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The potential for communication services available on any mobile phone to engage users,

disseminate information, and facilitate behavior change has been well documented. Designing

using universal applications based on SMS and voice services enables platforms that reach

and empower marginalized segments of the global population. The majority of mobile

messaging services for development are either one-way push messaging or use fully automated

bi-directional hierarchy based bots. In this thesis, I present the design, deployment and

evolution of mWACH – a semi-automated bi-directional SMS platform for global health

interventions. This novel system mediates personalized conversations between patients and

trained medical professionals through a personalized schedule of automated messages. In

collaboration with UW Global Health and Kenyatta National Hospital in Nairobi mWACH

has been used in five different projects at seven Kenyan clinics. Since 2013 over 120 thousand

automated SMS messages have been sent and we have received over 35 thousand messages

from participants with study staff sending an additional 25 thousand messages. This thesis

contributes an in depth quantitative analysis of system use and engagement over time and

across projects. Results from the system analysis and messaging content will help inform the

design of future systems looking to engage patients on health messaging platforms.
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Chapter 1

INTRODUCTION

A central paradox in the field of Information Communication Technology for Development

(ICTD) is that often the users with the greatest needs also have the least access to technology.

In the 2016 report Digital Dividends [77] the World Bank shows how access to the infor-

mation economy increases productivity and efficiency in business, health, and governance.

However, that same report indicates that while 60% of the world’s population technically

has Internet only 15% has reliable access to high speed connections. Those same people and

communities living at the margins of the digital economy also face the greatest burdens of

disease. For example the Global Burden of Disease report shows that Sub-Saharan Africa

is disproportionately effected by communicable, maternal, nutritional, and newborn health

issues [107]. This paradox of technology access versus need is replicated in areas of education,

business, and utilities throughout the world. The central question for ICTD researchers and

practitioners is how does a technology based solution provide any results – or even act as a

catalyst for improved health, education, or economic livelihoods.

Flashy new advances in technology that dangle tantalizing benefits in font of researches

and practitioners are impractical to implement, scale, and maintain. Such Charismatic

Technologies, as Morgan Ames calles the One Laptop Per Child and other over-hyped

projects [9], generate an abundance of media attention but often fail to live up to their

lofty promised goals. To a former Peace Corps Volunteer such as myself, these failures are

predictable. First, when it comes to global development there are no universal panaceas only

incremental local improvements based on individual effort [178]. Second, for an intervention

to be truly universal it must reach users on their own devices with little overhead and

operator within existing systems. Research on mobile phone use at the bottom of the pyramid
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indicates that only 1 in 4 Kenyans use Internet on their phone [39, 101]. For this reason

projects in the area of mobiles for development (M4D) will focus on universally available

services such as voice, SMS, and USSD [102]. However, designing services to be deployed over

basic communication channels presents both technical and usability challenges that must be

carefully considered.

This thesis focuses on using these basic communication channels built into every single

mobile phone for reaching end users on their personal devices. I term these universal apps

to contrast them with Android or iOS apps that require a specific mobile operating system,

a data connection, and usually an account in an application store. A universal app in this

context works on every phone from a sub $10 (USD) basic phone up to the newest $1,000

(USD) from Google. This is important for programs want to reach as many people as possible,

providing digital accessibility and equity across socioeconomic backgrounds.

For this reason SMS and IVR services have been a popular tool for reaching end users

in global health and the mobile for development (M4D) world [85, 189, 45]. Many of these

M4D services designed to reach people at the bottom of the pyramid provide only one-way

’push’ messaging. These types of services do not engage with users on their own terms and

therefor may not be as effective as intended [100]. Instead, M4D projects should ’ask, not tell’

when trying to engage with end users [112]. In this vein we have developed a semi-automated

bidirectional SMS platform designed to be used in Kenyan maternal health clinics. The

Mobile Solutions for Woman Adolescent and Child Health (mWACH) platform has been

used for five different bi-directional SMS studies. mWACh connects participants directly to

health professionals via SMS through personalized weekly automated messages and providing

clinicians with an SMS action dashboard for responding to incoming questions and concerns.

1.1 Contributions

In this thesis I present my work developing universal apps for connecting end users to domain

experts. The bulk of this work has been in designing, deploying, and evaluating mWACH

which is a semi-automated bi-directional SMS platform. This has been a collaborative
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project with the University of Washington Global Health Department and Kenyatta National

Hospital in Nairobi, Kenya. Currently I have helped deploy mWACH in five different projects

sending over 120 thousadnd SMS messages to more than 2000 participants in peri-urban and

semi-rural Kenya. These projects have lead to multiple publications in both the HCI4D and

global health literature [150, 152, 193, 170, 83, 59].

The work described in this thesis contributes to the M4D literature by exploring how

semi-automated two-way messaging platforms enable novel behavior change interventions.

The focus of this work is on the context of engaging pregnant women with health systems;

however, the broader design considerations and specific tools built are applicable to other

M4D domains such as agriculture, education, and civic engagement.

The three primary research questions and contributions of this work are:

R1 What factors contribute to the design of semi-automated bidirectional SMS platforms.

To answer this we design, build, and deploy multiple semi-automated bidirectional SMS

platforms in Kenya and synthesize findings into a framework for understanding requirements

and design of such systems

R2 How do Kenyan mothers engage with a bi-directional SMS system over a long period of

time?

To answer this we perform quantitative analysis of meta-data surrounding messages to

determine engagement and provide feedback for future projects design and needs.

R3 What are the limitations of SMS as a medium for a messaging platform? How can this

system be extended to other mediums such as USSD or WhatsApp?

To answer this we explore how the SABM paradigm fits into the Universal App design space

with an emphasis on USSD.
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1.2 Overview of Thesis

First I present an overview of existing universal applications in the M4D literature in

Chapter 2. This background provides context for the mWACH platform I developed and

deployed. Chapter 3 presents an overview of mWACH starting with the design process and

evolution from an undergraduate capstone project to a system used in multi-year multi-clinic

studies in Kenya. This overview briefly summarizes all five mWACH projects as well as

describing the properties of a semi-automated bi-directional messaging platform.

Each of the following three chapters present unique details about one of the mWACH

projects. In Chapter 4 I present work published in CHI 2015 on the first deployment of

mWACH looking at basic messaging patterns and how the open-ended two-way platform

was used [150]. Chapter 6 describes how mWACH was modified for a postpartum familly

planing project that involved male partners as well as mothers. This work was presented at

COMPASS 2018 [152]. Chapter 6 is the last project specific chapter and presents a detailed

longitudinal analysis of messaging trends and engagement overtime.

In Chapter 7 I introduce work presented at DEV 2015 [151] that describes the potential of

USSD to be a third universal app (along with IVR and SMS). Finally in Chapter 8 I present

a final discussion on all work in the thesis and offer concluding remarks.
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Chapter 2

BACKGROUND

There is a large body of research that explores the feasibility of direct mobile messaging on

behavior change outcomes. These projects span the mobile design space and while smartphone

applications are one area of research [43], the vast majority focus on communication channels

that are universally available on every GSM phone such as IVR systems [98, 143], SMS

initiatives [113, 45, 53, 150], and even USSD based projects [123]. In this section I first focus

on the underlying theories of behavior change that have informed many of the projects in

mHealth. Next, we explore the range of technologies developed for mobile messaging projects

and examine the evolution of SMS-based platforms. Third, we review the extensive literature

from the medical and HCI communities on individual projects for mobile messaging to better

understand what has and has not proved effective. Finally, we look at how messaging projects

can remain sustainable and integrate with existing health systems.

2.0.1 Behavior Change Theory

Whether a mobile messaging project is targeting the health of end users [113, 98, 143] or

workflow of community health workkers (CHWs) [53, 215] the end goal is almost always

behavior change. Even in interventions aiming to strengthen health systems through reporting

and data flows [14, 181, 17], the adoption of new reporting practices and procedures represents

a behavior change. It is important to base the development and design of M4D projects on

theories of behavior change. There is a rich history of literature into what factors increase

the likelihood of an individual or group adopting new practices, technologies or behaviors.

The three theories that have heavily influenced the design and implementation of mobile

messaging projects are described in the following subsections. Each of these theories are
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highly intertwined and give different insights into the factors that help determine whether or

not an individual adopts a certain behavior.

The Theory of Planned Behavior

Based on the Theory of Reasoned Action (TRA) [6], the Theory of Planned Behavior (TPB) [6,

7] posits that an individual’s probability of performing an action is a result of a ‘behavior

intention’. This intention is the result of peer’s attitudes and beliefs (subjective norms), the

individual’s attitude towards the behavior, and an individual’s perceived behavioral control.

As an example of how the TPB works, suppose an NGO is working with a local clinic and

wants to increase the rate of immunization in an area through mobile messaging. Messages

should be crafted that not only try to convince families that immunization is good (attitudes)

but also demonstrate that the community supports this practice (subjective norms) and give

easy direct actions that will allow them to immunize their child (perceived control).

The TPB and a sub-theory derived from it known as the Technology Acceptance Model

(TAM) [46, 200], which posits that an individual’s attitude towards a new technology is

influenced by the technologies perceived ease of use and the usefulness, have informed many

mobile based projects. In analyzing a well known SMS intervention, Smillie et al. [180] argue

that by replacing ‘technology adoption’ with ‘engagement in care’ TAM just as easily applies

to health behavior. Kitagawa [103] explores the relative importance of social cues versus

personalization in SMS messaging and finds support for social signals reducing risk behavior.

Recent work in the HCI literature has shown that when an event is far in the future, people

give more weight to attitudes when considering the likelihood they will do a certain task but

closer to the event more weight is given to perceived control [185].

Health Belief Model

Another closely related theory of behavior change is the Health Belief Model (HBM) [16, 75].

This model was developed by the public health field to help describe attitudes, beliefs, and

knowledge that lead to behavior adoption. This theory is more complicated than the TPB
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and posits that six factors effect the likelihood of behavior change. These are: perceived

susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, and

self-efficacy. The HBM predicts that health messaging can be effective in two ways. First, by

carefully crafting a message and responding to concerns with real and valid information, a

health messaging campaign changes perceptions around risk, benefits, and barriers. Second,

timely messages act as simple cures to action and help remind patients what (and possible

when) they should be doing something. Visit reminders are a great example of effective and

timely cues to action [82].

FOGG Model

The previous behavior change theories emerged from the health and psychology literature. In

the field of HCI and persuasive computing the primary operating theory of behavior change

is the Fogg Behavior Model (FBM) [64]. This model was developed based on work exploring

how technology can be designed to reward and encourage specific user behavior [63]. The

FBM separates the likelihood of an action being performed into three components, which all

simultaneously exist for an action to be performed. First, there must be sufficient motivation;

second, an agent must have the ability to act; and third, there must be a trigger or stimulus to

prompt the action. The FBM can explain many programs built to help change behavior. For

example, someone who wants to stay focused may install a browser extension that displays

their todo list on a new tab. Now every time they open a new tab a triggering event occurs

to remind them to stay on task, however, if there is not sufficient motivation to stay on task

then the user can simply ignore their todo list. The field of persuasive technology lies at the

intersection of HCI and Ubiquitous Computing and explores how technology can be used to

intentionally drive behavior change. The asynchronous nature of SMS means it is well suited

to be the trigger in the FBM, particularly when it comes to health interventions [65].
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2.0.2 Universal Mobile Messaging Platforms

ICTD projects that must reach people over personal devices with limited digital exclusion

cannot assume the presence of a smartphone, a data connection and especially not extra

sensors such as a camera or GPS. This requires the design of Universal Apps that make use

of services uniformly available on every mobile handset. Limiting the design of messaging

platforms to the most basic services is fundamental for digital inclusion and equity. Even

when an ICTD initiative assumes the presence of a smartphone it is important to consider the

cost of mobile data and practices within pre-paid mobile markets [174, 71]. Universal mobile

applications are not the most cutting edge or novel and therefore do not receive the same

level of attention as their more flashy and widespread counterparts [9, 127]; however, they

represent some of the most successful large scale projects such as USSD codes for topping up

prepaid mobile phones or M-Pesa [92]. It could also be aurgued that simply using a mobile

phone to connect people is the universal app with the furthest reach people [94, 20].

Mobile For Development Design Space

Mobile applications limited to just text and voice, designed to work with carrier provided

services have generally focused on IVR and SMS. A third option for a universal app is

Unstructured Supplementary Service Data (USSD). USSD is a protocol defined inside the

Global System for Mobile Communications (GSM) standard.1 USSD is a session based

protocol, like IVR, that supports the exchange of text data, like SMS, thus filling a gap in the

M4D design space. The USSD interface is less familiar to most users but is quite common for

interacting with carriers services. This is done by sending a star code (such as *144#) to

check an airtime balance with Safaricom in Kenya Figure (a) and accessing interactive menu

systems.

There are four primary considerations for choosing between text and voice channels.

1USSD is not supported on CDMA networks, however GSM covers 90% of the world and is particularly
ubiquitous in those regions with the lowest smartphone penetration.
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The first, and primary reason, is that for most projects creating and collecting text based

content will have lower administrative cost. For example, four hundred preconfigured text

messages can be modified with the name of sender and recipient when sending an SMS [150],

prerecording these as voice messages means content is not as flexible or customizable. This

is a major reason to favor text over voice solutions. However, the second consideration is

the literacy proficiency of the end users — which may require that voice be used. A data

collection program used by trained CHWs can use SMS [11], while, a program targeting

pregnant women from a Mumbai slum should use voice [143]. Another reason to potentially

prefer voice over text is that non-Latin script support on low end phones is often poor [121].

Lastly, it is important to consider the bandwidth and cost requirements of each channel.

While SMS and USSD have extreme character restrictions (160 and 180 chars respectively)

they can easily scale to many thousands of messages an hour. Voice, on the other hand, scales

well with larger content but establishing multiple simultaneous voice lines raises costs. There

are however extra cost and overhead to find third party providers for SMS and USSD. The

cost of USSD setup and dedicated shortcodes can be prohibitive for smaller NGOs working

with less than 1000 people, while for a large project sending millions of text messages a week

the setup fee is trivial [89]. Such concerns are very dependent on each country, for example

voice is cheaper relative to SMS in India while it is the reverse in Kenya.

