a technical solution alone, such as the Sana Mobile platform, will

not improve healthcare outcomes unless it is part of a larger, holis-

tic solution that addresses the different aspects of quality healthcare

delivery.

To tackle these issues, Sana adopted the mantra of 'collaboration,

co-creation and capacity building' because the organization believes

that only through multi-disciplinary collaborations can one hope to

grapple with the inherent complexities of healthcare delivery in resource-

limited settings (see chapter 2.1 for more information on Sana).

1.3 THESIS SCOPE AND GOALS

The scope of this thesis is to analyze the Sana organization in light of

their efforts to build multidisciplinary collaborations with a particular

focus on two issues:

i. Financial sustainability

2. Future direction of the organization

10



1.4 PROJECT METHODOLOGY

Regarding the first issue, the volunteer organization has no steady

financing streams and so Sana is constantly seeking grants to fund its

projects and its engagements worldwide. Given that they do not have

a person dedicated to fund-raising, the Sana core team spends a lot of

time writing grants. Moreover, their project and engagement choices

are largely driven by the availability of partners on the ground to

fund themselves, which limits any strategic maneuvering.

With regards to Sana's future direction, Sana wants to build re-

search capacity in the LMICs and inculcate a culture of quality im-

provement that uses digitized healthcare data for evidence-based medicine.

Sana however is not clear on what avenues to pursue in the future.

Given the limited human capital available, some of the questions Sana

is grappling with are:

* Should Sana register as a 501 (c)(3) non-profit organization; as

a full-fledged MIT center; or as something else entirely?

* How can Sana expand the small open source community around

the platform?

" What approaches, aside from the hackathons that Sana cur-

rently organize worldwide, can help foster and crucially sustain

multidisciplinary collaboration?

" Moving forward, which strategic partnerships should Sana en-

gage in to ensure not only financial viability, but the ability to

scale operations?

This thesis delves into these issues primarily with the goal of iden-

tifying what the critical change drivers are for Sana and identifying
the architecture that will help the organization achieve its mission in

the next five years.

1.4 PROJECT METHODOLOGY

The "Architecting Innovative Enterprise Strategy" (ARIES) framework[32]

was used to analyze Sana's organization. This framework, coupled

with stakeholder analysis and X-Matrices, shed light on the different

facets that could impact Sana's transformation to achieve its mission

11



1.4 PROJECT METHODOLOGY

and it helped manage the complexity of the ecosystems that Sana op-

erates in. This thesis also reflects in the last chapter on the lessons

learned from applying ARIES to a small, volunteer enterprise.

12



2
SANA'S INTERNAL AND EXTERNAL LANDSCAPE

2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

The Sana core consists of three individuals: two research scientists

as co-directors of Sana and a lead software developer. Both directors

are practicing medical doctors (one works at an intensive care unit 12

weeks a year) and both work in MIT's Laboratory of Computational

Physiology (LCP). Their expertise range from medicine, to health in-

formatics, to mobile health technologies.

The only paid team member is the lead software developer in the

group and he has expertise in building software that can run in inter-

mittent network situations and other low-resource settings. The lead

developer is also well-versed in numerous medical protocols. Outside

the core team are several individuals, mostly academic researchers

worldwide, who partner with Sana in one or more ways. Partners in

the past have:

1. Worked with Sana on researching and deploying pilot mobile

health projects in their locales

2. Provided mentorship to Sana's course (refer to section 2.1.1 for

more info) students to give them "on-the-ground" expertise

3. Provided Sana with man-power (students) to work on Sana's

global projects.

These relationships ebb and flow based on the current state of

shared projects and whether Sana's flagship course is in session.

13
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2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

2.1.1 Sana's Activities

As part of its mission to build capacity in and collaboration across

networks worldwide, Sana works with academic partners in LMICs

in several ways: running bootcamps and hackathons; conducting re-

search; managing pilot project deployments and running an annual

MIT course that these partners and their students partake in. The fol-

lowing sections elaborate on these separate yet synergistic activities.

Development of the Sana Mobile Platform

The Sana Mobile platform has several components including:

* A backend component that talks to an electronic health record

system and/or a web-based application

" A frontend component that includes a mobile application with

decision support for medical protocols and interface capabilities

to medical diagnostic devices

" A middleware component that serves as a glue between the

front and the back components and that controls the overall

communication of data through the platform.

These components are colored red in the following figure:

Platform

Ee I

Wb Tois Data Store

Commncation Medical Devices

etc

WebARs De eAP

S 4

d Cs
Middleware "r-S Mobil Clhemt

r Iremt

Remote
Expert

10

Figure 1: Overview of the Sana Mobile platform[43]

As this figure shows, there are a lot of moving parts in this platform

and thus a lot of work and expertise is required from the Sana core

14
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2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

team, specifically the lead developer, and the community of the plat-

form's users to maintain and update it. However as Chapters 3 and

4 attest, such maintenance of the platform has not been forthcoming

for several reasons.

Running Bootcamps and Hackathons

Sana runs, with the aid of a logistical partner on the ground (usu-

ally the local academic partner), an engineering bootcamp and a medi-

cal hackathon. Engineering bootcamps are intensive 2-4 day courses

aimed at teaching engineering students of the partner universities:

" An introduction into global health informatics, that is, how to

systematically process healthcare data and knowledge[29].

" An introduction to mobile health tools and platxforms, specifi-

cally the Sana platform.

" The clinical perspectives and the inherent complexities of qual-

ity healthcare delivery

Each bootcamp is then followed by a medical hackathon. Medi-

cal hackathons, popularized by MIT's Hacking Medicine group, are

short, time-bound events that bring together multiple stakeholders to

form multidisciplinary teams each of which aims to solve a press-

ing clinical problem. Like Hacking Medicine, Sana structures its

hackathons to be problem-driven not technology driven[23]. In other

words, teams in Sana hackathons start with real, clinical needs as op-

posed to looking for applications of pre-baked technological solutions.

These real needs come from local clinicians, an essential ingredient in

these hackathons, who have the contextualized knowledge of on the

ground complexities of healthcare delivery.

During the hackathon, teams iterate on their solutions rapidly and

the more successful ones end up with a prototype that embodies the

bootcamp lessons. In the ideal scenario, these successful teams go on

to further refine their work and to deploy pilot projects in their target

populations. However, as section 2.2.1 explains, the real challenges

start in the deployment phase.

15



2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

Sana's Flagship MIT Course

In contrast to the short hackathons, Sana's MIT course (HST.9 3 6), now

running its sixth iteration at the time of this writing, runs over a

semester and expands on the topics covered in the above-mentioned

bootcamp and more. The course attracts a similarly diverse cadre

of participants including clinicians; computer science students; bio-

engineering students and people of other domains to learn more

about each other's fields. For instance, clinicians learn about the

software development process and resource (human capital) manage-

ment whereas engineering students learn about tackling challenges of

project deployment, including the training community health work-

ers. All the course participants learn about how to design technolog-

ical solutions for resource-limited settings.

Moreover, the HST.936 course pairs up mentors with teams that

either form anew during the semester or it pairs up a team already

working on a problem with students new to global health informatics.

Some of the course attendees and mentors are former hackathon par-

ticipants. This overlap of attendees is intentional because all projects

need to go through multiple phases. The course thus serves as a ve-

hicle to bring in new blood to individual projects and to push these

projects further along every year.

To expand its academic reach to more students, Sana is currently

working to develop a massive open online course or MOOC. They are

also writing a new textbook that summarizes their academic and on

the field lessons.

Consulting Work

Over the years, Sana has worked with big non-governmental agen-

cies such as the International Organization for Migration as well as

motivated individuals to build custom mobile health applications to

serve their constituents' needs. One example is the screening of oral

cavities for cancer mentioned in section 1.1.2. Another example is an

ongoing project spearheaded by a physician in Haiti to monitor for

post-surgical infections.

The physician first noticed that people in a mountainous and poor

area of Haiti did not seek medical treatment even though it was freely

available to them in a nearby valley hospital. Further investigations



2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

revealed that this population suffered from an illiteracy problem in-

hibiting them from pursuing healthcare, for example corrective surg-

eries for hernias, as they were unable to navigate the health system

(imagine not knowing which line to stand in to receive your medica-

tion because you are unable to read the signs above the lines). Even

if patients from this population were to receive treatment such as

surgery, the challenge remained of how to follow up with them after

surgery to ensure that the surgical incision sites are not infected.

To resolve the first problem of initial healthcare access, the physi-

cian recruited community healthcare workers to screen for potential

patients in the mountainous area and then to accompany identified

individuals to the valley hospital and help them navigate the health

system. With regards to the second issue of post-surgical check-ins,

the physician worked with Sana to develop a mobile health applica-

tion that community health workers can use with each patient en-

counter at the mountainous region to:

" Conduct and record answers to a questionnaire, for example,

"have you noticed any pain or swelling at the surgical site?"

" Take a picture of the patient's surgical site.

" Record other observations that concern the community health

worker.

" Send the above data securely for review by the operating sur-

geon and a research team.

This project was a success so much so that there are plans to roll

out a similar project in Rwanda.

2.1.2 Sana's Core Values, Ideology and Strategic Imperatives for Transfor-

mation

Sana's core values can be summarized in their stated approach:

Our approach is to democratize access to quality health-

care through open source technologies, democratize knowl-

edge through the exchange of learning across partners,

and to democratize access to global networks of multidis-

ciplinary experts. We believe that geniuses abound in our

17



2.1 SANA ORGANIZATION (INTERNAL LANDSCAPE)

partner countries, and these geniuses are more likely to

develop sustainable and scalable solutions, as they better

understand the local problems and environment[36].

These values stem from their ideology that, because high quality

healthcare delivery is so complex and context sensitive, societies must

marshal multidisciplinary resources in an efficient manner to effect

positive, sustainable change in local healthcare systems. Moreover,

lessons learned in one part of the world can be adapted and leveraged

in other countries that face similar resource constraints.

Through several discussions with the Sana core team, the following

strategic imperatives for transformation bubbled up the most:

" Sana must expand their worldwide project engagements world-

wide from 5 to 20

" Sana must establish their brand worldwide, possibly indepen-

dent of MIT, as an important partner in global healthcare deliv-

ery value chain

Due to the uncertainty around funding, the timescale envisioned

for this transformation is approximately 5 years.

2.1.3 Motivations for Change

One of the main drivers for the need to transform Sana's organiza-

tion is financial and operational sustainability, defined in this thesis

as: the ability to raise money to fund both Sana's project engagements

worldwide and to develop the Sana Mobil platform. At the time of

this writing, the directors of Sana spend a large chunk of their time

either writing grants or running bootcamps to teach engineering stu-

dents the fundamentals of mobile health (mHealth), leaving them lit-

tle time to work on research projects and enhancing the Sana Mobile

platform.