Evolution of SMS Based Systems

The technology supporting projects using SMS to communicate with end users has changed

rapidly and repeatedly in the past decade. A common trend in all this change has been to

make it easier and cheaper for small scale projects to test, develop and deploy SMS programs.

Initially to automate SMS you needed a business agreement with mobile operators — which

was layered in bureaucratic red tape and only feasible for large players such as banks and

retailers. One of the first widely used applications for automating SMS communication was

FrontlineSMS [12]. FrontlineSMS is a Java based application intended to be run on a desktop

or laptop at an NGO office. It sends and receives text messages through a USB connected
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mobile phone. This model is similar to open-source IVR systems intended for local deployment

and use [198]. FrontlineSMS allowed users to create keyword based SMS applications. These

work by identifying simple keywords or regular expressions at the beginning of incoming

messages and then performing an action such as entering information into a database and

replying with a confirmation. With this model users can easily create SMS based polls, data

collection tools, and opt-in based SMS mailing lists.

FrontlineSMS proved to be immensely successful due to the low-cost setup and adaptabil-

ity [13]. However, once a project grows to the point where a desktop sitting in the corner no

longer provides enough reliability, a different technology is required. One solution is to move

the processing power out of the NGO’s office and onto someone else’s servers through a cloud

based service. This is what the open source Django based application RapidSMS [130, 158]

was designed to do. RapaidSMS provides a programming interface to make they same sort of

keyword based applications as FrontlineSMS.

In a cloud environment it is no longer possible to attach a phone to the server as a

gateway. Instead HTTP transports for connecting with REST endpoints that send messages

text messages are needed. In recent years many third-party services such as Twilio [192] and

Nexmo [129] have been created to provide exactly this, enabling outgoing SMS throughout

the world for pennies. If you need cheap two-way text messaging then there are multiple

country specific providers such as Africa’s Talking [187] that provided dedicated value added

services for a monthly fee. Another more low cost method was created by Ushahidi called

SMSsync which turns any Android phone into an SMS HTTP gateway [194] which allows

RapidSMS to be used even in places where third-party providers do not exist [153].

The biggest issue for adoption of RapidSMS is that in order to deploy even a basic SMS poll

an experienced web developer is needed. To meet the large demand for messaging applications,

multiple companies have filled this gap by essentially providing RapidSMS as a packaged

service [124]. For example the team behind FrontlineSMS has created FrontlineCloud which

offers even more features than the original software in easily accessible web-based package [69].

Similarly, UNICEF has released an SMS application called RapidPro with a backend designed
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to scale to millions of text messages a day and a web-based front end that allows users to

graphically create complex SMS based interactions [166].

2.0.3 Engaging Users With SMS and IVR

As mobile phones have become integral parts of everyday life, researchers, public health

officials, and practitioners have all sought to reach individuals over personal devices. The key

idea is that by automating mobile messaging, the effects of an intervention can easily scale

to large segments of a population. The primary means of reaching health workers and end

users has been over SMS and IVR. In this section we explore the uses of mobile messaging to

engage with individuals and health systems using both one-way and two-way platforms.

One-Way SMS Communication

A large number of prior studies have focused on one-way communication in which a server

sends bulk SMS messages to a large number of recipients. Reminder systems fall under this

category, including solutions designed to increase medication adherence [117], reduce missed

clinic visits [106], or increase the timeliness of health worker home visits [53]. However, a

major disadvantage of these systems is that the recipients have no way to send messages

back to the system. For example, in one study health workers still received reminders to visit

patients that had moved away from the area [53].

Another class of one-way SMS systems allow users to submit data to a server. In most

cases, submitted messages must conform to a specific structure to enable automated parsing

by the system. This model has been used to report stock levels [14], communicate diagnostic

test results [11] or submit data [149]. However, several of these studies find that users

struggle to compose properly structured messages and frequently make mistakes [149, 153].

To overcome this limitation, other systems allow users to submit unstructured messages and

then employ complex server-side processing to try and make sense of the messages. For

example, Ushahidi [141] used server-side natural language processing to try and decipher

submitted messages, while Hellström et al. [87] used crowdsourcing to enable users to report
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election incidents by SMS. However, these systems do not provide feedback to users and

participants reported not using the system because they had no idea if the information they

submitted made any difference [87].

Two-Way SMS Communication

To overcome the lack of feedback provided by one-way systems, several projects have designed

two-way user-server SMS platforms in which users submit structured queries to a server and

receive automated responses. This model has been deployed to provide users with health

[130], education [45], and agricultural [199] information, web search [27], and product pricing

[134]. However, as with one-way systems that use structured messages, many of these projects

report high error rates in the messages submitted to the system. Moreover, training users to

compose formatted messages is challenging and hampers the scalability of these systems.

Perhaps the closest match to the semi-automated bi-directional SMS platform created in

this thesis work are ‘human-in-the-loop’ systems that require the input of both humans and

machines. Prahalad [157] and Joshi [97] have proposed such systems in the context of rural

banking and other global development efforts, though not in relation to user engagement or

SMS communication. There have also been systems designed for group communication and

information sharing such as Tangaza [137] for SMS and Swara [197] for IVR.

Health Outcomes and Behaviors

The large corpus of work around mobile messaging for health behavior change spans the

medical, HCI and ICT4D communities. In this section we explore how each of these fields

has contributed to our understanding of the methods and effectiveness of mobile messaging

projects. This work is not limited to a developing world setting and the ubiquity of SMS

has led multiple research teams to design using a simple text channel. The gold standard for

proving effectiveness in the medical community is randomized controlled trials (RCTs). Studies

comparing SMS or IVR interventions with standard of care are common. Health outcomes

targeted by RCTs outside of the developing world include smoking cessation [169, 196], diabetes
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care [66, 82], mental health treatment [70], weight loss [177] and asthma management [213, 212].

Even when just using one-way information based messaging many of these studies have found

significant and surprising results. For example Chow et al. [34] showed that sending four

text messages a week with motivational reminders and behavior change tips for six months

significantly lowered cholesterol, blood pressure, and reduced smoking among patients at risk

for coronary heart disease. With respect to maternal health, one of the largest interventions

has been Text4Baby [146], which started in 2010 and had enrolled over 1.1 million participants

by 2018 [21]. Women who were currently pregnant, or had given birth within the last year,

could sign-up to receive one-way health messaging via SMS. Text4Baby was not a controlled

study but a public health intervention and was deployed in both the United States and

Russia.

Using SMS as a health and behavior change intervention to increase antiretroviral adherence

has been another large focus of the global health community showing promising results. A

significant work in this area is the WelTel Kenya1 study [113]. The WelTel model focuses

on HIV positive individuals initiating antiretroviral therapy (ART) and consists of simple

two way messaging plus follow up phone calls. Since the WelTel study was so influential in

proving how successful a simple SMS intervention could be, it is worth explaining more about

it here. Once each week participants in the intervention arm received an SMS containing

simply the word Mambo (Hello). They were instructed to reply with either Sawa (Fine) or

Shida (Bad) based on if they had a problem or not. Participants who said they had a problem

or did not respond within 48 hours received a follow up call from study staff. Importantly,

the WelTel Kenya1 study measured not only self-reported adherence rates, but also HIV viral

load levels. Analysis showed a significant difference in rates of HIV suppression between the

control and intervention groups with 57% of the intervention group successfully suppressing

the virus while only 48% of the control group did.

As an early two-way messaging study, the WelTel project has many interesting implications

for the design of future interventions. While WelTel was an mHealth solution the technology

behind it was exceedingly simple. The paper claims that “health workers used multiple
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recipient (bulk) messaging functions to improve efficiency”. This indicates that the Mambo

messages were being manually sent each week with virtually no automation. The proportion

of participants responding with Shida was low — averaging just 2.5%. However, a large

number of participants were still called since 24% of outgoing messages received no response.

Participants reported that cost and other logistical factors such as battery charge or forgetting

were primary reasons for not responding rather than health issues.

The promising results of this early SMS based mHealth study have prompted several

follow up works. Not all of these studies have shown a significant result such as one aimed

at reducing sexual activity after circumcision [135] and even studies that copied the WelTel

model in different countries [116] — though an important conclusion from this trial is that

allowing for increased open-end engagement through a mobile phone has a positive effect

on outcomes [116]. Other implementations of SMS based messaging for global health have

shown promise. Zurovac et al. demonstrated that sending information based SMS messages

twice a day to health workers significantly improved malaria case management [215]. The

wired mothers project used low frequency text messaging to promote clinic delivery among

pregnant women [171]. An analysis of Nokia’s mDiabetes program in India — which reached

over one million subscribers — showed that fewer intervention participants had a decline in

health issues and there was an improvement in diet compared to a control sample that did

not opt-in to to intervention [154].
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Chapter 3

THE MWACH PROJECT SUITE

In this chapter I describe the design, deployment and evolution of mWACH (Mobile

Solutions for Woman, Adolescent and Child Health). mWACH is a collaboration at University

of Washington between the Global Center for Integrated Health of Women, Adolescents,

and Children (Global WACH) in the Department of Global Health and the ICTD Lab in

Paul G. Allen School of Computer Science & Engineering. The complex history of mWACH

spans this entire thesis work and a description of its origin and evolution requires its own

place. Currently four projects using the mWACH platform have been completed with one still

ongoing and several more being planned. All projects were implemented at Kenyan health

clinics through the UW Kenya collaboration. This chapter provides a concise summary of

the timeline and history for all mWACH projects and provides context for future chapters

which focus on the details of three individual projects.

The initial goal of mWACH was to explore a more patient focused care model in mHealth

and ICTD. Previous SMS based projects such as DeRenzi et al. [53] and [215] focused either

on community health works or had limited engagement with patients and end users. The

WelTel [113] model of simple bi-directional SMS with single word messaging threads had

proven effective. However, none of these projects provided truly open-ended bi-directional

channels between health providers and patients — which from a clinical perspective would

provide more personalized care.

It was with this goal in mind that work began on a semi-automated bi-directional

SMS platform in the Winter and Spring quarters of 2012. The semi-automated aspect

of the platform comes from a human-computer hybrid approach to messaging. A large

message bank of pre-written SMS templates is created to be sent at specific time relative to
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Start Stop Focus n Two-Way System (2-way) Nurse (2-way) Participant (2-way) Unkown Duration

mWACh V1 Aug 2013 Jan 2015 Maternal Health 299 100 7286 3904 484 464 1063 986 0 20 anc / 10 post
mWACh X Dec 2015 May 2019 PTMTC 824 276 79788 39279 6376 6361 10812 10122 18973 26 anc / 104 post
mWACh X July 2016 Sep 2017 Family Planning 260 130 7082 6852 3356 3577 3718 3356 6046 14 anc / 25 post
mWACh NEO Jan 2018 Feb 2019 Neonatal Health 799 – 26021 – 13535 – 19952 – 8010 10 anc / 12 post
PriYa Feb 2018 Jan 2019 PreP 231 – 5562 – 1063 – 1178 – 1378 31 Weeks

Totals 2115 1436 125739 81618 24814 25000 35660 35594 34407

Table 3.1: Overview of all five mWACH projects with start and stop dates, total number of
participants and message totals.

medically important dates and events. Participants receiving the bi-directional intervention

are encouraged to respond to these messages and study staff are able to reply to the questions

and concerns of incoming SMS messages.

The first participants were enrolled in version one of mWACH in August of 2013 at

Mathare North Health Centre. on the outskirts of Nairobi. As of May 2019 and across all

mWACH projects a total of 126,041 automated messages have been sent with 35,594 responses

from 2,115 individual participants and 24,814 messages from study staff. The details for each

study can be found in Table 3.1. The rest of this chapter details how mWACH went from a

single conversation between members of my thesis committee to the platform that is currently

in use.

3.1 Overview of mWACH Projects

3.1.1 Encouragement: mWACH V1

The genesis of mWACH is a story of cross-disciplinary collaboration enabled by the unique

environment at large research universities. In early 2012, Dr. Jennifer Unger gave a talk on

using SMS messaging to connect pregnant women to health professionals in Kenya. Brian

DeRenzi, a postdoc in Computer Science and Engineering, attended this talk and since

two-way SMS to community health care workers was part of his thesis work he realized

that creating a web-based two-way messaging platform would fit the core competencies

and research goals of the ICTD Lab. The idea was pitched as an undergraduate capstone

project and a student team began working on it in the winter quarter of 2012. This project



17

eventually became the Encouragement Platform, which by the end of Spring quarter was the

demonstration version of what would become the two-way mWACH messaging platform.

My first commit on the project was on January 2, 2013 which established a connection

to a Kenyan based SMS gateway. This was in preparation for the start of a RCT of the

platform to improve pregnancy outcomes at Mathare North Health Centre in Nairobi [193].

The study randomized 300 participants 1:1:1 into a control group who would receive only the

standard of care without SMS messages, a one-way group who received weekly SMS messages

but could not respond, and a two-way group who received similar messages to the one-way

group except that each message ended in a direct question to encourage engagement with the

study via SMS.

Besides adding hooks in the system for bi-directional SMS, several other large changes were

needed to turn the capstone project into a viable platform for the first mWACH study. The

first was to add the one-way and control group to the system since originally only the two-way

use case was considered. Second, the registration page needed updating to include relevant

medical information and the next clinic visit. Lastly, a message bank of pre-composed SMS

templates needed to be added. This message bank was created by Dr. Jennifer Unger based

on focus groups with pregnant women and providers in Mathare. There were 159 message

templates in this bank going from 20 weeks before delivery until 6 months postpartum.

The first participant was enrolled in August of 2013 and the last SMS message sent in

January of 2015. The system sent 3,904 messages to the two-way group and we received 986

messages from participants. The single study nurse sent 464 messages back in response. The

mWACH V1 row in Table 3.1 shows further messaging details.

A full analysis of the results of the mWACH V1 RCT is beyond the scope of this thesis

but have been published the International Journal of Obstetrics and Gynaecology [193].