2.1.4 Sana's Capabilities

As an organization, Sana has a lot of expertise in several aspects of

mHealth: from software project management, to medical protocols,

18



2.2 EXTERNAL LANDSCAPE - A LITERATURE REVIEW

to building mobile applications robust to network connectivity prob-

lems to design and systems thinking. However Sana needs to develop

a lot of new capabilities to see through their strategic imperatives,

namely:

" Financial sustainability: Have enough capital to focus on projects

that further its long-term goals instead of projects to keep the

organization afloat

" Efficiency in internal operations including fund raising and main-

taining open communication channels with worldwide partners

* Marketing its work to others to grow its partner network and

also to grow the open source developer community contribut-

ing to the Sana Mobile platform. Much of the Sana website

(http://sana.mit.edu) for instance has not been updated in 2-3
years.

" Replicability: the ability to deploy people with skill sets similar

to those in the core team to enable Sana to take on more projects

worldwide.

2.2 EXTERNAL LANDSCAPE - A LITERATURE REVIEW

Since Sana has projects in different parts of the world, a decision

regarding geographic scope had to be made for this thesis. The

decision was made to focus on Latin America and the Caribbean,

specifically Colombia, due to the availability of literature on mobile

health initiatives in this region. As alluded to earlier (see section

2.1.2), lessons learned in one context may hopefully be transferable

to others. Regarding the scope within the world of mobile health, this

thesis focuses on telemedicine which is Sana's expertise. Other uses

of mHealth include serving "as a channel to effectively address social

determinants of health and reduce avoidable inequities in health[26]",

among other uses.

2.2.1 mHealth Landscape

Mobile health refers to the use of mobile phones to aid "in collecting

community and clinical health data, delivery of healthcare informa-

19



2.2 EXTERNAL LANDSCAPE - A LITERATURE REVIEW

tion to practitioners, researchers, and patients, real-time monitoring

of patient vital signs, and direct provision of care[41]." The promise

of mHealth in low-to-middle-income countries is that it reduces trans-

portation and time costs for those most in need, the poor and elderly

in rural and resource-limited areas, to seek quality healthcare[40][27][22].

With the spread of smartphones and internet connectivity, mobile

technologies can help bring specialist care to these vulnerable popula-

tions. The Holy Grail is the integration of mHealth initiatives into the

wider healthcare systems. However, the track record of pilot projects

to leverage said technology has been poor and the results of these

research projects have been inconclusive.

The following sections delve into some of the more prominent

ecosystem factors that impact the integration of mHealth initiatives

into healthcare systems with the goal of tying it back to Sana's mis-

sion and its value proposition.

Mobile Technology State

Smartphones, specifically the physical handsets, have progressively

gotten cheaper, especially those that run the Android operating sys-

tem, making them very attractive for wide deployment in many mHealth

interventions. They also continue to improve in processing power

and in memory size so even if there are network intermittency is-

sues, the handsets (given the appropriate software) can store patient

health information temporarily until it is sent over when connectivity

is available. Decreases in battery power consumption, though have

not kept up with increases in processing speeds[15]; this is especially

pertinent in resource-limited settings where Sana operates. The most

pressing technical issue on the handset end of the healthcare delivery

is not the hardware however, it is the applications that run on it.

Among the major impediments to mHealth today are two related

to the software applications. The first issue has to do with interoper-

ability, that is, the ability of one system to communicate patient health

information and other data to other systems[24]. This is a critical mat-

ter for a healthcare system of systems to operate efficiently because

as mentioned in section 1.1.1, a patient may suffer from multiple con-

ditions and having for example different mobile telemedicine applica-

tions that are unable to communicate data to the same personal and
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electronic health record systems makes the task of holistic treatment

that much more difficult.

A related second issue facing mHealth applications is a lack of

what Estrin et al. refer to as an open archuitecture[25]: a set of shared

data standards, formats and communication protocols. Estrin et al.

use the example of the architecture of the internet as an exemplar of

how opening up the architecture promoted rapid growth and innova-

tion.

mHealth Architecture
Stceprpx Open

-04 . ...... ehr-mqr

data ard knoledge

5tar redzed
- persona data

D a turta nnd health

exchange pmooc As

% tvr lnes pet~r N wl'

Figure 2: mHealth architecture: Stovepipe versus Open. The nar-

row waist of the open hourglass will include at least health-

specific syntactic and semantic data standards; patient iden-

tity standards; core data processing functions such as fea-

ture extraction and analytics; and data stores that allow

for selective, patient-controlled sharing. Standards should

be common with broader health IT standards whenever

possible.[25]

The authors argue that a similarly open architecture (shown here

in Figure 2) is needed to define health system interfaces. For instance,

both health diagnostic sensors on the frontline side, labeled in the fig-

ure as "Data Capture", and clinical databases on the backend (labeled
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as "Analysis, Visualization and Feedback") must have standardized

interfaces or APIs to work well with the middle communication lay-

ers. With such an agreed upon interface set or architecture, system de-

velopers in LMICs can focus on building customized applications to

suit their particular needs knowing that their work will leverage any

developments made elsewhere to the core modules powering their

applications. Moreover, as section 2.2.1 explains, the lack of a stan-

dardized mHealth architecture makes it harder to compare different

technical approaches.

mHealth Research Projects

The dearth of evidence supporting the efficacy of mHealth projects

in low-resource settings is startling: most of the interventions started

never go beyond the pilot stage[37][16], leaving little information on

what works and what does not in improving the access of high quality

healthcare to those most in need. Tomlinson et al.[37] listed many

issues with mHealth research projects including:

" Lack of an agreed upon evaluation strategy

" Lack of consideration of established social theory on behavioral

change, a practice widely used in evidenced-based medical in-

tervention studies, among many mHealth projects

" Lack of uniformity in selecting features to test, making it impos-

sible to compare experimental results of different pilot mHealth

projects

* Studies have not followed best practices of conducting research

to provide sufficient evidence of "scale-up worthiness":

1. Two efficacy trials (prove that it works in ideal conditions)

2. Two effectiveness trials to show it works in real-world con-

ditions

3. Research on the limiting factors to disseminating the project

widely.

All the above mentioned issues and others serve as barriers to scal-

ing up these mHealth projects into meaningful interventions that can

help many more people.
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Peiris et al.[33] showed that not only is there a paucity of mHealth

studies focused on non-communicable diseases (NCD) which threaten

many communities in LMICs, but that the only studies that were

conducted focused mostly on text-based messaging interventions for

behavioral change. Thus the power of smartphones (the ability to

capture rich media, processing capabilities, connectivity, etc.) has not

been harnessed. Moreover, Peiris et al. lamented that few studies

focused on how mHealth tools can strengthen health systems:

There is a lack of research on end-to-end health care sys-

tems where multifaceted strategies are taken to improve

patient care. Restricting mHealth to patient-level behav-

ior change initiatives on its own will not be adequate to

promote reductions in NCD burden in LMICs. Mechael et

al. recommend that mHealth move from single-solution

focused approaches to become an integrator of health in-

formation across the entire continuum of care.

This last point is particularly problematic because it means that the

vast majority of these mHealth projects were not designed with pub-

lic policy in mind, thus one cannot use their findings to make policy

recommendations to bolster health systems in LMICs. Mobile health

projects in Colombia unfortunately suffer from the above issues as

well: Rey-Moreno[351's systematic review of telemedicine projects re-

veals that though these projects served more than half a million pa-

tients and connected over 650 healthcare institutions in low-resource

areas, none of the projects have been evaluated with rigor. Adding

to the wasted opportunity of such efforts, the telemedicine tools were

not shared but instead individually developed by each institution.

2.2.2 Policy in Colombia

In Colombia, policy has had mixed results on furthering the mHealth

agenda. On the one hand, the National ICT Plan for 2010-2014 has

been a huge success in increasing the availability of broadband access

to the Colombian population, including people with low incomes[8].

Moreover, the Law 1,122 of 2007 reforms General Social Security Sys-

tem in Health and "encourages telemedicine services in difficult to
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access territories and ensures the public resources and mechanisms

through which these funds shall be allocated for this purpose"[28].

On the other hand, though the Colombian Ministry for Social Pro-

tection's Resolution 1448 put into place regulations for the provision

of telemedicine, it narrowly defined telemedicine as "the provision of

remote health services [...] by health-care professionals using informa-

tion and communication technologies..."[28]. This is problematic be-

cause it limits who can use this service, thus community health work-

ers for instance who are not healthcare professionals cannot utilize

telemedicine tools. This brings up the cost of telemedicine servies ef-

fectively defeating its purpose to lower healthcare costs and increase

access to the poor and underserved.

Despite these challenges, there are opportunities in telemedicine in

Colombia. Jorge V61ez[28] predicted that municipalities in Colombia

have enough money to provide telemedicine services for the entire

population over the next 15 years so that indicates the importance of

winning over municipalities to help finance mHealth projects.
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3
STAKEHOLDER ANALYSIS

To understand the role that Sana plays in the larger ecosystem, this

chapter delves into the value exchanges between the organization and

this ecosystem through stakeholder analysis which "aims to evaluate

and understand stakeholders from the perspective of an organization,

or to determine their relevance to a project or policy"[19].

The stakeholder information was gathered in several ways includ-

ing:

* Discussions with different stakeholders in Sana's ecosystem, in-

cluding the core team members

" Gleaning findings from grant applications for funding.

" Reading materials (research papers, presentations, etc.) created

by the stakeholders

The first section describes the different stakeholders, their roles in

the enterprise and their individual needs. The subsequent sections

then aggregate the information and perform an analysis of the col-

lected data.

3.1 THE STAKEHOLDER TYPES

3.1.1 Sana Core Team

As described in the previous chapter, the Sana core team consists of

mostly individuals who volunteer their time to carry out the various

Sana activities (see section 2.1.1).

25



3.1 THE STAKEHOLDER TYPES

Sana Core Needs

One of the main bottlenecks of Sana's efforts is funding: the Sana

directors spend a lot of their time applying to grants: from applying

to MIT International Science and Technology Initiatives (MISTI) to

foundations such as the Wellcome Trust and Rockefeller foundations.

They also aid their worldwide academic partners to write grants to

their host countries' ministries of health with the goal of funding the

partners' mHealth projects.

Another major bottleneck for Sana is the inavailability of a thriv-

ing open source community of developers around its Sana Mobile

platform. Today, Sana is mostly reliant on students who attend the

HST.9 3 6 course remotely. Because these students mostly cycle through

every year, there is no continuity in contributions to the platform's

code base. Organizations that do deploy the code base generally

copy the code and make modifications to their copies instead of re-

submitting the changes to the original Sana Mobile platform code-

base. Sana needs help on the platform front on two main aspects:

i. Usability - the current architecture needs to be modularized

more to simplify its extensibility and flexibility for different ap-

plications.

2. Health Insurance Portability and Accountability Act (HIPAA)

compliance - the Sana Mobile platform does not have the nec-

essary features to meet these laws that govern patient health

information privacy and security.

Though the Sana organization is technology agnostic: their main

aim is to empower their partners to use whatever technology is best

suited to conduct evidence-based research or to provide high quality

healthcare, one could argue that is imperative to build this network

of developers for two reasons.

Firstly, the Sana Mobile platform can serve as a "water-cooler"

around which diverse individuals can come together to share their

know-how on harnessing technology in low-resource settings. For ex-

ample, one developer attending Sana's HST.9 3 6 course lamented that

many of the open-source software libraries assume constant connec-

tivity. This assumption is baked into the code making it quite fragile

when deploying it in low-resource settings where constant connectiv-
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ity is not a reality. Thus if one set of developers managed to solve this

connectivity assumption problem for their deployment and shared

their knowledge through code sharing with others, then the prover-

bial wheel need not be re-invented.