This study found that exclusive breastfeeding through 24 weeks is significantly higher in the

two-way (62%) vs control (41%). The percent of participants exclusively breastfeeding in

the one-way group was significant at 10 and 16 weeks but not 24 weeks. The probability of

contraceptive use within 16 weeks of delivery is significantly different between the two-way

https://github.com/pittsw/Encouragement/commit/f2dd7eca453c523a626f9c0ff5ba83b1c0ad1f90
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(73%) vs control (57%) but this difference was not significant by 24 weeks. The work done

for mWACH V1 motivated the future projects.

3.1.2 mWACH X: ART Adherence and PTMTC

The goal of mWACH X was to adapt the V1 platform for a RCT aimed at assisting pregnant

women living with HIV. The key focus would be on key behaviors in the prevention of

transmission from mother to child (PTMTC) [59]. This involved a complete re-write of the

system using AngularJS and Django to better support the study workflow. The reasons for

these changes and the evolution of the platform are described in subsection 3.2. mWACH X

started in December 2015 with enrollment initially at three clinics – Mathare North in Nairobi

and Ahero and Bondo near Kisumu. To increase the pace of enrollment, in October 2016

enrollment began at three more clinics – Rachuonyo and Siaya near Kisumu and Riruta in

Nairobi (See Figure 6.1 for a map of Kenya all mWACH locations). Enrollment for mWACH

X ended in May of 2017 with 825 participants in the system – although it was later discovered

that one of these participants was a duplicate. A longitudinal analysis of mWACH X is the

focus of Chapter 6.

The last recorded delivery was in November of 2017 so the current expected end of

messaging is December 2019 with an expected period for collecting end of study surveys.

Currently a total of 80,090 SMS messages have been sent by the system with 39,993 to the

two-way group and two-way participants have sent back 10,122 messages. The shortcode for

running mWACH X was shared with mWACH Neo and has has received 27,930 messages from

phone numbers not registered with the study. A random sample of the messages from unkown

numbers indicates that the vast majority are spam such as ads or promotional material for

other SMS campaigns, however, it is likely that some of the messages are from participants

using unregistered phone numbers.

Messaging in mWACH X could start as early as 26 weeks before the EDD and went 104

weeks after delivery. For these 130 weeks of messaging there were 1,1149 unique templates in

the message bank, which were additionally translated into three languages (English, Swahili,
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Figure 3.1: Depiction of messaging tracks and content during pregnancy, postpartum, and
post one year after delivery.

and Luo) to support all participants. Half of these messages would be fore the one-way group

and the other half for the two-way group. Besides groups study group participants were

also put into messaging tracks based on their status and preferences. Participants who did

not share a phone could opt into receiving HIV related content. For participants on the

non-HIV messaging track a phrase like "take care of your health" would be used instead of

"take you medication". The process of designing the HIV messaging track is described in

detail elsewhere [170]. Other tracks included one for adolescents, participants having twins,

and those just starting ART. These tracks made very minor customization to better tailor

content to individuals. A complete timeline of topics and tracks for mWACH X messaging

can be found in Figure 3.1.

3.1.3 mWACH XY: Postpartum Family Planning

The goal of mWACH XY was to adapt the mWACH platform into a family planning focused

mHealth RCT. Outcomes from this study are beyond the scope of this thesis but have been

published elsewhere [83]. This study was conducted from July 2016 through September



20

2017 at Ahero and Bondo near Kisumu. There was a control and a two-way group with 260

women split 1:1 in each group. A major change in mWACH XY was that women were given

the option to also enroll their partner in the study. This three-way conversation over feature

phones is described in more detail in Chapter 5. Messaging for mWACH XY began 14 weeks

before delivery and ended 25 weeks postpartum. There were no special ANC tracks however

all messages had slight variations for enrolled couples vs just the mother. Additionally, if a

participant adopted one of six supported a family planning method they were switched into a

method specific track. There were a total of 144 templates in the message bank for mWACH

XY.

3.1.4 mWACH NEO: Maternal and Neonatal Health

mWACH NEO is a scaled up version of mWACH V1 focusing only on the weeks before and

after delivery. As scaled test of the intervention there was no control or one-way group with

799 mothers enrolled from two clinics, Mathare North in Nairobi and Rachuonyo near Kisumu.

The project began enrollment in January 2018 and ended in February 2019. There were 62

messages in the message bank going from 10 weeks before EDD until 12 weeks post delivery.

In mWACH NEO there was only one messaging track, however, the message bank had nearly

double the number of templates as weeks of messaging because variable messaging frequency

was used. During ANC one message was sent per week, for the two weeks after delivery one

message was sent every single day, for the next two weeks a message was sent every other

day, and then a message was sent every three days until 12 weeks after delivery. The goal of

this variable messaging frequency was to reach mothers during the most critical times of the

neonatal period.

For the time in study each mWACH NEO participant is receiving a much large number

of system messages. The system sent a total of 26,021 messages and the 799 participants

sent in a total of 19,952. This represents the highest ratio of participant messages to system

messages across all five projects. The study nurse in NEO sent 13,535 messages in response

to the incoming messages which is a much higher ration then in mWACH X and mWACH V1
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but lower than in PrIYA.

3.1.5 PrIYA: PreP Retention

The PrIYA project focused on young women at risk of HIV exposure who initiated HIV

Pre-exposure prophylaxis (PrEP) [155]. Women initiating PrEP at two hospitals in Western

Kenya were eligible to receive PrEP focused messages in an effort to increase their PrEP

adherence. Since the project followed many of the core philosophies of previous mWACH

projects – mainly having semi-automated bidirectional SMS messaging linking patients with

health experts – modifying the code-base for this project was easy.

Messaging for PrIYA was based off of the PrEP initiation data and continued for 31 weeks.

Since there was only one track there were only 34 messages in the message bank. A total

of 231 women were registered and messaging lasted from February 2018 through January

2019. All participants received two-way messaging with the ssystem sending 5,562 messages,

participants sending 1,178 and the study nurse sending 1,063. A detailed analysis of the

PrIYA messaging is outside the scope of this thesis, but it is interesting to note that PriYA

has the highest ratio of participant to nurse messages.

3.2 Evolution of mWACH Projects

This section details the changes made to the mWACH platform over the course of all five

studies. Besides improvements to make it easier for study staff to reply to messages and track

participants, the system evolved into a more general platform making it easier to adapt to

the needs of new studies. For now the target use case is still small interventions or studies

scaling to less than 2000 participants. Larger NGO or government based semi-automated

bi-directional messaging deployments will use platforms like RapidPro [166] or CommCare [26].

The niche within M4D that the mWACH system fills is a flexible research platform for testing

ideas at large enough scale to measure impact and effectiveness.

The original capstone project has everything in a single view illustrated in Figure 4.1).

The three main components are:



22

1. A searchable participant list on the left, ordered by first and last name, most recent

message, or upcoming visit dates.

2. A message pane in the center with a text area for sending messages above the conversa-

tion history for the selected participant.

3. A list of medical details and visit history to provide context to study staff reviewing

messages.

While this interface worked well in testing – where less than ten mock participants were used

– it did not scale well to having 100 two-way participants. One major issue with this design is

that the message status toggled from read to unread when viewing and all visual hints that a

message had not been responded to disappeared. It was not uncommon for the study nurse

to read a message but need to get additional information before responding. The cognitive

load of remembering to respond was shifted from the system to study staff and it was easy to

forget to follow up via SMS.

The central paradigm guiding the design of the system re-write for mWACH X was a

task dashboard as shown in Figure 3.2. This made it very easy to tell if there were currently

pending messages or translations. Reading a message would not toggle its pending status –

instead a message had to be explicitly replied to or ignored. This can be seen in Figure 3.3

where the first message is marked as pending and has a reply or dismiss button at the

bottom. In this way a reply would not accidentally be forgotten if responding required extra

information or a staff discussion. This has the added benefit of allowing the system to record

exactly which incoming message a nurse is replying too. However, there is not a perfect

one-to-one correspondence of replies since sometimes a nurse may reply to two incoming

messages at once, or alternatively use more than one message to reply to a single message.

The task dashboard also listed pending message translations and past clinic visits to

confirm. Both of these were added based on experiences from the mWACH V1 study. Message

translation was added for two reasons. First, it was often easier for study staff to read cleaned
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Figure 3.2: Screen shot of main task oriented dashboard in the updated mWACH platform.

Figure 3.3: Screen shot of a participants detail page in the updated mWACH platform with
the first incoming message unanswered.
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English versions of messages whose original versions contained texting abbreviations and

slang. Second, with the addition of the Western sites in mWACH X, Dholuo would be added

as an additional language option and not all staff were fluent in it. Translating messages as

the study went along also distributed this workload and allowed US based team members to

review messages.

Another lesson from mWACH V1 was that keeping track of clinic visits when running a

system that was tangential to daily clinic operations is difficult. Participants were supposed

to receive SMS visit reminders two days before an upcoming visit. In order to do this the

next visit date for all participants was tracked. Clinic dates were recorded in clinic registers

along with other details of the visit. Study staff would inspect these clinic registries looking

for records of visits from participants. Not surprisingly, this method of tracking visits was

not timely or accurate. In mWACH V1 the system would automatically send out a message

two days after a visit if it had not been marked as attended in the system. Many people

received missed visit reminders who had actually attended their visit but the system had

not updated accordingly. In mWACH X the pending visit dashboard was created to not only

show upcoming visits but to list visits that needed verification. Missed visit reminders were

only sent if the clinic register had been checked and no record of the visit found.

Several other important changes were made to the system during the mWACH X rewrite

based on lessons from V1. One major oversight in the original design was how to handle

infant deaths. Not wanting to send messages about caring for a child after the child died,

we turned messaging off for these participants. However, stopping messages in this situation

seemed callous as well. For this reason we developed a loss track which had four weeks of

bereavement messages and then continued messaging but focused on the mother’s health only.

When an infant death was reported participants could now opt in to continuing to receive

messages.

Another change to make the messaging system more accurate was the addition of a call

two weeks after the expected delivery date. The pregnancy focused messaging stopped at

this time and switching someone over to the postpartum messages as soon as possible was
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important. This phone call was designed to catch participants who did not report to the

system when they delivered and were still receiving pregnancy messages. If they were still

pregnant at this call a follow up call would be scheduled two weeks later.

In V1 we had observed participants using multiple phone numbers. This was for a variety

of reasons, either they lost their SIM card and got a new one, had multiple SIM cards to start

with, or were responding to system messages using a partner or family member’s phone. In

mWACH X, we made it so that a participant could have multiple phone numbers. Incoming

messages from any of these numbers would be associated with that participant. However,

outgoing messages would only be sent to one number. Lastly, in mWACH X, the system was

designed to support multiple clinic sites with different nursing staff responding to messages

at each clinic.

For the mWACH XY project, two major changes were added to the system. mWACH XY

started a year after mWACH X, and one thing we noticed in the data was that if participants

sent messages on Friday afternoon, they would not get a response until Monday morning

when study staff came into work. This can be seen in Figure 3.4 which shows the message

totals for participants and nurses throughout the week in 30 minute intervals. The red line for

participants has a spike at 8am, 1pm, and 8pm which is when system messages went out. This

even occurs on the weekend when the blue line for total nurse messages is flat. While this was

expected behavior and the mWACH platform was not designed to be an emergency system

with fast response times, the long delay seemed unnecessary. For mWACH XY, participants

could not select Friday or Saturday to receive messages. The other major change in mWACH

XY was to add partners into the conversation. This is explained in more detail in Chapter 5.

In NEO the only significant change was to add a variable number of messages per week.

The focus of NEO was on connecting mothers to the health system during the critical days

and weeks after delivery. To help facilitate this, a message was sent everyday for the two

weeks after delivery, every two days for the next two weeks, and then every three days until

the end of the study at twelve weeks past delivery. Having a variable number of messages per

week enabled the mWACH platform to connect with participants when most needed. Other
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Figure 3.4: Message totals throughout the week in 30 min increments for participant and
nurse messages in mWACHX.

critical time periods when this could be used is right after staring ART or if the system knows

when a mother is transition from ANC HIV care to the general clinic extra messages could

be added during high loss to follow up event.

Over the course of five studies the mWACH platform has evolved to meet the needs

of a diverse set of requirements. Making sure the system can run with minimal hardware

requirements (e.g. a basic install of RapidPro requires at least five servers) has been

important for adapting to the needs of each project. However, each change required an

in-depth knowledge of both the code-base and the deployment context – such knowledge is

hard to find in one person. We are currently working with software consultants to standardize

common modules from all five past projects and make future modifications more streamlined.

This process will hopefully make it easier for future global health projects to use mWACH as

a base for SMS studies.
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3.3 Properties of mWACH Projects

In this section I define the properties of semi-automated bi-directional messaging platforms

(SBMP) like mWACH. These properties are general and include more than just SMS systems.

IVR systems like TAMA [98], USSD systems, or full web-based EMRs are also included. The

three key properties that make such a system are:

• sending patients scheduled automated messages with health and behavior change

content;

• allowing patients to ask free form questions;

• providing feedback and answers from domain experts in real time.

Creating a system with all three things requires cross-disciplinary collaboration between

medical experts, technologist, and clinic administrators.

In the following four sub-sections I discuss how features of mWACH which enable all three

properties of a SBMP. The first two features – scheduled message templates and tracking

the state of the world – enable semi-automation. The second two features – the practitioner

dashboard and transport layer – enable bi-directional messaging.

3.3.1 Scheduled Message Templates

The first step to semi-automation in SBMP is the design of an SMS template message bank.

Designing the messaging schedule and content requires a deep understanding of the context

the messages are used in. For all of our projects countless hours went into crafting the most

appropriate messages. This is a careful balancing act between being too general versus too

specific. For example in MXY a family planning track was created for tubal ligation and only

one participant selected this family planning method and received these messages. While an

extreme example of specific targeting this shows the amount of preparation that went into

creating the message templates.
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The limiting factor for the size of the message bank is not the complexity of the software

system, rather, it is the time and expertise required to create the messages. The size of the

message bank is directly proportional to both the the duration of the study and the number

of different messaging tracks and groups. In mWACH X there were 1149 messages templates

(3447 if each language is counted separately) for 130 weeks. The extra messages come from

small changes for all the track variations.

For example, 10 weeks after delivery, the standard message someone who hasn’t opted in

to HIV messaging is:

{name}, this is {nurse} from {clinic}. Your health is very important to care for

your baby. Continue to take time each day for your health. Are you having any

challenges this week?

If they had opted into HIV messaging they would receive the following messages (changes

in italics):

{name}, this is {nurse} from {clinic}. Your health is very important to care for

your baby. Continue to take your medications each day, even when the baby stops

taking medications. They will keep you healthy and protect your baby. Are you

having any challenges with your medications?

Participants whose child had died received variations of these messages with references to

their baby removed and emphasis placed on their own health. Additionally, another version

of both messages was created for participants who had twins with baby changed to babies.

Only one participant had twins and she opted into HIV messaging so the non-HIV version of

all twins messages was never used (though in a larger sample size it might be). For messages

sent a year after delivery there was also a version for mothers who were pregnant again after

their initial pregnancy for the study. This track was added during the study when it was

realized we needed it. The biggest messaging difference in the second pregnancy track is that
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family planning related messages were changed. The above messages are the two-way version

but for all variants there was also a one-way version that did not have the last question. For

all projects messages were also translated into multiple languages by Kenyan study staff.

Figure 3.1 shows the full timeline of message topics and tracks for mWACH X.

As just this one message for 10 weeks after delivery illustrates, there is a large workload

for carefully crafting and translating all messages. There is a trade-off between targeting the

message templates to an individuals situation and maximizing how often each message is

used. Some of the extra tracks are clearly needed – like the infant loss track, which allows

mothers to continue receiving supportive messages in a time of need. However, the need for a

twins track, while grammatically correct, has diminishing returns. The important takeaway

from these two tracks, as well as the second pregnancy track, is that at large enough scale,

uncommon situations must be considered in the original designs.

The message bank also had multiple versions of visit reminders, to be sent before and

after scheduled clinic visits. During the course of the study, we also sent once off messages to

select groups of participants. These messages were sent for things like clinic specific strikes,

national holidays, and study announcements. This ability was added to the system after the

study started and could only be done manually from a command line. Future deployments of

mWACh should include once-off messaging in the admin web interface.

3.3.2 Tracking the state of the world

The second step to semi-automation in SBMP is knowing when to send which message to

whom. Each template in the message bank has a send base and send offset associated with

it. The base can be several different dates: study sign-up, due date, delivery date, loss date,

family planning start date, visit date. Each project will have different send bases depending

on what outcomes the messages are targeting.

Regardless of what send bases are used, updating the messaging system when events in

the real world change the participant’s status is key. Keeping the systems view of the world

synchronized with the state of the world is a central challenge for any SBMP. When what
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the system understands to be true is different from reality, the wrong message will go out

and the value of creating highly targeted messages is lost. For example, if the system does

not learn about a delivery until three months after the baby was born all messages for the

twelve critical weeks in the early postpartum period will be skipped.

All of our projects have been co-located with clinics, but operating in parallel to standard

of care. Study staff had offices onsite but separate from normal clinic workflow meaning all

status updates and clinical information needed to be transcribed manually into the system.

Not surprisingly this results in the mWACh system potentially holding an inaccurate version

of the current participant status. Thus, at critical times such as after a delivery or in the case

of an infant loss a participant continues to receive messages from based on their old status.

Our recommendation for minimizing these errors and maintaining better synchronization

between the system and the state of the world is for any SMBP to operate within the clinic

workflow. Tighter integration between standard of care and the system means that events

are captured as they occur, reducing the amount of work needed to maintain system state.

Integrating into existing workflows is important if SMBPs like mWACh are to scale beyond

small trials.

In many ways the mWACh system acts as a simple electronic medical record (EMR) for

each participant. None of the clinics we deployed mWACH at used an EMR at the time

the studies started. However, some of the bigger clinics are starting to track participants

using an EMR. Connecting mWACh to this data source would solve most of the system state

synchronization issues. Full EMR’s are notoriously hard to to integrate with health systems.

One model that has been successful, is for the project specific data collection platform to act

as a mini-EMR. Two such examples are MomConnect [176] and 99 Dots [41]. Information

from both of these projects is not only used to provide project level services but also shared

with the local health systems for improved monitoring and evaluation.
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3.3.3 Practitioner Dashboard

A central component of bi-directional messaging is the practitioner dashboard. As detailed in

Section 3.2 this view switched from a conversational paradigm to a task oriented dashboard.

The dashboard treats incoming messages as pending actions waiting for a response. All

messages are expected to be responded to, but can easily be dismissed without a response if

needed.

When responding to messages a participants detail page shows relevant context for the

conversation. The participant’s status and brief medical history is shown along with the

most recent messages to or from that participant. There is also a notes section allowing

staff to make comments on the participants record. Providing all this context is important

because the same study nurse does not always respond to messages. It is often important

to be reminded of previous messages and know when someone is due or delivered before

responding. Exploring features such as making the notes system more visible and usable or

adding frequently asked questions would make it even easier for practitioners to respond to

messages.

3.3.4 Bi-Directional Communication

The second part of bi-directional messaging is having a transport layer to send and receive

messages. For SMS the transport layer is usually a web based REST API connecting to either

a third party service provider or a local Android phone running an app that polls a web hook

waiting for SMS messages to send [194]. Using an Android app is a quick way to setup and

works even where no mobile operator provides a gateway [153]; however, using a third party

operator can scale when needed and does not require constant maintenance.

In the mWACH platform we have used the Nairobi based third-party provider Africa’s

Talking to access a five digit shortcode on Safaricom. By setting this shortcode to be reverse

billed we made messaging free for all participants. The flow of messages from system to

participant and back to the clinic is illustrated in Figure 3.5. A message from the study



32

Figure 3.5: Bi-directional flow of SMS messages through the mWACH platform.

staff (5) is sent through the mWACH plateform (4) to Africa’s Talking (3) which passes the

message on to Safaricom (2) which uses telephony protocols to delivery it to the participants

phone.

The Africa’s Talking gateway also provides delivery reports for SMS messages. These

reports are sent to a call-back URL on the mWACH platform and report the status of a

message once it either reaches or fails to reach the intended mobile number. Having delivery

reports for messages is import for real time monitoring of system outages. Delivery reports

are also useful for knowing which messages have been received and if a contact has changed

numbers.

The transport layer is not limited to SMS – IVR, USSD, WhatsApp, or even a service like

Slack could also be used – as long as there is an API for automated sending and receiving

messages. In 2018 WhatsApp released a business API for sending automated messages

through approved third-parties. The maternal health SMS project MomConnect [176] in

South Africa has started testing WhatsApp for mothers who can use it. The primary

advantage of WhatsApp over SMS or IVR is cost when sending large quantities of messages

per week. However, since any project would still have to support non-WhatsApp users a

shortcode for SMS would still be needed.
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Chapter 4

ENCOURAGEMENT: MWACH V1

4.1 Overview

This chapter presents results from the first deployment of the mWACH platform – refered to as

mWACH V1 – with a focus on understanding the user experience and SMS messaging patterns.

This chapter contributes to the overall thesis by examining how a hybrid computer-human

SMS system can engage pregnant women in Kenya in health-related communication, As the

first deployment of mWACH the findings described in this chapter influenced the design and

implementation of future projects in this thesis.

Data for this chapter focuses only on the 100 mothers in the two-way messaging group

as part of a larger 12-month RCT at Mathare North Health Clinic on the outskirts of

Nairobi [193]. This findings show that the mWACH apporach is capable of engaging the

majority of participants in health-related conversations. The computer automates the bulk-

sending of personalized messages to patients, allowing the human to read patients’ replies

and respond to those in need of attention. We show that receiving messages from the system

triggers participant communication and the amount of communication increases as participants

approach their expected due date. In addition, analysis of participants’ messages shows

that they often contain sensitive health information conveyed through a complex mixture of

languages and ‘txting’ abbreviations, all of which highlight the benefits of including a human

in the workflow. Our findings are relevant for HCI researchers and practitioners interested in

understanding or engaging underserved populations.
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4.2 Introduction

The proliferation of mobile devices throughout the world, and particularly in low-income

countries such as Kenya, is providing opportunities to create mobile applications that deliver

health and information services to people living in poverty. Many of these applications focus

on SMS, a low-cost communication channel that is supported on even the most basic mobile

phones. However, the majority of existing SMS-based health applications use one-way ‘push’

messaging, in which generic messages are sent to large numbers of users who have no way

to respond [53, 106] or they enable two-way communication between users and a server by

requiring that users submit highly-structured messages that can be automatically parsed by

the server [45, 130]. Although many SMS-based services would prefer to provide patients

with personal attention that takes into account their specific context, they usually employ

a small number of health workers who have limited amounts of time to engage in direct

communication with individual users. This suggests a need for new approaches that increase

the capacity of health workers and allow them to communicate effectively with a larger

number of patients.

This chapter makes a novel contribution to HCI4D by investigating if a hybrid computer-

human SMS system can engage pregnant women in health-related conversations. Unlike prior

research, our system leverages the different strengths of both the human and the computer

and we argue that each plays a critical role in communicating with and engaging patients.

The computer automates the bulk sending of personalized, time-specific messages to a large

number of patients, which allows the human to spend time reading patients’ replies and

responding to those that have specific questions or concerns. This approach allows the human

to effectively manage a much larger number of patients than would be possible if s/he was

required to send all of the messages manually. Moreover, by allowing participants to send

unstructured messages to the system in any format or language that they choose, we aim

to allow users who may have little experience with SMS to participate and engage with the

system.
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We evaluate our hybrid approach through a 12-month deployment with 100 pregnant

women in Kenya. Pregnant women in Kenya often have to wait for several hours at the clinic

to see a nurse [142], which discourages them from attending their antenatal clinic visits and

decreases the amount of advice and support that they receive during pregnancy. We use

our hybrid SMS system to send pregnant women timely information that is tailored to their

specific context and connect them directly to a nurse who is able to respond to their questions

or concerns. This research was part of of a larger RCT that that aimed to assess if two-way

SMS communication can influence antenatal clinic visits, infant immunization rates and

adoption of family planning practices. However, discussing the long-term medical outcomes

of the trial is beyond the scope of this of this chapter. Instead, we focus on understanding

how low-income women use our computer-human SMS system to engage in health-related

communication and we analyze the conversations that are enabled by our approach.

Key findings from the design and evaluation of our hybrid computer-human SMS system

show that, despite most participants having little prior experience with SMS, our approach

successfully engages the majority of participants in meaningful health-related conversations.

We show that receiving automated messages from the system triggers participant communica-

tion and that the amount of communication increases as participants approach their delivery

date. Finally, although prior work has presented large-scale quantitative analyses of SMS

usage data [67], to the best of our knowledge we contribute the first in-depth analysis of

unstructured SMS conversations with low-income women in Kenya. We show that partici-

pants used a complex mixture of languages and ‘txting’ abbreviations to communicate highly

personal health information over SMS. Taken together, these findings suggest that our hybrid

computer-human SMS system has the potential to engage users in meaningful health-related

communication.

4.3 A Hybrid Computer-Human SMS System

The goal of our work is to use a hybrid computer-human SMS system to engage pregnant

women in Kenya in health-related communication. Designing an SMS messaging system that
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is appropriate for maternal health settings requires that we take into account a complex and

nuanced set of design criteria. For example, the date at which a woman is predicted to give

birth and the date at which she actually gives birth can vary by several weeks. As a result, it

is often impossible to accurately predict when a woman will give birth and automatically

switch her from antenatal to postpartum messaging. To overcome challenges like this, our

hybrid SMS system has been designed to incorporate input from both a human nurse and

automated software, with each playing a critical role in the resulting communication.

4.3.1 Design

At a high-level, our approach allows automated SMS scheduling software to handle the

majority of outgoing messages. This greatly reduces the total number of messages that the

nurse is required to manage, allowing her to instead spend time reading and responding to

unstructured messages submitted by participants. In this way, the nurse is able to effectively

communicate with a larger number of patients than would be possible if she had to send all

of the messages manually. Keeping in mind the challenges of designing for maternal health

settings, we identified the following criteria that influenced the design of our system:

Personalize messages

As much as possible, we personalize the content of the messages to each individual woman’s

specific context. We send messages that take into account gestational age and provide tailored

message tracks for groups of participants with special circumstances, such as first time

mothers, adolescent mothers, or women who have had previous cesarean sections. Moreover,

we allow participants to choose the language (English or Swahili) that they receive messages

in, and the day of the week and time of day that the messages arrive.



37

Encourage engagement

Our approach encourages women to engage with the system in several ways. First, each

message includes a simple question relevant to the informational content of the message.

Answering the question provides a natural method for engagement. Second, messages that

women send to the system do not have to be structured or specially formatted in any way.

Instead, women can submit questions, concerns or updates in any format and in whatever

language they prefer.

Provide professional health care

Since we cannot predict the nature or content of the messages that women send to the system,

it is important that responses come from qualified health professional familiar with the local

culture and language. Moreover, the information in the automated messages was carefully

crafted by maternal and child health experts to ensure that it was both relevant and medically

accurate. Connecting underserved women directly to a health professional was one of our

major goals.

Increase the nurse’s capacity

To allow the nurse to easily communicate with a large number of women we designed a

laptop-based interface that provides a portal through which the nurse can view and reply

to messages (see Figure 4.1). The center of the interface depicts messages that have been

sent and received by the selected participant as a conversation. Messages from the system,

the nurse and the participant are displayed in different colors so that it is easy to interpret

the participant’s communication history. At the top of the interface is an input box that the

nurse can use to send messages to the participant. The left side of the interface provides a

searchable list of participants with new messages filtered to the top of the list. This allows the

nurse to quickly locate and view unread messages that she has not yet responded to. Finally,

the right side of the screen displays the participant’s visit history and health status, such
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Figure 4.1: The laptop-based interface that the nurse uses to manage all participant com-
munication. The system has a list of searchable contacts on the left, the communication
history of the currently selected participant in the center, and mechanisms for tracking the
participant’s visit history and health status on the right

as her next scheduled clinic visit or when she is expected to give birth. Using this interface,

the nurse can quickly understand a patient’s prior communication, visit history and medical

context and personalize her responses accordingly.