A second reason to grow the open source community relates to the

issue of tool standardization for research and healthcare delivery. As

mentioned in Section 2.2.1, one of the criticisms of mHealth projects is

that they leverage different technologies making it hard to a) integrate

them into different health systems and b) compare the efficacy and

effectiveness of different clinical deployments - important metrics for

health policy considerations.

Given the myriad projects that Sana is involved in: from research

work for MIT to coordinating hackathons; to running a spring semester

course and to managing relationships with on the ground partners

worldwide, Sana has a lot of need for operational management ex-

pertise. An operations manager would offload a lot of the logistics

work of coordinating with multiple stakeholders and would help pri-

oritize among the numerous initiatives. The manager would thus free

up the Sana core members to focus more on the execution of projects.

3.1.2 Partner Academics - Engineers

Sana partners with a handful of technical academics, defined here as

computer science or engineering faculty, who work with Sana in one

or more of the following four ways:

1. The academic researcher sponsors a student project and serves

as a mentor for students attending the HST.9 3 6 course.

2. The academic researcher is also a faculty member who encour-

ages his/her students to sign up for the course.

3. The academic researcher works directly with Sana who serve as

advisors for the former's mHealth project deployment.

4. The academic researcher invites Sana to run a bootcamp and

hackathon (see Section 2.1.1 for more details) at his/her univer-

sity.

One example of such a partner is a professor at a Colombian uni-

versity. The professor has been working with Sana for 4 years on a
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couple of projects, including a pilot that involved transmitting elec-

troencephalography (EEG) data collected by portable EEG monitors

in the field and transmitting that data using the Sana Mobile platform

to health experts. Though the pilot project caught the attention of a

championing pediatrician, the project has not made much headway

due to lack of support from the medical faculty in his university and

due to restricted government funds[9].

Another individual who provided input for the stakeholder analy-

sis is an associate professor in the University of Waterloo. A former

MIT Computer Science and Artificial Intelligence Laboratory (CSAIL)

graduate student, the associate professor had been exposed to Sana's

work early on and he wanted to bring that exposure to his student.

The professor wanted his students to work on meaningful and im-

pactful projects - Sana provided him with such projects and he in

turn provided very capable students to work on the platform and

other related endeavors.

Needs

As indicated in the previous section, technical researchers lack the

medical background to develop and deploy mHealth projects on their

own. They thus need to collaborate with clinicians and medical fac-

ulty who know better the ins and outs of the local healthcare system.

Other needs include:

" Guidance on best practices for usability of mobile applications.

Given that many of the mHealth projects involve arming com-

munity health workers who may not be technically savvy, it is

imperative that the deployed mobile applications are as user

friendly as possible.

" Help with convincing local clinicians to adopt new tools such as

mobile phones and telemedicine. In the example above, the pro-

fessor found that clinicians, especially those with many years of

experience, tended to resist the adoption of new tools into their

workflows.

" Policy support to fund the incorporation of information com-

munication systems into healthcare, a necessary infrastructure
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to support the deployment and use of mHealth projects in the

field.

3.1.3 Partner Academics - Physicians

There are two sub-types of researchers in this camp: clinicians on

the field and medical researchers who analyze big healthcare data.

Examples of the data analyst researchers include a professor in the

University of San Francisco and an MD PhD turned e-health services

consultant for the Municipality of Trikala, a region in Greece. The

University of San Francisco professor has worked with Sana in the

past on mentoring HST.9 3 6 class projects and on deploying a project

to collect psychological data from children using Sana-based mobile

applications[111. The Greek researcher on the other hand worked

with Sana in serveral ways including working on a prototype mo-

bile application for use with diabetic patients; writing proposals for

grants to fund his projects and co-organizing a hackathon to stir up

interest of mIHealth in Greece[io].

The second group of researchers, on the field clinicians, is best ex-

emplified by a physician in training who has been working for several

years in Haiti (refer to section 2.1.1).

Needs

Both healthcare data researchers expressed the same concerns with

the Sana Mobile platform: the platform does not meet the privacy

and data security rules that govern the use of patient health infor-

mation in their host countries, such as HIPAA. Thus the researchers

are forced to look elsewhere for products that meet these regulations.

One of the researchers also wanted the Sana Mobile to be easier to

use to pipe patient health information into databases more amenable

for research as opposed to for clinical care.

Interestingly, the researchers independently suggested the same so-

lution to improve the platform to meet the above needs: Sana ought

to pursue a business model that results in courting private companies

to adopt and develop on the Sana Mobile platform. The researchers

believe that private enterprise in the healthcare space, driven by profit
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motives, can leverage the Sana Mobile platform to avoid starting from

scratch and build applications customized to their target markets.

Separately, the physicians on the ground doing clinical work have

other needs to do their work, including:

" Help building a prototype - they may not have the technical

know-how to do so independently

* Help designing a pilot: deciding what medical guidelines to

program into the phone that best suit the project's needs, how

to run usability testing, etc.

" Help to ensure that applications designed for minimally trained

field healthcare workers are easy to adopt and use. This in-

cludes both:

- Designing the application well taking into account usabil-

ity best practices

- Training the field healthcare workers to use the application

and to adapt it as necessary in response to feedback.

3.1.4 Developers

Software programmers serve two functions in relation to the Sana Mo-

bile platform. Firstly they build on top of the platform applications

for mHealth projects and secondly (but much less frequently), they

contribute bug fixes and enhancements to the platform source code

itself. The latter function is generally done under the guidance of

Sana's lead developer, who is also the go-to person for all questions

regarding the platform's architecture and details. Most, if not all,

the developers contributing to the Sana Mobile platform are students

attending Sana's HST.93 6 course.

Needs

When asked about how to create a thriving open source community,

the OpenMRS[5] project lead suggested the following:

" Give developers feedback and make them feel appreciated.

" Provide a common space where developers can communicate

and mentor each other easily and frequently.
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* Provide an on-ramp for new developers. For example, catego-

rize bug fixes by difficulty level to encourage new developers

to take on bite-sized problems and build their confidence and

knowledge.

The lead developer argued that attending to these needs will give

rise to a thriving open-source community akin to that of OpenMRS

which has (around 200 at the time of this writing[4]).

Separatel, a student who attended the HST.9 3 6 course echoed the

need for more support for new developers[14]. The student sug-

gested that Sana needed to grow the core developer team so as to

field more questions from new developers and also to improve its

documentation. Developers, new and old, have other needs that are

not satisfied by either Sana or other organizations.

In one of the guest lectures held in the HST.9 3 6 course in Spring

2016, a lead developer for a non-profit organization that deployed a

mobile application built on top of Sana talked about he and others did

not know how to measure the impact of their work on the ground - he

was more hopeful than certain that his and others' work was helping

many. This developer works part-time for a non-governmental or-

ganization called Addis Clinic[ij] that provides telemedicine services

that connect US physicians to healthcare workers in rural areas of

Ethiopia. Another pain point the developer mentioned was that de-

ployment and installation of the application was difficult, and that

served as a barrier to adoption. To get around these issues, the NGO

is manually installing the applications on phones and then physically

distributing them to the healthcare workers - a solution that no doubt

will not scale well into the future.

3.1.5 Funding Organizations

Over the past six or so years, Sana has partnered with non-governmental

organizations such as the United Nations Population Fund (UNFPA)

to co-organize hackathons; with Partners in Health to run the above

mentioned mHealth pilot project in Haiti and with the International

Organization for Migration (IOM) to pilot a project in Syrian refugee

camps in Lebanon. These organizations, especially the larger ones,

generally provide funding for Sana to conduct these activities. The
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Sana members try their best to marshal any extra grant money they

receive to fund other activities such as hackathons with academic

partners and to pay for their lead developer.

One example of such an engagement is the partnership between

the UNFPA and Sana in the summer of 2015. Sana and the UNFPA

co-organized a hackathon in Kampala, Uganda aimed at promoting

sexual and reproductive health[7]. The hackathon brought together

young participants all over the world to hack mobile applications

that fit the event's theme. The teams that did best in the event were

awarded mentoring from Sana and funding from the UNFPA's Inno-

vation Fund to further develop their mobile applications.

Needs

Brief discussions with two individuals who work for the UNFPA[12][13]
were very illuminating. Both individuals emphasized how the UNFPA

lagged behind in the technology space and so their partnership with

Sana was very fruitful. They mentioned that:

1. Sana's experience in running hackathons and setting expecta-

tions on what could come of out of them

2. Sana's health informatics and engineering expertise was instru-

mental in the success of the hackathon - it complemented the

domain expertise of the UNFPA

3. After the hackathon, Sana worked closely with them to develop

a "virtual mentoring package" for the winning teams so that

their solutions are more holistic (e.g. the solutions are driven

by stakeholder analysis)

The UNFPA officials did mention that they would have preferred if

Sana's processes for running hackathons and project mentoring were

written down. One went so far as saying that the UNFPA would

recommend Sana to other big organizations if these last needs were

met.

A summary of the value exchange between Sana and their stake-

holders is shown in Figure 3:

The values in red are those that the stakeholders deemed as im-

portant and that Sana should do more to fulfill. As one can surmise
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3.2 STAKEHOLDER VS ENTERPRISE ELEMENTS

Value expected from enterprise Stakeholder Value contributed to enterprise

" Teach mHealth (health informatics, Researchers (both * Expertise in local health ecosystem:
mobile development) to students physicians and ailments, support systems

* Running bootcamp and hackathon technical) deploying * Student-hours to work on projects that lead
expertise mobile apps in the to improving platform (value varies from

" Bring clinicians and students feld uni to uni)
together (in hackathon) * Project ideas and mentorship for Sana's

" Help with project grant writing course students
* Sana Mobile platform development
" Project technical support/mentoring
" Platform documentation
* Health informatics course

" Meaningful project ideas for students Health data academic * Student-hours to work on projects that lead
" Teach mHealth (health informatics, researchers to improving platform

mobile development) to students & Mentorship (in some cases) based on
" Technical expertisementoring for profs expertise

student projects
" Platform secunty and privacy

compliance
" Health informatics course

" mHealth (health informatics, mobile NGOs, example * Funding for hackathons/bootcamps
development) expertise (UNFPA) & Hackathon publicity

" Mentoring/technical support of
hackathon teams after hackathon

" Documentation on rho
bootcamps hackaTions rni

" Recognition Open Source * Bug lixes and enhancements to Sana
" Interesting projects Developers (mostly Mobile core
" Documentation on how things work students) * Documentation enhancements

in platform e Answering forum questions on Sana
" Information on updates to platform platform

Figure 3: Stakeholder Value exchange

from these results, the Sana organization is doing well in the educa-

tion realm. However, the underlying infrastructure (the Sana Mobile

platform) and the information regarding how best to leverage the in-

frastructure are lacking. The next section and subsequent chapter

expand on these observations.

3.2 STAKEHOLDER VS ENTERPRISE ELEMENTS

With the stakeholder groups and their roles clarified, we can project

the stakeholders' needs on to the elements or lenses that make up

the enterprise as advanced by the ARIES framework[32]. The ARIES

framework stipulates that outside of the ecosystem and stakeholders,

an enterprise can be viewed through eight lenses:

"Strategy - The strategic vision along with the associated busi-

ness model and key strategic thrusts, goals, and performance

management system"
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" "Information - Information the enterprise requires to perform

its mission and operate effectively in accordance with its strat-

egy"

" "Infrastructure - Enterprise enabling systems and information

technology, communication technology, and physical facilities

that enable enterprise performance"

" Products and Services - Sum total of all the offerings, physical

or otherwise to the stakeholders

" Process - The activities, direct or supportive, that the enterprise

carries out to create value for its stakeholders

" "Organization - Culture, organizational structure, and underly-

ing social network of the enterprise"

" "Knowledge - Competencies, expertise, explicit and tacit knowl-

edge, and intellectual property resident in and generated by the

enterprise"

To understand how Sana is satisfying its stakeholders' needs, the

importance of the enterprise elements for each stakeholder group was

ranked from 1 to 6 with 1 indicating highest value and 6 indicating

the lowest. Note: The reasoning behind the groupings of elements

(Infrastructure with Organization and Products with Services) as

well as the scoring is explained in Chapter 4:

Strategy oration Infrastructure Process Knowledge
Organization Services

Developers 5 3 1 6 4 1 2
Students 6 4 5 1 3 2

Physicians -on the ground 6 5 2 3 4 1
Physicians - researchers 5 2 -1 3 6 4
Technical researchers 6 4 2 3 5 1
Funding Organizations 5 4 6 2 3 1

Figure 4: Stakeholder vs Enterprise elements

Not surprisingly, the Figure 4 shows that Sana's Knowledge el-

ement is the most important. What is noteworthy however is the

relative importance of the Infrastructure element and the seeming in-

consequence of Sana's Strategy element. Chapter 4 elucidates each of

the elements and delves into the reasons behind the above results to
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shed light on the misalignment of some of these key elements of the

Sana enterprise with their stakeholder needs.
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4
ANALYSIS OF SANA'S AS-IS ENTERPRISE

ARCHITECTURE

4.1 VIEW ANALYSIS

The next step after analyzing Sana's stakeholders and their needs is to

analyze the enterprise elements with the goal of identifying misalign-

ments between Sana's stated goals, stakeholders' values and Sana's

execution to meet both. Based on the findings in Section 3.2, this chap-

ter delves into the different enterprise elements using the Strength-

Weakness-Opportunity-Threat (SWOT) analysis and then uses the x-

Matrix technique to identify gaps in Sana's value proposition.

4.1.1 Knowledge View

As the stakeholder analysis in the previous chapter showed, Sana's

Knowledge element is its crown jewel. Between the core members,

Sana has expertise in a host of domains including:

" Health informatics

" Software development for low resource settings

" Software deployment in low resource settings

" Training of community health workers

" Design thinking and design for usability

" Hackathon/bootcamp logistics

" Critical care (medicine)
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This element serves as the foundation of all the products and ser-

vices that Sana provides (refer to section 2.1.1 for more details). Some

of this knowledge is currently disseminated through Sana's flagship

MIT course; through the mentoring of student groups working on

projects and through consulting for NGOs working to deploy mHealth

projects. One key weakness of this element is its tenuous relationship

with the Information enterprise element: a lot of this knowledge has

not been recorded leading to the challenges covered in subsection

4.1.2. Moreover, a worrisome threat to this element is the possibility

of any of the core members leaving. If one member leaves, a lot of

the knowledge will not be replaceable and Sana's operation will most

likely halt.

4.1.2 Strategy View

As a volunteer organization with no reliable source of funding and

with limited human resources, Sana's short term strategy is to engage

in as many activities as possible to gain funding: all of the funding the

group receives is tied to one project or another. Sana uses any surplus

funding from these activities to pay for Sana's lead developer who

works on the Sana Mobile platform and provides technical consulting

to NGOs using this platform for their pilot mHealth projects. One of

the main manifestations of this strategy is the hackathon-MIT course-

project consulting synergy.

First, Sana consults with different organizations to help them build

mHealth applications that tackle the organization's needs, for exam-

ple the Haiti project (refer to section 2.1.1). Separately, Sana selects

an academic partner (selection process is covered in subsection 4.1.2)

to run a hackathon for college students in the partner's locale. The

hackathon increases interest in mHealth amongst students and local

clinicians and academics. Interested parties (students and academics)

join Sana's flagship health informatics course after the hackathon and

either join an ongoing mHealth project such as the Haiti project or

continue working on their hackathon projects to move them forward.

In either case, the students generally leverage the Sana Mobile plat-

form and in some cases make improvements to the platform. Word

of mouth spreads about the hackathon and the course encouraging
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more researchers to reach out to Sana asking them to consult for their

projects and/or to run hackathons in their locales. Sana's long term

strategy is to build a network of these researchers and students who

engage in the various Sana activities. A strong network, the reasoning

goes, will be better able to make a positive impact on local healthcare

systems.

At first glance, these strategies seem complementary and they make

sense: what better way to maximize the utility of Sana's finite re-

sources than to engage in synergistic activities that grow Sana's net-

work. The weakness of the Strategy element is primarily related to

the rates of which different actors can produce meaningful work.

The more hackathons Sana runs, the greater the number of mHealth

projects that are born, the greater the time pressure on the Sana core

team to mentor. This gives the Sana team less time to:

" Work on developing the platform and growing the open-source

community

" Help any particular mHealth project succeed and scale

Though the hackathons attract students to join the flagship course

and to work on the mHealth projects, these students take a long time

to ramp up (generally they do not have a mobile programming back-

ground) and make meaningful contributions to the projects, let alone

make contributions to the Sana Mobile platform. Thus, the princi-

pal researcher or mentor of each project must in some cases wait an

academic calendar year to the next iteration of the course for more

progress to be made if he/she does not have funding to hire students

outright.

Hackathon Partner Selection

Because of the large demand for Sana to run hackathons worldwide,

Sana has to filter these requests based on alignment of core values

with the potential co-host academic partner as well as the availabil-

ity of a pool of individuals from multiple disciplines (clinical work,

engineering, business) in the potential locale. On the supply side,

Sana needs to filter these requests based on the availability of the

core members since the directors have work commitments outside of

Sana (refer to section 2.1).
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4.1 VIEW ANALYSIS

4.1.3 Infrastructure and Information Views

This thesis defines Sana's infrastructure as the group's information

technology assets. These assets include:

" A landing page that gives a high overview of the group's work

" Online recordings of lectures in past flagship course instances

" An online and public code repository for their Sana Mobile plat-

form

* A documentation website aimed at developers and users of the

platform

The above assets collectively constitute Sana's knowledge manage-

ment system that external stakeholders use to access information to

do their work. This knowledge management system however is frag-

mented and woefully out of date leading to several challenges.

Challenges in the Infrastructure/Information Views

From Sana's point of view, the outdated landing page makes it harder

to attract new funders and collaborators as they have insufficient

information on the scope and impact of Sana's projects. The lack

of project documentation is a missed opportunity to educate others

on what works and what does not in running both hackathons and

mHealth pilot projects. Consequently, other researchers who face sim-

ilar challenges may inadvertently 're-invent the wheel'.

This issue of limited documentation extends to that of the Sana

Mobile platform. There does exist some documentation for these soft-

ware modules, but they are few and far between. A related challenge

has to do with documenting useful code modifications. Today, devel-

opers using the Sana Mobile platform copy the original open source

code and make private modifications to their individual copies to

serve their particular needs. The changes made to the platform copies

rarely make it back into the original source code due to resource con-

straints. For instance, the developer for the NGO Addis Clinic (refer

to subsection 3.1.4) made modifications to his copy of the Sana Mobile

platform source code yet did not find the time to upload his changes
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back to the online repository; changes that could potentially bene-

fit other Sana open-source developers. Because the developer only

works part-time for Addis Clinic, he is understandably more focused

on his duties for the organization.

To make up for the shortfall in documentation, Sana Mobile users

heavily rely on the Sana lead developer for help. This is problematic

because of the time pressures already piled on this developer. The

lead developer told me that between attending hackathons and con-

sulting for different NGOs deploying Sana Mobile code in the field,

he has very little time to improve either the source code or the docu-

mentation, let alone field questions from the developer community.

4.1.4 Process View

As indicated in the previous views, the time and money pressures

placed on the Sana Core team force them to prioritize some of their

activities that have short-term gains such as increasing interest in

mHealth in LMICs and funding versus long-view activities (e.g. de-

veloping and documenting the Sana Mobile platform to make it more

usable; growing the open-source community, etc.) that do not bring in

funding but that serve as valuable investments in Sana's assets. With-

out these investments, the appeal of the Sana Mobile platform will

decrease over time because it cannot keep up with policy changes

and technological advancements, that is, it will not serve the end

user's telemedicine needs.

4.2 X-MATRIX ANALYSIS

After the information on all the individual elements was collected,

it was used to fill the X-matrix template as shown below to identify

misalignments between Sana's key processes, its stakeholder values,

its strategic objectives and the metrics that it uses:

Yellow cells in the above figure indicate a weak relationship be-

tween the intersecting row and column; blue cells indicate a strong

relationship and empty cells indicate no relationship. The next sub-

sections dig into each of the quadrants to shed light on the glaring

gaps.
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Figure 5: Current-state X-matrix for Sana

4.2.1 Strategic Objectives and Stakeholder Values

Sana wants to expand its project engagements worldwide so as to

grow its network of partners who exchange lessons with each other

and to push the agenda of quality healthcare improvement through

open-source technology. Inferring from discussions with stakehold-

ers, both the number of projects and the size of the network have

little bearing on the day-to-day work of individual researchers. The

network resembles a hub and spoke model with Sana as the hub

and the partner researchers in the different countries as spokes be-

cause lessons learned Sana gains from working with an individual

researcher on his/her project cannot be readily conveyed to others.

This is due to the lack of a common forum for the researchers to get

together and share these lessons outside of attending the HST.9 3 6

course.

Moreover, the stakeholder value of "Impact of projects through scal-

ing" does not readily align with any of Sana's strategic objectives. As

section 2.2.1 indicated, scaling a project to make a positive, lasting

change on healthcare systems, is very difficult to do without exper-

tise similar to that of Sana's members.

0
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4.2 X-MATRIX ANALYSIS

4.2.2 Strategic Objectives and Metrics

Sana has very few metrics that it keeps on its operations: most of

the metrics it keeps are those imposed by organizations funding their

hackathons. These metrics include number of hackathon attendees

and the number of startups that come out of these events. As can

be seen from Figure 5, the metrics related to hackathons do not align

well with Sana's strategic objectives.

Another point worth raising is the lack of a strong metric for the

strategic objective of "inculcating the culture of quality healthcare

improvement in LMICs". Given that this objective is crucial to Sana's

mission, it is imperative that Sana seeks ways outside of academic out-

put to measure the impact of its work on health outcomes in LMICs.