Adapt to participant circumstances

The unpredictable nature of pregnancy means that the sequence of outgoing messages may

need to be dynamically adjusted based on a participant’s changing circumstances. For

example, if a woman gives birth earlier than expected, we need to be able to change the

messages that she is receiving accordingly. Thus, rather than defining a fixed set of messages

to be sent at sign-up, the messages sent to participants are instead dynamically selected

according to each woman’s current status at the time of sending. If the nurse changes the

status of a woman in the system, the messages that she receives will automatically adapt to

her new status.
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Allow participants to respond only when they want to

Several prior studies [53, 195] used escalating reminder systems in which participants received

a telephone call when they did not respond. Our original design emulated this model. Initially,

if a participant did not respond to a message, the message would be repeated every 48 hours

for four days until a response was received. If no response had been received at that point,

the system would prompt the nurse to call the participant. However, early feedback from

focus groups with health workers and pregnant women revealed that this interaction model

was overly demanding, and we changed our design to allow participants to respond only when

it made sense.

4.3.2 Message Content and Timing

The content of the SMS messages sent to participants was carefully crafted by maternal and

child health experts using Kenya’s antenatal care guidelines. In addition, we conducted focus

groups with 22 pregnant women and 10 health workers prior to the start of the study to obtain

feedback and iterate on the message content. Findings from these focus groups suggested

that participants really wanted to feel as though someone cared about them. In addition,

they wanted the messages to be directed specifically to them and take into account their

personal situation. To achieve these goals, we designed the message content to include the

name of the participant, with each message appearing as if it came from the study nurse (see

Table 4.1). The messages were then further tailored to each participant based on her specific

expected delivery date and covered a range of health and pregnancy related topics, including

birth preparedness, factual information on what to expect, family planning, breastfeeding

and immunization. The messages were then further personalized based on the participant’s

current pregnancy status, such as being a first time mother or adolescent. Finally, as shown

in Table 4.1, each message that was sent by the system included a specific question designed

to encourage the participant to respond.

Based on each participant’s specific criteria, the system automatically selected and
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dispatched the relevant pre-programmed message at the appropriate time. In several cases,

the final automated message was longer than the maximum size of a single SMS (140

characters) and was broken into two messages that were sent at the same time (see Table

4.1(b) for an example). In addition to health related information, participants also received

automated appointment reminders two days before each scheduled clinic appointment (see

Table 4.1(c)). Messages were also sent on the day of enrollment, on the day a clinic visit was

recorded, and when a delivery was recorded.

Finally, women’s delivery dates in Kenya are typically calculated based on the date of

their last menstrual period. However, this method is frequently inaccurate and, in reality,

they give birth anywhere from several weeks before to several weeks after their predicted

date of delivery. Thus, if a participant had not given birth by the time all of the scheduled

antenatal messages had been sent, the final antenatal message was repeated for an additional

two weeks or until a birth was recorded in the system, at which point they began receiving

tailored postpartum messages. In total, each participant that completed the study received

approximately 35 automated messages in the seven to eight months between enrollment and

completion, with at most two system messages per week.

4.3.3 Implementation

Our system is a python-based Django web application that connects to the Kenyan telecom-

munication system through Shujaa Solutions1, a now defunct third party SMS gateway that

provides an API that our server can use to post outgoing messages. Incoming messages

from participants are routed to our server via a callback URL. In addition, by establishing a

reverse billing five-digit short code, we were able to to allow participants to send and receive

messages free of charge.

1Shujaa Solutions: http://shujaa.co.ke
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(a) Automated message at 27 weeks pregnant
[Name], this is [Nurse] from clinic. Iron helps carry nutrition to your baby. If it is low, you
feel tired. Are you taking iron or do you need tablets?

(b) Automated message 8 weeks after giving birth
(1) [Name] this is [Nurse] from clinic. Are you having trouble breastfeeding? Giving the baby
other fluids can cause illness and weakness.
(2) Please continue to only give breast milk to your baby for at least six months. How long
do you plan to breastfeed?

(c) Automated clinic appointment reminder
[Name], it is [Nurse] from clinic. You are to come in Friday Aug 08. We will give vaccines to
your baby. You may also get free family planning. Please come in.

Table 4.1: Examples of automated messages sent by the system at (a) 27 weeks pregnant; (b)
8 weeks after birth; and (c) 2 days before a scheduled clinic visit. Note that, as is the case
for (b), any messages longer than 140 characters were sent in two parts.

4.4 Evaluation

To understand women’s engagement with our hybrid SMS system, we analyzed messages

sent during a year long deployment with 100 pregnant women in Kenya. Our work is part

of Mobile WACh, a larger IRB-approved clinical trial investigating maternal mobile health

initiatives and behavior change. The deployment was based at Mathare North Health Center,

a city council clinic located approximately 10km from Nairobi, the capital city of Kenya.

Mathare provides basic health services to patients, including normal antenatal services for

pregnant women, but refers all complicated cases to a higher level health facility.

4.4.1 Study Nurse

A dedicated nurse was hired for the duration of the study to enroll participants, respond

to SMSs, keep track of anticipated and completed patient visits, monitor when participants

gave birth, and conduct post study surveys. The nurse was female, computer literate and
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had experience reading and responding to email and participating in Skype conversations.

We provided the nurse with a laptop and access to the system management portal so that

she could communicate with participants. Prior to the start of the study, the nurse received

roughly two hours of training on how to use the software.

4.4.2 Participant Enrollment

Starting in August 2013, pregnant women visiting the clinic for their first or second antenatal

visit were invited to participate in the study. Volunteers needed to have personal or shared

access to a mobile phone, be able to read and respond to messages in English or Swahili (the

two national languages of Kenya) and be planning to reside in the area for the duration of their

pregnancy. In addition, due to technical limitations of the SMS gateway, participants were

required to possess a SIM card for the telecommunications provider Safaricom. Fortunately,

the majority of Kenyans already use Safaricom. During the entire study only two people

failed to meet the inclusion criteria, and this was because they did not possess a Safaricom

SIM card. In total, we enrolled 100 women to receive messages from our hybrid SMS

system. All participants sent and received messages using their own personal or shared mobile

phones. During enrollment the nurse explained that participants would not be charged for

any messages sent to the five-digit study number. All participants received a small monetary

compensation for their participation.

4.4.3 Procedure

After screening volunteers and obtaining informed consent, the study nurse conducted a

structured interview with each participant in which she collected the participant’s demographic

information, medical history, and current usage of and prior experience with technology.

She also collected their mobile phone number and explained that they would receive one to

two messages per week, starting at 20 weeks of pregnancy and continuing until 10 weeks

postpartum. She explained that the messages would contain questions about their health and

that they should respond, although she also made it clear that they should not use the service
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for emergencies. Each participant also received a business card that contained the study’s

five-digit short-code. After enrollment, the study nurse did not meet with participants again

until several weeks after they had given birth, although participants did see other clinic nurses

when they attended their normal antenatal appointments. All participant communication

with the study nurse was through participants’ personal mobile phones.

4.4.4 Data Collection and Analysis

The goal of our paper is to investigate if we are able to engage pregnant women using our

hybrid computer-human SMS system and to characterize the resulting conversations that

take place. To achieve this goal, we analyzed data from 100 structured interviews conducted

with participants at enrollment, 3661 automated messages sent by the system, 423 messages

sent by the nurse and 944 messages sent by participants, and data from two 45-minute

semi-structured interviews with the study nurse that were conducted over Skype.

We began by examining the data from interviews conducted at enrollment and characterized

the population of women that participated in our study, organizing them according to age,

income, language, education level, employment, and their current usage of and prior experience

with technology. Following this, we conducted an iterative, in-depth analysis of messages

that participants sent to the system. We began by noting the language that participants sent

messages in (English, Swahili or a mixture) and whether each message contained abbreviations

or ‘txting’. One of the authors, who speaks Swahili, translated any messages that were in

Swahili into English. Then, we coded any messages that (1) answered a question posed

by the system; (2) answered a question posed by the study nurse; (3) asked a question

related to information sent by the system; (4) asked a new question that was not related

to anything sent by the system; and (5) provided the nurse with an unprompted update

or information. We further identified any messages that formed a ‘conversation’, which we

define as a back-and-forth sequence of at least two related messages. For each identified

conversation, we then further analyzed the messages that made up the conversation to identify

who initiated the conversation (the system or the participant) and any themes, events or
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Figure 4.2: Total number of messages sent during each week before and after delivery. Week 0
corresponds to the week in which participants were recorded as giving birth. Week -5 depicts
five weeks before giving birth while 5 shows five weeks after giving birth

topics that caused participants to engage in conversation.

4.5 Findings

4.5.1 Understanding Our Participants

Before analyzing participant engagement with the system, it is important to understand the

characteristics of the women in our study and their prior experience with technology.

Demographic Characteristics

Our participants were all pregnant women aged between 16 and 37 years (M=24.1, SD=4.6).

38 participants reported that they had attended primary school, 51 had started (but not

necessarily finished) secondary school, while 11 had some form of post-secondary education.

The majority of Kenyans in Nairobi speak a complex combination of Swahili, English, slang

words and local languages known as Sheng. However, since the language of education

and government in Kenya is English, most of our participants prefer to receive formal

communication in English as opposed to Swahili, and 97 participants chose to receive SMS

messages in English. 86 participants reported that they live in single-room houses, 94 within

10km of the clinic, and 88 walked to the clinic for their appointment. 85 participants said

that they were self-employed or housewives with family sizes ranging from 2 to 6 people
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(M=3.1, SD=1.3) with a mean monthly household income of 6500 (SD=3728) Kenyan

shillings (roughly US$73). These characteristics suggest that, despite living close to Nairobi,

Kenya’s capital city, many of our participants are living in extreme poverty [167].

4.5.2 Measuring Participant Engagement

We use the number of messages that participants sent to the system as our measure of

engagement. Thus, women who communicate more by sending more messages have a higher

level of engagement. The total number of weeks that participants received messages from the

system varied according to when they enrolled in the study and when they gave birth. To

account for this variance, we divided the total number of messages that each participant sent

by the number of weeks that they were receiving messages to obtain our final engagement

metric, which we report as the average number of messages that each participant sent per

week of participation.

The majority of participants engaged with the system

Between August 23, 2013 and August 31, 2014 we received a total of 944 SMS messages

from participants. During the same time period, the system sent 3661 automated messages

and the study nurse sent 423 messages to participants. On average, each participant sent

0.46 (M=0.26 SD=0.54) messages per week or two messages per month for the 7-8 months

that they participated in the study, with 73 of our 100 participants sending at least one

message. In addition, many participants communicated on a regular basis throughout the

study (see Figure 4.2) with the highest amounts of engagement recorded during weeks close

to participants’ delivery dates. This high level of participant engagement is encouraging,

particularly since the majority of our participants did not have much experience with SMS

and prior work has struggled to engage these kinds of users with SMS communication.
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Participants were more engaged close to their delivery date

To analyze how participants’ communication varied throughout pregnancy, we calculated the

total number of messages that participants sent in relation to when they gave birth. Our

findings are shown in Figure 4.2. Week 0 in the graph shows the week that participants were

recorded as giving birth, with values before 0 showing weeks before giving birth and values

after 0 showing weeks after giving birth.

In general, participants’ engagement with the system increased as they approached their

delivery date. This suggests that participants were more motivated to communicate the closer

that they were to giving birth. In addition, the questions that the system sent to participants

in the third and fourth weeks prior to their expected delivery date specifically asked, “Are

you worried?” and “Do you have any questions about where to go in labor and how to get

there?” Similar open-ended questions were asked in other automated messages, however,

they elicited the most responses in the weeks just prior to delivery, which indicates that

this was an opportune time to provide participants with someone to whom they could direct

their questions or concerns about the process of giving birth. After delivery, the number of

messages that participants sent gradually decreased again, with a notable drop in messages

submitted more than 10 weeks after birth. Since participants stopped receiving messages

from the system at 10 weeks postpartum, it makes sense that, for the most part, they also

stopped sending messages to the system.

Receiving messages triggered engagement

The vast majority of messages sent by participants were on the same calendar day as they

received a message from the system (705 out of a total of 944). A large number of these

were direct responses to questions that the system had asked. However, many also triggered

additional questions unrelated to those posed by the system, with 39 different users each

submitting at least one new question. For example, one participant received the following

automated message:
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“[Name]2 this is [Nurse] from Mathare clinic. Regular, strong stomach pains are

a sign of labor. If you feel strong tightening of your belly, leaking of fluid or any

bleeding go to the clinic. Have you had any labor pains? How often do you feel

them? Are you worried?"

40 minutes after receiving this message, the participant sent3,

“Hi,am not as such worried,but i have a little fear.i have never had any labor

pains."

Then, ten minutes after this initial response, she sent,

“Hi.madam [nurse],kindly will u state for me items that are needed when i will

attend clinic during labor pains e.g clothing for the baby,basin,.and what els......."

to which the nurse then responded,

“Hi [name], you need baby clothes, shawl, leso, basin, spirit, cotton wool. that is

mainly it. the rest you can inquire from the nurses when you reach the hospital."

Exchanges like this suggest that receiving messages from the system reminded participants

that they had someone to whom they could direct their questions or concerns and highlight

the potential for the automated messages to trigger engagement.

Some participants did not respond

Twenty-seven participants did not engage in any communication during the study. We tried

to contact these participants to understand some of the reasons for their lack of response

and were able to successfully reach eight participants. Three explained that they shared

2All names have been removed to preserve anonymity.
3All messages quoted in the paper show participants’ original spelling and grammar.
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a phone with their husband, which made it difficult for them to read and respond to the

messages. In one case, a participant said that her husband deleted the messages before she

had a chance to read them. In several other cases, the person who answered the call told us

that the participant had changed their phone number during the study. Moreover, several

of the phone numbers that participants had provided to us appeared to be incorrect, with

the number either not being a valid phone number or with the person who answered the call

claiming to not know the participant.

4.5.3 Understanding Participants’ Use of Language

Kenya has two national languages, English and Swahili. Our findings show that participants’

messages frequently included a complex mix of English, Swahili and Sheng (an informal

mixture of the two), ‘txt’ abbreviations, and numerous spelling and grammatical errors, all of

which highlight the benefit of having a human interpret and respond to messages.