4.2.3 Key Processes and Metrics

There are two major gaps in this quadrant that ought to be high-

lighted. Firstly, the selection of a hackathon partner as described in

subsection 4.1.2 is not aligned strongly with any metric. Secondly, the

metric regarding the number of hackathon attendees and resulting
startups is not related to any of Sana's key processes: both quantities

are, in any case, out of Sana's control.

4.2.4 Key Processes and Stakeholder Values

This quadrant shows that Sana does well to satisfy most of its stake-

holder needs through the delivery of the flagship course, through

student mentoring and through consulting for projects. What the X-

matrix does not show however is how well Sana is performing with

regards to value delivery. For instance, "platform development" is

crucial to satisfying two of the key stakeholder needs yet Sana has

not had the resources to deliver as mentioned earlier in this chapter.
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5
FUTURE HOLISTIC VISION

Using the information gathered on Sana's ecosystem and stakehold-

ers, and using the analysis conducted on the current state of Sana's

enterprise, this thesis proceeds to envision the future of Sana in the

next 2-5 years to better realize its mission (refer to 2.1.2). This chapter

starts off with the mechanics of building a healthy ecosystem, a desir-

able end-state of Sana's transformation. The chapter then showcases

vignettes of the big picture of Sana from different stakeholder van-

tage points. It then goes over a few of the desired enterprise element

states using narratives; these narratives serve to make more concrete

Sana's mission by showing operationally how the overall vision is

implemented.

The chapter ends with discussions on what the evaluation criteria

are for any concepts generated for future architectures of Sana.

5.1 ON ECOSYSTEM BUILDING

Given Sana's limited resources (human capital and funding) and the

limited resources of its partners, Sana's mission is better served if

the organization focuses more on bolstering its partner ecosystem.

James Moore[31] stipulated a few principles that a leading organi-

zation must follow to build a healthy ecosystem of which some are

included below and expanded upon for Sana's use case:

" Choose customers and customer segments that support learn-

ing

" Start in Naturally Bounded Markets

" Offer Precursor Products that can expand and evolve

" Establish an Organizational Architecture that creates Allies
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5.1 ON ECOSYSTEM BUILDING

" Do All You can to create Symbiosis between yourself and those

who shape Societal Values and Government Policy

" Look into the Future, and Anticipate its Requirements

This thesis argues that Sana has two categories of primary 'cus-

tomers': non-governmental organizations/ individual researchers de-

ploying mHealth projects in LMICs and college students whom Sana

wants to encourage to pursue careers in mHealth. A prime exam-

ple of such a customer is the physician working with Partners in

Health on the surgical site infection monitoring project in Haiti (refer

to section 2.1.1). The lessons learned from this successful project, if

properly documented and shared, can be harnessed to inform other

stakeholders in Sana's ecosystem on what worked and what did not

on everything from how to train community health workers to use

mobile applications, to how to design for usability to how to collect

feedback and improve offerings.

A natural 'market' for Sana to nurture a local ecosystem lies in

the Latin American and Caribbean (LAC) region, specifically Mexico,

Colombia and Haiti. These markets are good candidates for markets

for several reasons:

" Sana already has academic partners on the ground in these

countries.

" There is a great need for mHealth to provide access to health-

care in LAC: this region has some of the most severe problems

of inequality in the world.[26]

" There already exists a lot of interest in telemedicine throughout

the region as shown by the numerous conferences (e.g. Carta-

gena Telemedicine Conference[39]) and interest in improving

health information systems[21].

Regarding the offering of a 'precursor' product, Sana already has

the open-source Sana Mobile platform that stakeholders use to build

mHealth applications. Though Sana has a plan for how to evolve

the platform to meet future needs, such as enhancing modularity to

enable better customization, it needs to re-allocate resources to accel-

erate the development of the platform. Failing to do so will lead to
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stakeholders abandoning the platform and even abandoning mHealth

altogether due to the lack of alternatives.

As mentioned in the previous chapter (see section 4.2.1), Sana's

ecosystem of partners is structured in a hub-spoke fashion. Sana

needs to restructure this architecture to facilitate greater knowledge

sharing among the stakeholders as well as to pool resources so that

the whole is greater than the sum of the individual parts. Sana

also needs to encourage vertical integration within regions with other

players in the healthcare industry, mainly policymakers and clinicians.

Currently, most mHealth projects fail because they are not designed

from the ground up for scaling and integration into the established

health systems (see section 2.2.1). Conversely, if these other stake-

holders, whom Sana's research partners depend on for local medi-

cal knowledge and policy support, are invited to collaborate from

the start then the chances of deployed mHealth projects scaling are

raised.

5.2 STAKEHOLDER VIGNETTES

5.2.1 Sana Director of Operations

We have built a large network of academic partners (around 100

worldwide) and we have bolstered their evidence-based medical re-

search capabilities. Each of our partner researchers works closely

with a multidisciplinary network of experts in his/her region so much

so that the cross-pollination has resulted in the publication of over

iooo research papers on mHealth in the last 5 years.

5.2.2 Sana Lead Developer

Sana has successfully built a robust platform that integrates both

research-oriented data and clinical data thanks solely to the efforts

of a vibrant open source community around the platform. Through

various deployments of the platform, Sana has built a database of

global health data that academics can use to study the efficacy of in-

terventions and (for the first time) to conduct cross-country studies.
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The private sector has also benefitted from this data to create new

commercial products that address needs of underserved populations.

5.2.3 Partner Academic Researcher

Thanks to Sanas help, my colleagues and I have been able to run an

mHealth pilot project for 2 years and we were able to scale the project

to 3 locations. Because our project was designed from the ground up

with local policymakers and clinicians, we have the data needed and

the backing of the municipal government to start integrating our pilot

into the local health system.

5-3 ELEMENT NARRATIVES

5.3.1 Strategy

Over the past 5 years, Sana has moved away from the model as sole

service and knowledge provider to its network and instead pursued

a strategy of strengthening ties between stakeholders in regional net-

works so that they may support each other. This strategy is manifest

in the activities Sana has been conducting as of late with clear priori-

tization for processes add value to the entire ecosystem as opposed to

those that add value to individual partners. Moreover, Sana's strategy

focused on a) selecting stakeholders with complementary interests to

join the ecosystem, b) on measuring the performance of the ecosystem

as a whole in terms of the number of scaled up mHealth projects and

number of co-publications between stakeholders and c) on growing

the open-source community and the number of contributions made

to the Sana Mobile codebase.

To achieve the above, Sana has decided to outsource some of the

time-consuming services such as hackathon management to its part-

ners such as MIT's Hacking Medicine while maintaining its flagship

course and mentoring of student groups.
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5.3.2 Information/Infrastructure

Sana has been laser focused on ensuring that all the knowledge gen-

erated in its interactions with the stakeholders and within the stake-

holders is recorded. Sana uses this information as feedback to im-

prove its offerings; to learn how to better support the ecosystem and

to market the ecosystem's impact on healthcare outcomes to attract

more funders and stakeholders. Separately, Sana has made large

gains in improving the documentation and the tools around its Sana

Mobile Platform to make it easier for developers of all skill-levels to

contribute in meaningful ways and to learn from each other.

5.4 EVALUATION CRITERIA AND SOFT FACTORS/CULTURE TO MAIN-

TAIN

With the future vision clarified to some extent, the next step is to

set criteria to evaluate concept architectures that aim to realize this

vision. The ideal architecture will embody the following -illities:

" Capacity building: Does it improve the research capabilities of

stakeholders or enable their work?

" Sustainability: Is it financially, operationally sustainable?

" Replicability: Can the ecosystem model used in one region be

modified and copied to suit the needs of other regions in the

world?

" Robustness: Is it robust to economic downturns?

" Evolvability: Does it encourage experimentation and can it pivot

directions quickly in response to the results of experiments?

The ideal proposed architecture not only meets the above criteria,

but it also maintains the soft factors (culture) that both Sana and its

partners value. Sana's culture has always been one that is hands-

on: the core team members marshal resources so that they can work

directly with their partners on the field on everything from deploying

pilot projects in the host countries to engaging directly with students

either face-to-face (for local students) or through social media and

teleconferencing (for remote students).
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Transparency of operations is another key soft factor for Sana: it

has always been open about the partnerships it sought, including

funding relationships. Last but not least, Sana is committed to the

open-source ethos when it comes to both its research and its Sana

Mobile platform.
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6
PROPOSED ARCHITECTURES AND THEIR

EVALUATIONS

With the future holistic vision and the requirements for enterprise

capabilities in mind, this thesis proffers and analyzes three enterprise

architectures for Sana to consider to better achieve its mission. The

architectures were designed for the same purpose: to support a Sana

academic partner in Colombia to deploy an mHealth project serving

underserved communities with the goal of integrating the mHealth

initiative into the local health system.

This concept of "supporting the academic partner" consists of sev-

eral concept fragments[20]:

" Connecting: No academic is an island. He/she needs the sup-

port of other academics; funding organizations; clinicians; pol-

icy makers and technologists.

" Funding: Money is required to design, develop and deploy a

project.

" Lobbying: An mHealth project would be dead in the water if

existing policies prohibit its deployment or expansion.

" Training: Given the multidisciplinary nature of healthcare, no

one researcher can have all the required knowledge (usability

design, grant writing, telecommunications, medical protocols,

etc.). Moreover, the hired help (students, community health

workers, etc.) also require training to help with the different

phases of the mHealth project.

" Tooling: Providing the researcher with training materials; soft-

ware tools such as the Sana Mobile platform and technical sup-

port on the platform.
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Each of the architectures below represents an integrated concept

that utilizes different instruments and support structures to achieve

the end-goal of supporting the academic researcher. The concept of

operations of interest lies in the flow of knowledge from research

into the field and back: the idea of 'knowledge transfer' is key to the

development of strong health systems and development in general.

6.1 PROPOSED ARCHITECTURE 1: CONSORTIUM OF UNIVERSI-

TIES AND MUNICIPALITIES

This architectural concept revolves around Sana organizing and build-

ing a research consortium of Colombian universities and municipali-

ties interested in pushing the mHealth agenda. The reason for includ-

ing municipalities in Colombia is because they have a lot of money to

provide for telemedicine services (refer to section 2.2.2). The utility

of such a consortium is multi-fold:

" Researchers in this consortium would have access to a pool of

local experts of different disciplines.

" The consortium can pool money from its member universities,

from municipalities and from applying as a block for grants

from international development agencies.

* Having municipalities in-house paves the way for the creation

of policies that remove barriers to mHealth project deployment

and scaling. The policies can also be used to incentivize local

hospitals to integrate mHealth initiatives into their health sys-

tems.

" The money raised by the consortium can be used to invest in

developing standardized tools (e.g. the Sana Mobile platform)

in-house or in out-sourcing to private groups to develop the

technical infrastructure.

" The universities already have a pool of students they can tap

into to work on these projects. With the principal researchers

on staff and a supporting cast of other researchers, the technical

risk arising from one researcher leaving is reduced.
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The consortium works with local health providers at the start of

each mHealth engagement and uses its resources and know-how to

design and deploy projects that can then be integrated into the providers'

health information systems. The consortium would also put in place

processes to ensure that all lessons learned from the project are pub-

lished and shared with other members who are not directly involved

with a particular deployment as well as the global research com-

munity. These lessons include best practices for integrating into lo-

cal health systems, deploying in low-resource areas and other socio-

technical challenges.