Participants sent messages in a mixture of languages

Since 97 participants chose to receive messages in English, it makes sense that the majority

of messages sent to the system (784 out of 944) were also in English. However, since only

three participants chose to receive messages in Swahili, we were surprised to find that 41

participants sent messages that contained at least some Swahili, with 13 communicating

entirely in Swahili. Follow-up conversations with the nurse showed that although some

participants were more comfortable with Swahili, they feared that the messages would contain

formal Swahili rather than the colloquial language that they typically use. A total of 73

participant messages were entirely in Swahili and a further 87 contained a mixture of Swahili

and English. Our analysis of these messages suggests that participants mix Swahili and

English freely, choosing whichever word comes to mind first. For example,

“my headache is ve ly pain and kizuguzugu"

The word ‘kizuguzugu’ (a misspelling of ‘kizunguzungu’) means ‘dizzy’ and, although we
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cannot be sure, we hypothesize that this participant was either unsure of the English word for

dizzy, or simply more familiar with the word in Swahili. Other participants more blatantly

used Sheng, mixing English and Swahili whenever was convenient and incorporating new

words not pulled from either language:

“My nxt visit will be on 29th may.na nina sweat sana siku hizi xana xana usiku.can

u elaborate on this pliz"

The Swahili part of this message means ‘I am sweating a lot these days a lot a lot at

night’. The first time the participant writes ‘a lot’ in Swahili, but the second and third time

it is written in the slang version commonly used in Sheng. Although this complex mixing of

languages may be understood by a bilingual Kenyan, it would be extremely difficult for any

language processing software to interpret these messages.

Participants frequently used ‘txt’ abbreviations

‘Txting’ refers to the use of abbreviations and other techniques to craft SMS messages, often

with the aim of reducing the overall length of the message [24]. Analysis of our participants’

messages shows that 30% or 287 messages used ‘txting’ that often made the messages difficult

to interpret:

“the 1st thing iwould like 2say hi 2u hpng dat ur fine.my qstn is dat when ivisted

clnc last mnth itryd 2expose my complication 2the dctr dat the lab told 2hav some

medicine coz of infctn bt they gav out 2 me some amoxil capsols 4me 2use 2x3 pa

day bt whn iused them 4the 1st 4day iwas flng stomach strng pain den ijust chsn

my self 2surender tkng thm did iwrng or icld cntnu usng them bcz its how they

use 2cure"

In addition, several participants appeared to not know how to input certain characters

into their phone. For example, one participant responded to a question about heartburn with,
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“yesiamhavingheartburninaweekitocurstwice"

These findings suggest that many participants would find it difficult to compose messages

that required specific formatting and it is an advantage that our system allows participants to

send unstructured messages. In addition, the mix of language, ’txting’, and errors highlights

the importance of considering the cultural and linguistic context for automated messages and

human replies.

4.5.4 Understanding the SMS Conversations

To understand the conversations that arose from participants’ engagement with the system,

we labeled any sequence of two or more related messages as a ‘conversation’ and analyzed

the length and content of these conversations. In total, we recorded 703 conversations that

took place during the study, ranging in length from two to ten messages (see Figure 4.3).

529 conversations were initiated by automated system messages, while the other 124 were

initiated by participants.

Conversations with two messages: question and answer

The majority of two-message conversations fall into two categories: (1) the automated message

asks a question and the participant responds, and (2) the participant asks a question and the

nurse responds. Participant responses to system questions ranged in length and complexity

from simple ‘yes’ and ‘no’ answers to longer, in-depth updates, such as,

“Am not having heartburn but am having alot of pain at the side of stormach and

at the back.sometime it enter in the legs that i cant even make a single step till

the pain disapear.then there is something coming up from stomach such as am

unable to breath."

There were 73 additional questions posed by participants that the nurse was able to

answer with a single message. Many of these questions demonstrate the value of connecting

participants to a health professional. One message asked,
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Figure 4.3: Graph showing the number and length of conversations (two or more related
messages) started by the system and by participants.

“I have a question that is disturbing me, can a pregnant woman be dewarmed?"

while another inquired,

“Hey [nurse] i ga ve birth on satudy bt my bby is cryng of stomac is it advaisable

i giv ha medicine?"

It is unlikely that these participants would be willing to wait in line for hours at the clinic

just to ask these kinds of questions, which suggests that our system successfully lowers the

barrier between our participants and health-related information.

Conversations with three or more messages

The majority of conversations longer than two messages were initiated by the system and

then continued by the participant and the nurse. In many cases, participants would respond

to a system question with a related question. For example,

System: “[Name] this is [Nurse] from Mathare clinic. When you come in for

labor, we will give you a birth notification for the baby. Delivery at the hospital

could save your baby’s life. Do you have any questions about where to go in labor

and how to get there?"

Participant: “My worry is how 2 get in the hosp. Becoz of insecurity in our
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area incase labor starts at midnight. Another question is when i get at the hosp. 4

example at mathare at midnight will they able 2 open 4 me?"

Nurse: “Hi [name], This is [nurse]. The maternity unit at Mathare operates for

24 hrs a day, so if you go there at midnight they will definitely attend to you.

Thank you."

This highlights the value of including carefully crafted questions in the automated messages

that encourage participants to share their questions and concerns. Other conversations took

place solely between a participant and the nurse. In these cases, a participant usually

contacted the nurse seeking additional information or advice. For example,

Participant: “how about if i’give the baby other liquids,like cow milk what will

happen?"

Nurse: “Hi [name]. How old is your baby? If the baby is below 6 months, we

advise you give only breast milk because the baby’s digestive system is not yet

fully developed to digest other foods. If i may ask. Why do you want to give cows

milk?"

Participant: “she is almost three months. very soon am going back to work

whereby i’can’t go and come back to breastfeed the baby,what is another option?"

Nurse: “if you are going back to work, you can express the milk and leave it for

the baby to be given while you are away. you can also buy NAN for the baby to

substitute the breast milk."

The longest conversation that we identified consisted of 10 messages in which the par-

ticipant asked four different questions that were answered by the nurse. After receiving her

answers, the participant concluded the conversation with,

“Thanks alot. Those are some of the questions that were really bothering me."
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Participants communicated sensitive personal information

Analysis of participants’ communication revealed that many were willing to send personal

health information over SMS. Several inquired about sexually transmitted diseases:

“i’was tested 4 siphilis on monday.is it posible someone can stil have other std?"

while others asked if it was safe for them to have sex:

“Hi [nurse],am gud since we were 2getha.just wanted 2 ask u whetha a baby can b

affected by sex while in the womb apart from sexual transmitted diseases."

Interestingly, some participants communicated sensitive information through updates

without asking a specific question:

“Thanks a lot.I don’t have pains nor bleeding. If I can cough or sneeze I notice

little urine come out. Am satisfied in early stage is okey. Am greatful for your

concern."

Participants’ willingness to communicate this personal information over SMS has several

potential implications. For example, since participants may be hesitant to talk about

embarrassing or sensitive topics in person [95] the SMS system could provide them with a

more comfortable communication channel for airing their concerns. Finally, many participants

expressed gratitude for the support that they received:

“Dank U 2, 4 Being Consern About My Health. Am Not Realy Bad, But We R

Stil Struggling With Life & Pray 2 Survive It. Coz 4 Me It’s Had."

These messages are particularly rewarding because they were unsolicited, which gives us

reason to believe that participants were genuinely grateful and that it made a difference to

them to feel as if someone cared about them.
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Some participant questions went unanswered

For our hybrid computer-human SMS system to be successful, it is crucial that the nurse is

also engaged and sends timely responses to participants (although we made it clear during

enrollment that participants should not use the system as an emergency service). Our analysis

of participant messages revealed a total of 50 questions that were never answered. In addition,

in some cases the nurse responded several days after the message was received. Although

the nurse’s lack of response to messages did not have any observable effect on participant

engagement, we plan to change the design of the interface to help the nurse do a better job

of responding to messages. First, although the software made it easy to see unread messages,

the nurse would often read a message but not respond immediately. However, after reading

messages, it was difficult to keep track of messages that she had read but not responded to.

To overcome this challenge, we plan to change the design of the system management portal

so that, in addition to highlighting unread messages, it also flags messages that have not yet

received a response. The nurse also described that she feared the laptop would get stolen

if she carried it on public transit or left it at the clinic overnight. Thus, she frequently left

the laptop at home when she went to the clinic for the day and was then unable to read and

respond to messages until she got home in the evening. To overcome this issue, we plan to

design a mobile version of the software that the nurse can use on her personal Android phone.

4.5.5 Themes that motivated communication

We identified several common themes that motivated women to reach out to the nurse. In

general, we observed that a large number of participants were willing to send extremely

detailed and personal health information over SMS. Understanding participants’ opinions

regarding the security and privacy of their messages will be interesting future research.
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Concern

A large number of participants’ messages were motivated by concern, both for their baby and

for themselves. Many of these messages included phrases like “is it safe”, “is it harmful” or

“is it normal.” Participants frequently inquired about foods that were safe to eat or feed to

their baby:

“does eating avocados makes the baby to grow big that he/she may not come out

easily?am confused about eating some foods."

After giving birth, participants’ concern was primarily for the welfare of their baby, and

they would frequently reach out to ask for advice about what to do,

“My child is hot, coughing, has rashes, flu, loss of apetite, what do i do?"

In some cases the nurse was able to provide answers that saved the participant an

unnecessary visit the clinic. However, for any potentially dangerous scenarios, she always

advised participants to visit the clinic as soon as possible,

“please take your baby to the doctor tomorrow so that she can receive medical

attention."

Professional Advice

Many participants submitted questions that asked for clarifying information about rumors or

other beliefs. These messages often included the phrases “is it true” or “some people say” For

example,

“is it true that drinking chocolate in pregnancy triggers bleeding when giving

birth?"
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These kinds of messages are highly encouraging because they provide an opportunity to

give participants medically accurate advice and dispel rumors that may be untrue or even

harmful. In addition, follow-up messages suggest that women appreciate and heed the advice

provided by the nurse,

“Thank you very much for your advice ill make sure i follow it."

A variety of other messages asked the nurse for factual information, such as if the clinic

operated 24 hours a day, what to bring with them when they go into labor, or where to obtain

a birth certificate for their child. Several also forgot the date of their next clinic appointment

and used the system to find out,

“Plz idont no the date of going to clinic will u help me?”

These messages suggest that it was beneficial for participants to to have a connection to

a health professional who was able to provide them with the information that they sought.

Gratitude

Finally, many participants expressed gratitude for the support and encouragement provided

by the system. One sent,

“Hi.madam [nurse],thanks for ua informations.ua messages are really encourag-

ing,"

while another communicated,

“Dank U 2, 4 Being Consern About My Health. Am Not Realy Bad, But We R

Stil Struggling With Life & Pray 2 Survive It. Coz 4 Me It’s Had."

These messages are particularly rewarding because they were unsolicited, which gives

us reason to believe that these participants were genuinely grateful for the information and

advice that they received and that it made a difference to them to feel as if someone cared

about their welfare.
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4.6 Discussion

Our findings clearly demonstrate the potential for hybrid computer-human SMS systems like

ours to engage women in health-related communication during pregnancy and postpartum.

We believe the success of our approach relies on the contributions of both the computer and

the human. Since participants only met the nurse once at enrollment, we argue that it is

not only the personal face-to-face connection to the nurse that causes them to engage with

the system. Rather, it is the combination of carefully crafted personalized messages, the

perceived relationship with the ‘nurse’ created by the automated messages and the messages

sent by the nurse, each of which contribute to participants’ motivation to communicate. The

streamlined, tailored system messages provided a foundation on which further communication

was built, and participants’ responses to these messages suggest that they perceived the

automated messages to come directly from the nurse rather than an automated system. With

the system automating the bulk of the sending, the human was able to fulfill the higher order

demands for advice and person-specific care. In addition, the varied topics and questions

messaged by participants and the unpredictable nature of pregnancy motivate the need for a

human to dynamically and adeptly control the messages that are sent. Participants often

asked sensitive medical questions that require a trained professional to answer or triage to

higher-level in-person care.

Taken together, these findings suggest that our system is able to supplement currently

overstretched health care systems in a meaningful way. Not only do hybrid systems like

ours allow for health education, appointment reminders and information dissemination, they

may engage women in their own care, creating more informed patients and allowing for

triage of both necessary and unnecessary in-person clinic visits. Moreover, enabling this

communication requires little in terms of direct or indirect costs to the participant (e.g., no

travel time, transportation, waiting to see a nurse) and may decrease unnecessary visits to

the clinic, which could help to reduce clinic waiting times for all patients.

The use of a hybrid messaging system does raise an interesting ethical debate: participants
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may think that the automated messages are being personally composed by the nurse. Our

hybrid design is a compromise between an entirely automated system and a manual one. We

use technology to efficiently accomplish what a human could do manually without significantly

changing the process or workflow. Moreover, in our case, the outgoing automated messages

have been carefully crafted by global health experts and tailored to each participant’s health

status. In addition, all participant messages and questions are reviewed and responded to by

a qualified nurse. We believe that this approach is ethically acceptable, allowing underserved

women to receive personal advice from a trained health professional, which would not be

feasible if the nurse had to send all of the automated messages manually.

Our study also exposed several interesting design opportunities that we plan to explore.

For example, we would like to make it easier for nurses to keep track of questions sent by

women. One potential approach could be to model the web-based interface as a ‘ticket

management system’ or email client instead of using an SMS-focused paradigm. Another

interesting addition would be to allow the nurse to create and save template responses to

frequently asked questions. For example, several participants asked about hospital operating

hours, the safety of eating particular foods, vaccine schedules etc. Having template answers

to these questions may help the nurse to respond more quickly and efficiently.

As we consider how to scale our hybrid system to larger deployments, we need to carefully

consider how best to preserve the privacy of patients’ personal health data. In our study, we

explained that participants would receive messages on their own phones and we allowed them

to choose the time of day that messages would arrive in part to allow them to choose a time

when they would likely be alone. To avoid accidentally revealing a woman’s pregnancy to her

husband or family, we only began sending messages at 20 weeks of pregnancy. At the clinic,

access to the messages was limited to the study nurse who logged in with a password. We

hope to learn more about patients’ opinions on privacy through follow-up interviews at the

conclusion of the ongoing medical study.