6.i.1 SWOT Analysis

Using the evaluation criteria in section 5.4, one can show that the

strengths of this architecture lie in its self-sufficiency and robustness

to economic downturns: the consortium can tap into multiple sources

of funding. The consortium is also robust to staffing changes as

projects would be owned by the consortium and would be supported

by strong information gathering processes to ensure continuity. On

a related note, the shared infrastructure for storing and managing in-

formation enables a tight cycle/coupling of field and research knowl-

edge thus building the overall research capacity. This allows for the

opportunity of this consortium to make quick gains and effect real

change in local health systems. Moreover, these lessons can be taken

to other parts of the world and create other consortiums to benefit

health systems there.

Regarding weaknesses and threats of this architecture, they lie in

the decision-making process due to the "too many cooks in the kitchen"

phenomena. Processes need to be put in place to ensure equitable dis-

tribution of funding and resources to different projects throughout

the region. Another weakness is evolvability: academic institutions

are historically slow to change long held processes and this would be

counter-productive to mHealth projects that could potentially lever-

age bleeding edge technology and policy.
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6.2 PROPOSED ARCHITECTURE 2 - GLOBAL FUND FOR MHEALTH

PROJECTS

This architectural concept is a hybrid of the Global Fund (to Fight

AIDS, Tuberculosis and Malaria) and of a mentorship program. The

Global Fund, a global partnership of both public and private enti-

ties, "is a financing institution, providing support to countries in the

response to the three diseases"[2]. This proposed entity would simi-

larly include universities from all over the world (starting with Sana's

established partners) as well as NGOs and foundations focused on

bolstering health systems globally.

The organization would be focused on two simultaneous functions.

Firstly, it would fund mHealth projects all over the world using money

raised from its members. These projects would be ones that were

short-listed from applications to the fund that meet pre-specified stan-

dards such as inclusivity of government officials, researchers and clin-

icians in the application, a clear plan (akin to a business plan) on how

the pilot would be scaled if successful. Secondly, the organization

would provide successful applicants technical mentors and tools to

deploy their projects, with the requirement that all lessons learned of

the project, whether it succeeds or fails, are collected and shared with

the global fund organization.

6.2.1 SWOT Analysis

Assuming the backing of big foundations and governments, financial

sustainability would be a given. Not only would this remove the

financial risk for researchers aiming to scale their mHealth projects

but it would also enable continuity of researchers over time. The

money can also be invested in developing the Sana Mobile platform

and others that are deemed appropriate. Another strength of this

architecture is that it taps into knowledge created worldwide thus

lessons learned in one part of the world can be transferred to other

corners of the world. The shared lessons can then inform the best

practices that successful applicants should follow to address technical

risks of implementing a project as well as social risks associated with

integrating into local health systems.
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The threat of this architecture has to do with the risks of donors

dictating how research ought to be conducted. This might stifle re-

searcher creativity and reduce the effectiveness of lessons learned

in the field. Thus the strategy of the organization should focus on

decision-making processes that balance the independence of the re-

searchers with the requirements of the fund. The strategy should also

emphasize processes that streamline knowledge transfer between the

organization and the deploying teams as well as between the teams.

6.3 PROPOSED ARCHITECTURE 3 - CONSULTING SERVICE

This architecture is service-centric: Sana would marshal its resources

to consult for municipalities that are interested in expanding the

reach of telemedicine within their districts in exchange for money.

The money raised would be invested in developing the open-source

Sana Mobile platform and in deploying mHealth pilot projects in the

client municipalities. Because Sana would be working directly with

government officials, it can help shape policy and remove barriers to

successful, scaled mHealth projects.

This architecture represents a big departure from Sana's as-is archi-

tecture: Sana would have to incorporate as a private company and

become independent of MIT. Ideally, Sana would lay the groundwork

for a pilot project and then hand over the reigns to a local researcher

to continue the work. Arrangements for data sharing and knowledge

transfer between the Sana consulting firm and researchers thus need

to be ironed at the outset of each project.

6.3.1 SWOT Analysis

By virtue of finding municipalities to work for, Sana would be fi-

nancially self-sufficient. Another strength lies in its ability to evolve:

with each engagement, Sana can adapt and change how it operates to

better serve its clients. Moreover, the experience gained from work-

ing with policy makers would help it advise even more government

officials worldwide on best practices in mHealth.

The weaknesses of this architecture are many. This architecture

does not contribute to local research capacity since the knowledge
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generation activities are confined to its walls. Moreover, this model

cannot be easily replicated as Sana would need to find more mem-

bers like the core Sana team who have several multidisciplinary back-

grounds.

6.4 COMPARING PROPOSED ARCHITECTURES

To compare the three proposed architectures, the important view el-

ements are elaborated and compared side-by-side. The thesis then

uses the Pugh matrix to score each architecture against the as-is ar-

chitecture to enable selection of the preferred one.

Capacity building 0 1 0 -1

Sustainability 0 1 1 1

Replicability 0 0 0 -1

Robustness 0 1 1 0

Evolvability 0 -1 -1 1

Number Better +1 0 3 2 2

Number Worse -1 0 1 1 2

Number Same 0 5 1 2 1

Figure 6: View Element Comparisons Across To-Be Architectures

As can be seen from Figure 6, the architectures have very different

strategies and cater to different stakeholders. All three architectures

are knowledge driven, yet the type of gathered knowledge is differ-

ent: the research consortium and consulting service company gather

field research knowledge relevant to a particular region or set of re-

gions whereas the global fund architecture collects knowledge from

all over the world. Moreover, the knowledge gained serves a different

purpose in each architecture.
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6.4.1 Pugh Matrix

The evaluation criteria from section 5.4 were used to score the differ-

ent proposed architectures to compare them to the as-is architecture

as shown below:

Capacity building 0 1 0

Sustainability 0 1 1 1
Replicability 0 0 0 1
Robustness 0 1 1 1
Evolvability 0 -1 -1 1

Numberbetter+1 0 3 2 2

Number Worse -1 0 1 1 2

Number Same 0 5 1 2 2

Figure 7: Pugh Matrix of the Architectures

With the highest score among the architectures, the "Research Con-

sortium" architecture is the preferred one, though the 'Global Fund'

is not far behind in second place. The following subsections delve

further into the comparisons.

Research Consortium vs. As-Is

With regards to the capacity building criterion, the "Research Consor-

tium" compares favorably to the as-is architecture because it fosters

greater collaboration between researchers in-country: Sana would no

longer be the gatekeeper of knowledge flow to and from researchers

on the field. The increased interactions between cross-country re-

searchers would also increase the likelihood of spill over research

and collaboration in related domains of inquiry such as telecommu-

nication design, healthcare management and so on. Moreover, Sana

can leverage its association with MIT, Harvard University and other

institutions in the "Global North" that it has worked with in the past

to open up knowledge flow channels to and from the consortium.

The "Research Consortium" architecture scores better than the as-is

architecture in sustainability and robustness to economic downturns

because the increased number of stakeholders would collectively have
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a larger pool of resources (both human and monetary capital). The

tradeoff however with the increased number of stakeholders is de-

creased evolvability (speed to respond to changes) because demo-

cratic decision-making on, for example resource re-allocation, would

take time and require processes to be put in place to get agreements

across the stakeholders.

Global Fund for mHealth Projects vs. As-Is

This architecture scores better than the as-is architecture when it

comes to sustainability and robustness to economic downturns. The

reason is that the former architecture has wider funding options whereas

the latter is soley dependent on grants for individual projects.

As compared to the as-is architecture, the "Global Fund" architec-

ture is process-driven since it requires a lot more bureaucracy due

its engagement with many governments and foundations worldwide.

This makes its score lower in its evolvability criterion: the larger

donors must approave any change to its processes and strategy. More-

over, the real danger of donor countries treating "funding recipients

as knowledge recipients rather than active and important knowledge

generators"[381 may hamper efforts to change processes to better re-

flect the LMIC researchers' needs.

Consulting Service Firm vs. As-Is

This architecture fairs worse than the as-is architecture in two key

criteria: capacity building and replicability. The "Consulting Service

Firm" architecture would not contribute to Colombian research capac-

ity because the Sana core members would engage mostly with policy

makers and clinicians during the research and development phases of

the pilot projects. This sequestration of knowledge also means that it

is hard to replicate the activities of the firm since fewer people would

benefit from their lessons learned.

As a for-profit entity, Sana would choose to work with clients who

either have the money or who can apply to grants to fund its activi-

ties. Thus the "Consulting Service Firm" architecture exhibits greater

sustainability than the as-is architecture because it has a wider and

richer clientele. It however scores the same on robustness to economic
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downturns since the clients may decide to put off projects during re-

cessions and budget cuts.

6.5 FUTURE-PROOFING THE TO-BE ARCHITECTURE

In the ARIES framework, "future proofing"[32] (putting architectures

under extreme situations and under other possible scenarios) is an

evaluation technique to compare and contrast architectures. This the-

sis however uses this stress-testing technique to identify instruments

and processes that are needed to ensure the delivery of value when

undesirable situations arise.

6.5.1 Extreme Scenario: Member universities do not have sufficient fund-

ing

When the consortium has enough money in its shared pool, it should

invest part of that money into hiring staff dedicated to fund-raising

and grant writing. This staff would reduce the burden on individual

researchers to find their own source of project funding.

In the scenario when the pool of money has dried up, one solution

that this thesis proffers is to invite a large organization with deep

pockets, local or foreign, that supports the consortium's efforts to bol-

ster local research capacity. One example of such an organization is

the Institute of Healthcare Improvement (IHI) which is conveniently

based in Cambridge, Massachusetts. IHI is a non-profit that "is a

leading innovator, convener, partner, and driver of results in health

and health care improvement worldwide"[3] and it has a host of large

foundations such as the Bill & Melinda Gates Foundation supporting

it.

6.5.2 Anticipated Scenario: Colombia adopts stringent patient data pri-

vacy & security laws

In this likely future scenario, it is imperative that the consortium puts

into place processes to develop the Sana Mobile platform or other

selected platform in preparation for such law changes. As mentioned

in Chapter 3, the Sana Mobile platform does not currently meet the
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data security and privacy laws in the United States and Europe, laws

that countries like Colombia are likely to adopt in some form in the

future. Without a working, unified platform, mHealth projects will

fall prey to the issues reported in section 2.2.1.

To mitigate the risk of obsolescence, Sana needs to start dedicat-

ing its resources to develop and grow the open-source community

around the Sana Mobile platform. Growing the open-source commu-

nity requires growing the user base, that is, the number of individu-

als and non-governmental organizations that use the platform. These

users would champion the platform and work to develop it further.

Alternatively, the consortium can outsource to a dedicated team of

developers. In either case, Sana and the consortium ought to adver-

tise current successful deployments of the Sana Mobile platform to

attract funding and support for its development.