Finally, an important consideration in any HCI4D project is the sustainability of the

system. Since women were able to send messages to the system for free, we are unable to
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tell how engagement would change if women had to pay for messages. The cost of each

incoming or outgoing SMS was US$0.03. We paid for a total of 5028 messages, costing a total

of US$150.84. Our biggest cost was a US$300 monthly fee to keep the SMS gateway open.

However, this is a fixed fee that will not increase as the system is scaled up which means that

(at least for the foreseeable future) the cost per participant will decrease as the number of

participants increases. We also anticipate that additional challenges will arise as we scale the

system to a large number of clinics and health workers.

4.7 Conclusion

This chapter describes a hybrid computer-human SMS system that we designed to encourage

pregnant women in Kenya to engage in health-related communication. Findings from a

12-month deployment of the system involving 100 pregnant women show that the system

successfully engages the majority of participants by leveraging the different strengths of

both the computer and the human. Moreover, analysis of the resulting conversations that

took place between the system, the nurse and participants suggest that our hybrid approach

provides a valuable communication channel that connects pregnant women directly to a

qualified health professional. Taken together, our findings contribute a valuable and novel

dimension to the growing body of HCI4D research that aims to understand and engage

underserved populations.
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Chapter 5

MWACH XY: MALE PARTNER ENGAGEMENT

5.1 Overview

Maternal health outreach and engagement is a common goal of mobile health (mHealth)

projects for development. Male partners of pregnant and postpartum women are known to

be important influences on their health behavior. This chapter presents a novel extension to

the mWACH platform presented in Chapter 4 by exploring how to engage male partners in

SMS-based family planning conversations. The two primary contributions of this chapter to

the overall thesis are: 1) the design and implementation of 3-way messaging for inclusion

of male partners in a semi-automated bidirectional SMS platform and 2) the deployment of

mWACH for family planning focused decision making and support.

A 12-month randomized controlled trial of a family planning counseling SMS program

was conducted in western Kenya using our system. A total of 260 pregnant women and 101

of their male partners were enrolled in the system. We analyze enrollment and usage data

from this trial to compare baseline technology use and demographics of mothers and their

male partners. Our findings demonstrate significant technology gender divides exist within

the study population. Finally, we explore how both the mothers and their male partners

interacted with the SMS system through an analysis of over 11,500 messages. We conclude

that it is feasible to include rural Kenyan men in an SMS-based family planning discussion

program and that their inclusion does not dramatically affect the mothers’ engagement.

5.2 Introduction

According to the 2014 Kenya Demographic and Health Survey (KDHS) [140], 40% of Kenyan

women using modern contraceptive methods were not informed about the potential side
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effects. Moreover, 31% of women reported discontinuing contraceptive use within 12 months,

and of this group, 29% cited health concerns or side effects as a primary reason for stopping.

Studies have also highlighted multiple provider-level barriers to distributing information

about and accessing family planning [191]. This results in 18% of married Kenyan women

expressing an unmet need for family planning – an unmet need that is to some extent driven

by a gap in knowledge and understanding.

The use of SMS for information access and dissemination has been well documented

in HCI4D and Global Health fields [31]. However, most of the work on maternal health

has focused on reaching pregnant women at clinics or at home through community health

workers [53]. Systems that reach out directly to mothers are increasingly common [150, 171].

Studies suggest that reaching out to male partners during prenatal care and about family

planning decision-making may improve outcomes [211], but few interventions have included

them. In this chapter we examine the feasibility of including male partners in a maternal

health SMS intervention and how this affects women’s participation and engagement with

the intervention. This work presents three main contributions to the HCI4D community:

1. A description of the design considerations and system modifications necessary to

incorporate male partners into sensitive maternal health conversations over a toll-free

SMS gateway.

2. A characterization of the extent of the gender-based technology divide within the study

population.

3. An evaluation of the participation and engagement of mothers and male partners in a

family planning SMS intervention.

Not surprisingly, we show that on most measures of technology access and usage women

have less access than men. Our contribution in this regard is to show that this gender divide

exists within couple dyads. Despite this gender divide mothers engage significantly more than

their male counterparts with the same family planning and maternal health SMS content.
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However, when men do engage, they do so in much the same way as their female counterparts.

They respond quickly, talk about both family planning and maternal health, and show a

willingness to ask personal questions.

5.3 Related Work

In HCI4D projects for community outreach, the need to design universally available services

constrains the design space to simple text and voice based applications. These are accessible

on even the most basic mobile phone [151]. From IVR and live operator systems, to SMS and

data-enabled systems, this design space has been well documented [121, 138]. In Sub-Saharan

Africa, automated and bidirectional SMS has been used for projects as diverse as vaccine

cold chain management [14], financial reimbursements [51], and medication reminders [113].

SMS systems, such as UNICEF’s U-Report, have grown recently to large multi-country SMS

platforms with millions of users [2]. Sub-Saharan Africa is ideal for these projects due to

the low cost and universality of SMS, use of Latin-based scripts, and the prevalence of SMS

gateways.

A primary focus of mHealth SMS interventions has been on maternal health [11, 150, 171].

One of the largest projects in this area is MomConnect, which runs nationally in South Africa

and has connected over half a million mothers to health information via SMS [176]. Another

maternal health project to have reached scale is m4RH, which is an opt-in reproductive health

SMS service in Kenya and Tanzania [95]. Through a series of SMS-based menus, m4RH

allows people to request information on different family planning methods. This differs from

the semi-automated approach on which our study is based [150], where weekly SMS prompts

are sent to all participants and a trained clinician answers individual questions [150].

One concern of mHealth interventions in HCI4D is that they can amplify existing gender

inequalities [206]. Surveys of initial m4RH users showed that while a majority of users are

women, a substantial number of men queried the database [109]. A systematic review of

gender relations in mHealth projects revealed that many projects only reinforce existing

gender inequalities. [93]. To date there has been very little analysis of how men participate in



63

Partner Status Control Intervention Total
130 130 (ni) 260 (na)

Not Invited 52 49 101
Invited 29 29 58

Invited + Enrolled 49 52 101
Enrolled + Phone Shared 12 9 21

Table 5.1: Male partner status of enrolled female participants. Total study enrollment was
260 na with 130 participants in the intervention arm ni. Women’s enrollment is further
broken down by male partner status: not invited, invited (but not enrolled), both invited
and enrolled, and finally enrolled but sharing a phone.

SMS messaging projects for maternal health and family planning. Therefore, it is important

to understand how the inclusion of male partners in an SMS intervention affects the overall

engagement with the system.

5.4 Methodology

While the focus of this work is not on clinical outcomes, the background of the larger

randomized control trial (RCT) is necessary to fully understand the design constraints and

context. This work represents the collaboration between the University of Washington (UW)

Department of Computer Science and Engineering, the UW Department of Global Health,

and the Kenyatta National Hospital/University of Nairobi in Nairobi, Kenya. The first

author built the entire SMS platform in close collaboration with public health colleagues

who designed and implemented the RCT. A study team of nine Kenyans with a diverse

background in nursing, data management, and field work was hired for the duration of the

study.

The project started in July 2016 and ended in September 2017, enrolling a total of 260

women from Ahero sub-County Hospital and Bondo County Hospital in the Nyanza region of

western Kenya. The study was approved by the institutional review boards at the University of

Washington and the University of Nairobi and Kenyatta National Hospital. Before recruitment
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began, small focus groups of mothers, partners, and providers were conducted. The second

author, a family planning fellow at the University of Washington, developed 164 templates

for maternal health and family planning messages.

5.4.1 Eligibility and Enrollment

Women were recruited to the study at two public maternal-child health clinics in the Nyanza

region of western Kenya. Eligibility criteria for the study included: being at least 14 years old;

being pregnant and within 12 weeks of estimated due date (EDD); having daily access to a

mobile phone with a Safaricom SIM card; being able to read and respond to SMS in English,

Swahili, or Luo; and having the intention of remaining in the study area for six months. The

requirement for Safaricom SIM cards was due to the use of a shortcode – which in Kenya is

a dedicated five digit phone number which can send and receive both SMS and voice calls.

Setting up a shortcode is a time-consuming and bureaucratic process. For our study we

used the third-party gateway, Africa’s Talking1, which simplified setup and provided simple

backend API’s for connecting to our shortocde. Through Africa’s Talking, a shortcode costs

about $150 USD per month and enables us to setup toll-free SMS so participants can send

replies to the system at no cost while we pay about $0.007 USD per outgoing SMS. Limiting

study participation to Safaricom subscribers was not a significant barrier since Safaricom

dominates mobile services with 65% of the market [139]. In our study only 12% of ineligible

participants did not have a Safaricom SIM.

There were many reasons for exclusion from the study, but the primary reason was

gestational age. Of 648 women screened for enrollment 337 (56.4%) were ineligible. The

non-mutually exclusive reasons for ineligibility were: being more than 12 weeks from EDD

155 (46%) - these women could be enrolled at a future ANC visit; not having daily access

to a mobile phone 95 (28%); receiving antenatal care at a different hospital 68 (18%); not

having a Safaricom SIM 40 (12%); not knowing their phone number 15 (4%); unwilling to

1https://africastalking.com/
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receive SMS 4 (1%); and participating in another research study 31 (9%); Additionally, 51

eligible participants declined or desired to enroll on a different day.

During recruitment, women were randomized (1:1) into a control arm receiving standard

care or an intervention arm receiving bi-directional SMS. All participants who reported

having a partner were allowed to invite him to participate as well. Partner inclusion was

not randomized, for two reasons: first, our study design needed to be generalizable to the

larger population since any scale-up or deployment of the intervention would include both

partnered and unpartnered women; second, we felt that it was important to understand how

both partnered and unpartnered women used the system. For all partners invited into the

study, a home visit by a male Kenyan staff member was attempted in order to enroll the

parter and complete enrollment data collection.

5.4.2 Informed Consent

Female participants provided written informed consent at the time of enrollment. Male

participants were consented at the time of the home visit. This was done via a home visit

rather than a phone call because focus groups revealed that it was much more appropriate to

talk with men about maternal health issues in person. Consent counseling was conducted,

and forms provided in, either English, Swahili or Luo based on participant preference. The

consent process made it clear that the study was about family planning, and that participants

would be sent medical information via SMS and would have the option to respond to messages.

If at any time they felt uncomfortable or did not wish to continue with the study they could

SMS STOP to the study shortcode and would be removed from future SMS messaging.

5.4.3 Total Enrollment

Table 5.1 shows the breakdown of all mothers based on their partner’s enrollment status. Of

the 260 total participants, 198 (76.2%) were partnered, and of these, 159 (80.3%) invited

their partner and 39 (19.7%) did not. This left left 101 (43.9%) participants who either did

not have a partner or elected not to invite their partner. Of the 159 partners invited, 101
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Not Invited Invited Enrolled Phone Shared

ni 49 29 43 9

Automated System Messages: 5176 (45.1%)

Mother 1893 1095 127 347
Partner 0 0 41 0
Both 0 0 1673 0

Participant Responses: 3575 (31.2%)

Mother 1345 643 1027 173
Partner 0 0 387 0

Study Staff Replies: 2718 (23.7%)

Mother 994 466 354 139
Partner 0 0 187 0
Both 0 0 578 0

Table 5.2: Distribution of 11469 SMSes sent or received in the study. All messages from a
dyad sharing a SIM card or phone are counted as coming from the mother.

(43.9%) were enrolled in the study and were sent SMS. In nine cases (15%) this was because

the male partner did not want to participate, however, more commonly it was because we

were unable to contact the partner (20%) or the partner was living outside of the study area

(37%) making a home visit for informed consent impossible. Five partners were recruited but

were not successfully enrolled in the SMS system due to technical issues. and 58 mothers

(25.2%) invited their partner but their partner was not enrolled. Since randomization occurred

independently of partner enrollment status, the breakdown between each group and control

or intervention arm was not completely equal. If a partner was enrolled, both members of

the couple received the same automated SMS messages. Twenty-one enrolled dyads shared a

mobile phone in which case there was only one number to send messages to (last column of

Table 5.1).
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Figure 5.1: System design for three-way SMS conversation in enrolled partner dyads. (1)
Automated messages from the system go to both partners. (2) Replies from either partner go
only to the system. (3) Replies from study staff by default go only to the original sender, but
message and response can optionally be forwarded to the other partner. This design allows
study staff to have confidential conversations with either partner.

5.4.4 Data Sources

In this paper, three primary sources of data were used for analysis: 1) self-reported demo-

graphic and technology use data taken from the enrollment questionnaires; 2) the content

and meta-data associated with the SMS messages stored in the system; and 3) notes from

field visits by the first and second authors as well as Skype calls and email logs between the

research team and Kenyan study staff.

During the study, a total of 11,469 SMS were sent or received (Table 5.2). The automated

weekly messages from the system, which were sent from the week of enrollment to 6 months

after delivery, accounted for 5176 of these messages (45.1%), participants sent 3575 (31.2%)

messages into the system, and the study staff sent back 2718 (23.7%) replies. For all of

these counts, duplicate outgoing messages sent to both the mother and father are counted as

one SMS. All mothers in the intervention group (ni=130) sent 3188 messages to the system.

There were 43 participants in the intervention arm who had their partner enrolled and did

not share a phone with him. These 43 women sent 1027 SMS messages to the system while

their male partners sent a total of 387.
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5.5 System Design

For mWACH XY the platform was adapted based on the version used in mWACH X. Two

major changes needed to be made to this existing system. First, the automated messaging had

to be modified to include family planning messages and messaging needed to change based on

any family planing methods initiated. Second, the system UI and back-end messaging system

needed to handle sending and receiving messages from both the mother and the male partner.