6.6 DETAILING TO-BE ARCHITECTURE

Based on the analysis above, the preferred architecture is a hybrid of

the "Research Consortium" and the "Global Fund" architectures. The

following subsections detail some of the key enterprise elements of

this hybrid architecture:

6.6.1 Organization Element

The hybrid enterprise will consist of Sana, Colombia research uni-

versities, Colombian municipalities and one or two large foundations

focused on bolstering health systems globally. The organization will

also recruit worldwide experts from other research universities to sit

on an advisory board. The consortium will pool resources to hire

staff dedicated to fund-raising and they will also have programs to

allow students to cross-register and work on projects throughout the

consortium.

6.6.2 Process Element

To achieve the consortium's goal of pushing the mHealth agenda for-

ward, the consortium should encourage researchers under its um-
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brella to apply for funding and other forms of support for proposed

mHealth pilot projects. Each applying researcher must have a team

consisting of at least one graduate student and one public hospital

official: having a public health official involved from the start is vital

to ensure buy-in for later integration of the mobile health initiative

into the local healthcare system.

Each application first goes through a review board in the consor-

tium to approve the use of monetary and human resources for the

proposed project. Once approved, the project goes through a plan-

ning phase, a design phase, a deployment phase and if all goes well,

a health system integration phase. Throughout these phases, the re-

searcher's team needs to work hand in hand with clinicians, infor-

mation technology administrators and heads of municipalities. The

output of the research work should include:

" Published work on the design methodology of the mHealth pi-

lot and the behavioral theory it is based on.

" Publications on the results of running efficacy and efficiency

trials.

" Recommendations to local policy makers to remove barriers to

adoption of mobile health.

" Updates to best practices from lessons learned during the dif-

ferent phases:

1. Planning phase: stakeholder incentives and workflows

2. Design phase: usability testing, health information system

auditing, etc.

3. Deployment phase: challenges to integration and user train-

ing.

4. Scaling phase: Unexpected hiccups (policy, insurance cov-

erage, etc.)

" A planned set of documented processes and to collect and ana-

lyze generated longitudinal data on health outcomes.

" Suggestions to improve the technology stack (Sana Mobile plat-

form and others).
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Ideally, processes are put in place to ensure that the harvested

knowledge is used to improve the application process and to market

the consortium's work. The marketing will both help the sustainabil-

ity of the consortium by attracting potential partners and will help

grow the consortium's membership as word of its success spreads.

An
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CONCLUSIONS

7.1 SUMMARY OF FINDINGS

The Sana core team has done much in the past 6 years to highlight

the message that mobile health can help address health inequities in

low-resource parts of the world by lowering transportation and mon-

etary costs of healthcare access through telemedicine services. The

annual spring semester MIT course that Sana runs combined with

the numerous hackathons over the past few years have educated and

inspired hundreds of students by exposing them to the nuances of

health informatics and the socio-technical challenges involved in de-

livering high quality healthcare. Many pilot mobile health projects

have been launched as a result, with only a handful of them scaling

to serve many patients in need. This thesis argues in the next sec-

tion that the time has come for Sana to switch gears; Sana should

focus less on spreading the word on mHealth and more on building

research capacity in LMICs.

7.1.1 Current Challenges

Discussions with different stakeholders, both inside the core team

and outside, have indicated that a lot of effort is spent on organizing

and running hackathons for college students at LMICs with little to

show for it. Very few projects started in any particular hackathon

are worked on a month after the event is over. Of the projects that

do continue, they face large financial risks due to inavailability of

ready funding as well as technical risks since the students working

on a project eventually graduate and pursue other endeavors. More-

over, the hackathons distract the lead Sana developer from enhancing



7.1 SUMMARY OF FINDINGS

the Sana Mobile platform. Since he is the main contributor to the plat-

form, this poses quite a challenge for the development of the platform

and its adoption by end-users.

One of the key findings from analyzing the Sana organization through

the ARIES framework is the misalignment between Sana's strategic

objectives and the values of Sana's stakeholders. Sana's strategy of

growing its academic partner network through project engagements

and hackathon events worldwide does little to serve the individual

researcher in that network. The researcher cannot today tap into

this network for support in designing, deploying or scaling his/her

mHealth pilot project since others live and work in other parts of

the world and are thus unfamiliar with the researcher's local ecosys-

tem challenges. Such support is needed to design and deploy pilot

mHealth projects that can be integrated into established health sys-

tems that can then address health inequities. Unfortunately today,

very few mHealth projects have enjoyed such success for several rea-

sons including lack of standardized tools, lack of stakeholder engage-

ment with for example hospital administrators, lack of design for

scale, etc.

Another finding from stakeholder discussions was the issue of Sana

Mobile platform adoption. One of the barriers to adoption of the Sana

Mobile platform is the fact that it is not compliant to strict patient data

privacy and security laws as in the West. This lack of compliance de-

motivates developers in the West from building on and adding to the

open-source platform. Moreover, in the near future, even the LMICs

where Sana is targeting its efforts are expected to adopt similar pa-

tient data privacy and security regulations thus the risk is high for

the platform to become obsolete in the near future. Other issues de-

terring contributors to the platform is the lack of documentation: the

Sana lead developer is effectively the go-to person for all questions,

putting a further strain on the developer's time.

7.1.2 Opportunities

Many countries, including LMICs, have recognized the value of mHealth

and have put into place laws and regulations to support the provision

of telemedicine services. Countries such as Colombia in addition are
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working on providing better connectivity to its citizens, including the

poor. This means that Sana and other organizations can leverage the

favorable political and telecommunication climate, not to mention its

existing relationships with researchers on the ground there, to further

the mHealth agenda in such countries.

The consulting work that Sana does for non-governmental organi-

zations, such as the post-surgical infection monitoring project in Haiti

(refer to section 2.1.1) has shown encouraging results and has im-

proved healthcare delivery to some of the underserved in that coun-

try. The success has attracted attention from Rwanda and there are

plans to roll a similar program there. This thesis argues that what is

needed now is to somehow replicate such work and resultant exper-

tise at a large scale to effect positive change on healthcare systems to

help them better serve the poor and rural populations.

7.2 RECOMMENDATIONS FOR SANA'S NEXT STEPS

Based on the analysis of Sana's enterprise elements and Sana's stake-

holders, this thesis recommends that Sana fine tune its mantra of

'collaboration, co-creation and capacity building' which focuses on

worldwide connectivity to instead be 'local collaboration, local co-

creation and local capacity building'. In other words, Sana needs to

foster greater connectivity between stakeholders within geopolitical

regions so that knowledge generated from field research work can

be quickly diffused through the network to local policy makers, local

clinicians and local hospital administrators. The researchers conduct-

ing the field work would in turn receive valuable feedback from these

stakeholders on what works and what does not given the current state

of policy and health information systems. Such interorganizational

work as Kerkhoff and Szlezdk[38] argue, brings about development

to the country because "individual capacities in one organization can

be counteracted by weaknesses in another, and good relationships be-

tween key groups can generate synergies such that the capacity of the

whole is greater than the sum of its parts".

The emphasis is thus to create an enterprise architecture with knowl-

edge creation, management and diffusion to key stakeholders as its

core value proposition. This is in contrast with Sana's as-is archi-
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tecture which is product/service centric (hackathons, courses, etc.).

Though these Sana's offerings are heavily based on knowledge, they

emphasize knowledge diffusion, not creation and management.

For the purposes of scoping this thesis, the country of Colombia

was chosen as a testbed ecosystem. The architectural concept that

was selected among others for this ecosystem was that of a research

consortium of Colombian universities, municipalities and 1 or 2 large

non-profit foundations. The focus of this research consortium would

be to pool resources and marshal them to serve the ultimate purpose

of integrating piloted and tested mHealth projects into the public

health system, the health system that is supposed to serve the poor

and underserved.

To build the above consortium, this thesis recommends that Sana

do the following:

1. Reduce the number of hackathons gradually to zero and have

the lead Sana developer focus on growing and managing the

open-source community.

2. Focus on collecting and sharing Sana's work (e.g. success in

Haiti) through as many channels as possible

3. Work with its academic partner in Colombia to identify a mu-

nicipal mayor (a first customer if you will) who is interested in

improving their healthcare system

4. Find university collaborators in Colombia who would be inter-

ested in working on and/or funding a preliminary mHealth

pilot project

5. Found the small research consortium, if possible with MIT as a

member

6. Design and deploy the pilot project

7. Advertise the results of the project and use it to recruit more

mayors and more universities

7.2.1 Towards a Network of Consortiums

Once the Colombian consortium is well established, Sana can then

set its sights on other parts of the world such as Sub-Saharan Africa
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to replicate such a consortium in a manner that best fits the local con-

text. Given that Sana already has academic partners worldwide, from

Mbarara University of Science and Technology (Kampala, Uganda)

to Taipei Medical University (Taipei, Taiwan), it has a lot of options

for regions in the world to replicate this consortium model. While

building its next consortium, Sana should consider what overarching

organizational architectures would best lower the barriers of collab-

oration, the pooling of resources and the cross-pollination of ideas

between the different research consortiums.

7.3 LESSONS LEARNED ON APPLYING ARIES TO A STARTUP EN-

TERPRISE

The ARIES framework has been invaluable in systematically analyz-

ing Sana from multiple vantage points. One of the great takeaways

from this framework is the importance of examining not only how

individual enterprise elements contribute to the functioning of the

organization, but also the importance of looking at pairs or clusters

of elements and how their interplay plays a role the organization's

success. For instance, this framework shed light on how Sana's strat-

egy to focus on its educational offerings came at the expense of the

information and infrastructure elements, elements which Sana's non-

student stakeholders valued greatly. The strategy element itself was

driven by the organization's small size and means: Sana could only

finance its operations by taking on more and more funded projects.

Separately, the emphasis on truly understanding the ecosystem was

well placed: this thesis benefited greatly from visiting and re-visiting

different factors in the ecosystem such as politics, regulations and

technology. This thesis also benefitted from the myriad tools that

were used in the framework such as X-matrix and the Pugh matrix

to analyze enterprises; the author was exposed to some of these tools

beforehand, but only in the context of analyzing product systems, not

socio-technical systems such as enterprises.

With regards to tailoring the ARIES framework for analyzing star-

tups, this thesis proffers a few minor suggestions:

* Ecosystem factors ought to be expanded to include: Physical

infrastructure, transportation, communication systems and ed-
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ucation/jobs of major stakeholders. Though these factors were

taken from Porter et al.'s paper[30] to analyze health systems,

they could be insightful for other domains.

" Stakeholder analysis ought to take into account indirect value

delivery. For startups with little resources, they sometimes need

to provide value to one set of stakeholders who in turn can

work with another set of stakeholders to provide value back to

the startup.

" Ecosystem choice is assumed as given in the framework - this

may not be true for startups and companies looking to new

markets. Though this is touched on later on in the framework

in future-proofing, it may make sense to emphasize it for small

organizations.

7.4 LIMITATIONS OF RESEARCH AND RECOMMENDATIONS FOR

FUTURE WORK

The research has its fair share of limitations. The following subsec-

tions go over some of these limitations.

7.4.1 Insufficient Stakeholder Input

Access to stakeholders was a challenge as many of them are abroad

and in different time zones. Moreover, some of the stakeholders were

not responsive to emails. Thus, some of the stakeholder types iden-

tified in Chapter 3 did not have enough data points on what they

valued.

Another limitation related to stakeholders has to do with their se-

lection: the stakeholders that were contacted were from a list handed

over by one of the Sana directors. Thus the information gathered may

suffer from selection bias. Future research should leverage structured

interviews with a larger set of stakeholders. These stakeholders can

be identified for example through researching co-publications, Sana

grant applications and other Sana materials.
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7.4.2 Limited Analytical Tools Applied to Proposed Architectures

This thesis leveraged the Pugh matrix to analyze the proposed archi-

tectures. Other analytical tools such as system dynamics modeling

or even weighted Pugh matrices may have ranked other architectural

concepts higher than the selected to-be architecture. Moreover, given

the importance of the knowledge element (for building up research

capacity in LMICs) in the future enterprise, a conceptual model of

knowledge flows and generation might be warranted to generate

more ideas for architectures and to evaluate the proposed architec-

tures along knowledge-related dimensions.

7.4.3 Design of the Consortium's Knowledge Management System

The proposed "Research Consortium" architecture requires at its heart

a knowledge system, defined as "knowledge system is defined as a

network of actors connected by social relationsships, either formal

or informal, who dynamically combine knowing, doing and learn-

ing to bring about specific actions for sustainable development"[38].

This system is used throughout the consortium: from donors, to field

researchers, to students to the consortium's review board for appli-

cations to local policy makers. Future work should design an archi-

tecture for a knowledge system that can meet all these stakeholders'

needs while maintaining safeguards for patient health information

data privacy and security as required by the governing laws.

7.4.4 Detailing Implementation and Expansion Plans

This thesis only touched the surface of the "Research Consortium"

architecture's implementation plan. Future researchers should work

closely with Sana to flesh out this plan and produce a project charter

that partners on the ground can sign onto. Moreover, more research

is needed to future-proof the architecture, to identify means to repli-

cate the architecture in other parts of the world and to design ways

to encourage collaboration between geographically separated consor-

tiums.

67



LIST OF FIGURES

Figure 1 Overview of the Sana Mobile platform[43] 14
Figure 2 mHealth architecture: Stovepipe versus Open.

The narrow waist of the open hourglass will

include at least health-specific syntactic and

semantic data standards; patient identity stan-

dards; core data processing functions such as

feature extraction and analytics; and data stores

that allow for selective, patient-controlled shar-

ing. Standards should be common with broader

health IT standards whenever possible.[25] 21

Figure 3 Stakeholder Value exchange 33
Figure 4 Stakeholder vs Enterprise elements 34
Figure 5 Current-state X-matrix for Sana 41
Figure 6 View Element Comparisons Across To-Be Ar-

chitectures 54
Figure 7 Pugh Matrix of the Architectures 55

68



BIBLIOGRAPHY

[1[] Addis Clinic. https://addisclinic. org/.

[2] Global Fund Overview. http://www.theglobalfund.org/en/

overview/.

[3] Institute for Healthcare Improvement: IHI Home Page. http:

//www. ihi .org/Pages/default . aspx.

[4] OpenMRS GitHub page https://github.com/openmrs/

openmrs-core.

[5] OpenMRS Main webpage http: //www. openmrs .org/.

[6] Sana Wiki Main Page http: //sana.mit .edu/wiki/index.php?

title=MainPage.

[7] UNFPA Uganda I At #HackforYouth hackathon, youth code their

way to better sexual and reproductive health.

[8] Minister hails Colombia ICT strategy a success as election nears,

June 2014.

[9] Technical Researcher - Stakeholder Discussion, February 2016.

[1o] Trikala Physician Researcher - Stakeholder Online Discussion,

March 2016.

[1i] UCSF Physician Researcher - Stakeholder Phone Discussion,

March 2016.

[12] UNFPA-Sana Collaboration - Stakeholder Phone Discussion,

February 2016.

[13] UNFPA-Sana Collaboration - Stakeholder Phone Discussion 2,

March 2016.

[14] University of Waterloo student - Stakeholder Online Discussion,

March 2016.

69



Bibliography

[15] E. Agu, P. Pedersen, D. Strong, B. Tulu, Q. He, L. Wang, and Y Li.

The smartphone as a medical device: Assessing enablers, bene-

fits and challenges. In 2013 ioth Annual IEEE Communications

Society Conference on Sensor, Mesh and Ad Hoc Communications and

Networks (SECON), pages 76-80, June 2013.

[16] Clara B. Aranda-Jan, Neo Mohutsiwa-Dibe, and Svetla

Loukanova. Systematic review on what works, what does not

work and why of implementation of mobile health (mHealth)

projects in Africa. BMC Public Health, 14:188, 2014.

[17] Joachim Behar, Alice Newton, George Dafoulas, Leo Anthony

Celi, Radhika Chigurupati, Shreesh Naik, and Kenneth Paik.

Sana: democratizing access to quality healthcare using an open

mhealth architecture. International Journal of Integrated Care, 12(4),
June 2012.

[18] Praveen N. Birur, Sumsum P. Sunny, Sidhant Jena, Uma

Kandasarma, Shubhasini Raghavan, Bhanushree Ramaswamy,

Sunitha Perumal Shanmugam, Sanjana Patrick, Rohan Kuri-

akose, Janhavi Mallaiah, Amritha Suresh, Radhika Chigurupati,

Rani Desai, and Moni Abraham Kuriakose. Mobile health ap-

plication for remote oral cancer surveillance. The Journal of the

American Dental Association, 146(12):886-894, December 2015-

[19] Ruair Brugha and Zsuzsa Varvasovszky. Stakeholder analysis:

a review. Health Policy and Planning, 15(3):239-246, September

2000.

[20] Edward Crawley, Bruce Cameron, and Daniel Selva. System Ar-

chitecture: Strategy and Product Development for Complex Systems.

Prentice Hall Press, Upper Saddle River, NJ, USA, 1st edition,

2015.

[211 Walter H. Curioso, Patricia J. Garca, Greta M. Castillo, Magaly M.

Blas, Amaya Perez-Brumer, and Mirko Zimic. Reforzando las

capacidades en investigacin en informtica para la salud global

en la regin andina a travs de la colaboracin internacional. Re-

vista Peruana de Medicina Experimental y Salud Pblica, 27(3):449-

457, September 2010.

70



Bibliography

[22] Walter H. Curioso and Patricia N. Mechael. Enhancing M-Health

With South-To-South Collaborations. Health Affairs, 29(2):264-

267, February 2010.

[23] Jacqueline W. DePasse, Ryan Carroll, Andrea Ippolito, Allison

Yost, Data Santorino, Zen Chu, and Kristian R. Olson. Less

Noise, More Hacking: How to Deploy Principles from Mit's

Hacking Medicine to Accelerate Health Care. International Jour-

nal of Technology Assessment in Health Care, 30(3):260-4, July 2014.

[24] The PLOS Medicine Editors. A Reality Checkpoint for Mo-

bile Health: Three Challenges to Overcome. PLOS Med,

10(2):e10o1395, February 2013.

[25] Deborah Estrin and Ida Sim. Open mHealth Architecture: An

Engine for Health Care Innovation. Science, 330(6005):759-760,

November 2010.

[26] Nasim Farach, Gladys Faba, Soroya Julian, Felipe Meja, Bltica

Cabieses, Marcelo D'Agostino, and Andrea A Cortinois. Stories

From the Field: The Use of Information and Communication

Technologies to Address the Health Needs of Underserved Pop-

ulations in Latin America and the Caribbean. ]MIR Public Health

and Surveillance, 1(i):ei, March 2015.

[27] Mauricio Flores, Gustavo Glusman, Kristin Brogaard, Nathan D

Price, and Leroy Hood. P4 medicine: how systems medicine will

transform the healthcare sector and society. Personalized medicine,
lo(6):565-576, 2013.

[28] Economic Commission for Latin America and the Caribbean. e-

Health in Latin America and the Caribbean: progress and chal-

lenges, December 2014.

[29] Reinhold Haux. Health information systems past, present, fu-

ture. International Journal of Medical Informatics, 75(34):268-281,

March 2006.

[30] Jim Yong Kim, Paul Farmer, and Michael E Porter. Redefin-

ing global health-care delivery. The Lancet, 382(9897):lo6o-1o69,

September 2013.

71



Bibliography

[31] James F Moore. The Death of Competition: Leadership and Strategy

in the Age of Business Ecosystems. HarperCollins Publishers, 1996.

[32] Deborah J. Nightingale and Donna H. Rhodes. Architecting the

Future Enterprise. MIT Press, 2015.

[33] David Peiris, Devarsetty Praveen, Claire Johnson, and Kishor

Mogulluru. Use of mHealth Systems and Tools for Non-

Communicable Diseases in Low- and Middle-Income Countries:

a Systematic Review. Journal of Cardiovascular Translational Re-

search, 7(8):677-691, September 2014.

[34] Michael E. Porter. What Is Value in Health Care? New England

Journal of Medicine, 363(26):2477-2481, December 2010.

[35] Carlos Rey-Moreno, Javier Sim Reigadas, Estrella Everss Villalba,

Juan Jose Vinagre, and Andrs Martnez Fernndez. A system-

atic review of telemedicine projects in Colombia. Journal Of

Telemedicine And Telecare, 16(3):114-119, 2010.

[36] Sana. Advancing Innovations in Global Health Informatics,

November 2014.

[37] Mark Tomlinson, Mary Jane Rotheram-Borus, Leslie Swartz, and

Alexander C. Tsai. Scaling Up mHealth: Where Is the Evidence?

PLOS Med, 10(2):e1001382, February 2013.

[38] Lorrae van Kerkhoff and Nicole Szlezk. Linking local knowl-

edge with global action: examining the Global Fund to Fight

AIDS, Tuberculosis and Malaria through a knowledge system

lens. Bulletin Of The World Health Organization, 84(8):629-635, Au-

gust 2006.

[39] Jorge Alberto Vlez B, Andrs Adolfo Navarro Navarro Newball,

and Giselle Ricur. Telemedicine in the Latin American and

Caribbean regions: the Cartagena telemedicine conference. Jour-

nal Of Telemedicine And Telecare, 13(4):21o-211, 2007.

[40] Ronald S. Weinstein, Ana Maria Lopez, Bellal A. Joseph, Kris-

tine A. Erps, Michael Holcomb, Gail P. Barker, and Elizabeth A.

Krupinski. Telemedicine, Telehealth, and Mobile Health Appli-

cations That Work: Opportunities and Barriers. The American

Journal of Medicine, 127(3):183-187, March 2014.

72



Bibliography

[41] WHO. Global Observatory for eHealth http://www.who.int/

goe/survey/2009/figures/en/index2.html.

[42] R. M. Wilson, P. Michel, S. Olsen, R. W. Gibberd, C. Vincent,

R. El-Assady, 0. Rasslan, S. Qsous, W. M. Macharia, A. Sahel,

S. Whittaker, M. Abdo-Ali, M. Letaief, N. A. Ahmed, A. Abdel-

latif, and I. Larizgoitia. Patient safety in developing countries:

retrospective estimation of scale and nature of harm to patients

in hospital. BMJ, 344:e832, March 2012.

[43] Eric Winkler. Sana Platform and Case Study Lecture - February

26, 2016, February 2016.

73