5.5.1 Semi-Automated Bidirectional Messages

There were 164 messages in the SMS bank, each of which was translated into English, Swahili,

and Luo (the dominant languages of the Nyanza region). Messages were adapted from

previously created SMS banks to focus on family planning concerns, misconceptions, and

needs. Six focus groups with women and men from the community surrounding the study

clinics found that both women and men felt that SMS conversations with a trained nurse

would help them talk as a couple about family planning.2 Informed by feedback from these

focus groups, previous SMS banks and the Theory of Planned Behavior [74, 7], specific family

planning messages were developed. These automated messages fell into three categories:

ANC Messages tailored to the expected due date (EDD) of each mother. These messages

started 14 weeks before EDD and included a mix of maternal health information – such as

emphasizing facility delivery or information on important danger signs – and general family

planning messages. For example, the message sent four weeks before EDD mentioned multiple

family planning methods:

{name}, this is {nurse} from {clinic}. There are many effective options for family

planning after you deliver, including condoms, pills, injection, IUCD (coil), and

implant. It is your choice – you can ask me or a nurse at the clinic about your

options. Is your partner supportive of family planning?

2A manuscript describing findings from the focus groups is in preparation.
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All messages were modified for participants with enrolled partners to address the couple. For

the above message ended with “Have you talked about family planning as a couple?” for the

partner enrolled group.

General Postpartum Messages based on the actual delivery date and addressing general

maternal health issues. The first few weeks after delivery these messages asked about any

challenges the parents may be having. By the fourth week, messages began emphasizing

family planning methods. Each week a different family planning method would be featured

with information about how it works and how often it would require clinic visits. Messages

in this phase also addressed specific misconceptions about different methods such as this

message sent nine weeks after delivery:

{name}, this is {nurse} from {clinic}. There are some myths in the community

about family planning. The injection does not cause infertility, so it is safe to

get the injection if you are planning more children in the future. What have you

heard about the injection?

Family Planing Specific Messages based on the date a couple started a family planning

method. These messages were developed for this study and required major changes to the

system so it could handle sending messages based on both the delivery date and family

planning initiation date. Six different family planning tracks were created based clinic

offerings – Pills, Injection, Implant, IUCD, Condoms, and Tubal Ligation. Once study staff

were notified via SMS that a participant began a particular method they needed to update

the system with her chosen method. At that point, tailored messages would start, beginning

with a congratulatory message. The first four weeks of each family planning track focused on

concerns and challenges associated with that method. For example the second week after a

mother received a contraceptive injection (a common family planning method that lasts up

to 12 weeks) both partners in the enrolled track received this message:

{name}, this is {nurse} from {clinic}. Did you both know that irregular menstrual

bleeding or no bleeding at all is normal and healthy with the injection?



70

Enrolled women Enrolled men Enrolled vs partners All women vs partners
Partner not invited Partner invited Partner enrolled

n n n n (paired)* (unpaired) **

Age 101 21 (19-25) 58 24 (21-29) 101 23 (20-27) 101 30 (26-35) <0.0001 <0.0001

Education 101 58 101 101 0.01 0.03
No secondary 29 (28.7) 19 (32.8) 40 (39.6) 37 (36.6)

Some secondary 18 (17.8) 15 (25.9) 20 (19.8) 9 (8.9)
Secondary complete 33 (32.7) 14 (24.1) 24 (23.8) 26 (25.7)

Above secondary 21 (20.8) 10 (17.2) 17 (16.8) 29 (28.7)

Income
Household 43 70 (25-150) 36 100 (52-175) 56 100 (50-150) 98 80 (50 – 200) 0.85 0.91
Individual 81 0 (0-40) 53 1 (0-50) 87 10 (0-50) 97 80 (40-150) <0.0001 <0.0001

ICT Access and Use

Airtime per week (USD) 100 100 (50-250) 100 100 (50-150) 58 100 (50-200) 99 200 (100-350) <0.0001 <0.0001
SMS sent per week 95 21 (7-50) 94 5 (3-20) 57 5 (2-10) 90 10 (3-30) 0.20 0.30

Used internet 101 40 (39.6) 101 34 (33.7) 58 23 (39.7) 101 68 (67.3) <0.0001 <0.0001
Used WhatsApp/Facebook 101 31 (30.7) 101 21 (20.8) 58 17 (29.3) 101 46 (45.5) <0.0001 0.001

Touchscreen 101 33 (32.7) 101 23 (22.8) 58 15 (25.9) 101 36 (35.6) 0.02 0.12

Table 5.3: Demographic characteristics and technology access by gender. For continuous
variables the median and interquartile range (IQR) are shown, for categorical the count
and percentage are shown. * paired t-test for continuous, McNemar test for binomial,
McNemar-Bowker test for multinomial. ** t-test for continuous, χ2 for categorical

After the first four weeks the frequency of family planning specific messaging was reduced

and participants received general maternal health message every other week. The automated

messages for all participants continued until 24 weeks (six months) after delivery. This

automated messaging schedule required the system to track delivery dates and family planning

start dates for all participants. Study staff at each clinic kept system data updated by

abstracting paper-based clinic records, talking with participants during study visits, and SMS

inquiries for participants in the intervention arm.

5.5.2 Adding Partner Messaging

A significant component of system development was to enable male partners participation in

the conversation. The process of modifying existing open-source SMS systems for three-person

group messaging in a health context is one contribution of this work. Group messaging over

SMS is common but it uses the Multimedia Messaging Service (MMS) extension which is

not available on third party SMS gateways in Kenya. This meant that we had to simulate

multi-party conversations by duplicating outgoing messages over a single shortcode on the
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SMS gateway.

The initial system designs intended the platform to replicate SMS or WhatsApp group

messaging as closely as possible. We explored the possibility of all messages from either

partner automatically forwarding to the other partner. This is very similar to Tangaza [137]

and other systems for efficient and cheap group messaging over basic phones. However, the

personal nature of health conversations and interpersonal relationship dynamics of a maternal

health messaging system require different assumptions than social or friend based group

messaging. Prior work has shown that when engaging pregnant women in open-ended SMS

conversations, it is not a question of if but rather when sensitive information will be shared

over SMS [150]. If women knew every message they sent would automatically be sent to their

partner it could deter some questions and constrain the conversation. Also, instantaneously

forwarding messages between partners could open the system up for abuse where a couple

could start using the toll-free shortcode for free SMSes between them. Although observing

this hypothetical emergent behavior would have been interesting, it is not within scope of the

study or the intended use of the system.

Our final design is best described as semi-automated group messaging. Figure 5.1 illustrates

the messaging flow for an enrolled couple when both partners have separate SIM cards. All

automated system messages were sent to both partners at exactly the same time each week.

From the participant’s perspective, the only indication that both members received the SMS

was the inclusive wording of messages. Replies from either partner went only to the system

and were displayed on the web interface in a single conversation thread – much like group

messaging on a smartphone. Study staff would then review, translate, and if necessary reply

to the message – deciding if the reply should go to only the original sender or both partners. It

was important to have the default be the lowest risk option and so by default the reply would

only go to the partner who sent the message being responded to. However, if appropriate

and if it would facilitate the conversation, the incoming message and outgoing reply could be

forwarded to the other partner. The web interface for the messaging system was designed to

seamlessly include the male partners. Incoming messages were color-coded by sender and
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icons next to the message clearly indicated if it had come from the mother or partner. When

study staff replied, toggle buttons indicated if an outgoing message would be sent to the

mother, partner, or both. The default action was to reply just to the sender of an original

message but with minimal extra work messages could be forwarded to both partners. This

feature was used quite often. Table 5.2 shows that study staff sent a total of 1119 messages

to participants with an enrolled partner. Of these messages 578 (51.7%) were sent to both

partners simultaneously while 354 (31.6%) were sent to the mother only and 187 (16.7%)

were sent to the partner only.

5.6 Participant characteristics

In this section we use responses from the extensive enrollment questionnaire to better

understand the demographic characteristics of participants as well as their prior experiences

with technology. The inclusion of 101 male partners offers an opportunity to compare baseline

technology use between women and men from the same community as well as within the

same household. This analysis helps to better understand the context of the intervention and

to inform the selection of technology for future projects. Previous work has indicated that

mobile phones and other technology amplify already existing gender differences [206]. It is,

therefore, important to understand who the participants are and their existing technology

use so that we can design mHealth solutions for greater equity and inclusion.

5.6.1 Basic Demographics

The basic demographic data in Table 5.3 reveals that within couple dyads and the population

as a whole, women and men had significant differences in terms of sociodemographic and

technology use characteristics.

First, the women were much younger than the men. The median age of women with

a partner enrolled in the study was 23, and the median age of enrolled men is 30. The

educational background of the women and men in the study also differed. While the percentage

of women and men who reported having no secondary education (33.8% and 36.6%) and
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having completed secondary school (27.3% and 25.2%) were both similar, only 8.7% of the men

reported having some secondary while 20.4% of the women did. This higher secondary school

dropout rate among women is a trend seen throughout Sub-Saharan Africa [172]. Median

household income was approximately 100 USD per month with no major differences reported

between the men and women. The median individual monthly income was 0 USD for the

women and 80 USD for the men. With a mean rural Kenyan household size of 4.4 [140], this

places our study population in the 1.3 billion people globally living on less than $1.25(USD)

per day.

The enrollment questionnaire assessed baseline technology use. We wanted to gain a sense

of what type of phone the study participants had, and how they used it. The bottom half of

Table 5.3 summarizes the technology access and use data. We see that the men were much

more likely to report having used the Internet as well as having used WhatsApp or Facebook.

As a proxy for determining if participants had a smartphone, we asked if their phone had

a touch screen or not and 27.3% of women said their phone had a touch screen compared

to 35.9% of men. These numbers are slightly higher than other work exploring women’s

technology use in Kenya [205], which may indicate how quickly cheap touchscreen phones are

being adopted. The last two columns of Table 5.3 display the outcome of paired statistical

tests comparing the mother and partner in each dyad as well as unpaired tests on the larger

population of all women to all enrolled men. Interestingly, while men reported spending

about twice as much per week on airtime, both men and women said they sent about the

same number of SMS messages per week. The only two variables that are not significantly

different between women and men are self-reported household income and number of SMS

messages sent per week. Taken together these demographic data indicate that data-based

services still haven’t reached the pockets of enough rural Kenyan women to be universally

available and SMS remains the most ubiquitous messaging platform for our study population.
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5.6.2 Phone Features and Use

We asked participants what features their phones had and which, if any, they used. In

Table 5.4 we show the percent of mothers whose phones had each feature. It is important to

note that numbers reported for features are a lower bound since participants might not be

aware of the feature. For all features a paired t-test shows significant difference between the

mothers and their partners. The only feature fewer men report having is a torch (flashlight) on

their phone – a surprising finding since this is a feature built into even the most basic phones.

This may be partially explained by the fact that more men reported having touchscreen

phones and the use of the camera flash as a torch is not as intuitive or discoverable as the

torch on more basic phones.

Having a phone with certain capabilities does not mean they are actually used. In our

data, the significant gender differences in features that participant phones had was amplified

when taking in to account the features that are actually used. In Figure 5.2 the percent of

participants who used (green/bottom), had but did not use (yellow/middle), and did not

have (blue/top) is shown. The only truly universal feature is SMS, with 100% of both women

and men saying their phone has SMS and around 90% of all groups saying they use SMS.

Enrolled women Partner
Not invited Invited Enrolled

na n = 101 n = 58 n = 101 n=101

Torch 92.1 98.3 90.1* 79.2
Radio 80.2 89.7 83.2** 95.1

Play Music 70.3 74.1 72.3* 84.2
Take Pictures 59.4 46.6 60.4* 73.3
Show Videos 42.6 20.7 37.6** 62.4

Multiple SIMs 36.6 39.7 34.7** 51.5

Table 5.4: Percentage of participants self-reporting phone feature use at enrollment based
on partner enrollment status. For enrolled participants significant p-values for paired t-test
comparing enrolled mothers and partners are indicated at **p<0 .01, *p<0.05.
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Figure 5.2: Phone feature use among participants. Percent of participants who used (bot-
tom/green), had but did not use (middle/yellow), and did not have (top/blue) each phone
feature. Participant categories: (n) mothers with partner not enrolled, (e) mothers with
enrolled partners, and (p) partners.

Large gender divides in both access and use existed for the other features. For example

around 90% of participant phones support FM radio; however, only about 60% of women

reported using radio on their phones while almost 90% of the men did. The large fraction of

phones capable of playing FM radio demonstrates an important non-data enabled multimedia

function mobile phones served for our study population. Large gender differences in actual

use also existed for playing music, taking pictures, and watching videos. Lastly, the number

of participants who reported using multiple SIM cards, for both women and men, was greater

than the number of participants who said they had a dual SIM phone. This suggests that

many people were switching SIM cards to get the best deals on phone calls. It should be

expected that at least a quarter of the participants will have multiple phone numbers and

the system should account for this.

5.7 Measuring Male Engagement

Two primary research questions were (1) how men’s use and involvement in family planning

conversations would be similar to or different from mothers’; and (2) if inclusion of male
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partners affected the participation of mothers in any way. In this section we attempt to

answer these two questions. First, we analyze statistics of system use to see how responsive

partners were and if their inclusion changed the overall participation of the mothers. Second,

we examine the content of the messages and highlight interesting and novel interactions with

the system. The major takeaway from this analysis is that, as expected, male partners engage

less with the system than women. However, when men do engage, it is in almost exactly the

same manner as the women.

5.7.1 Quantifying Engagement

Of the 52 men enrolled in the intervention group, nine shared a phone with their partner,

and so did not receive individual messages. The remaining 43 male partners sent a total of

387 messages with a median of 7 , IQR(3 - 13). This is drastically less than 130 women in

the two-way group who sent a median of 20 IQR(10 - 38) messages.

The cumulative frequency plot in Figure 5.3 shows the number of messages each percentile

of male partners and mothers sent. A larger proportion of male partners sent fewer messages,

with 55% sending less than five messages. The maximum number of messages sent by a male

partner was 43 and the graph shows that 10% of men sent more than 20 messages while 60%

of women sent more than 20 messages. The number of messages sent by mothers with a

partner in the study and mothers without a partner in the study did not differ.

While it is clear that the men engaged less than the women, an important follow-up

question is: which men engage? Are the men who engage the most the partners of mothers

who send the most SMS messages? In only eight instances does the male partner send more

messages than his female partner. We found that there was no correlation between the

number of messages sent by the female and male partner in each couple (r=0.14, p=0.38).

It was also possible that including male partner would decrease the mother’s engagement.

To understand this we compared the total number of messages sent per mother based on the

partner’s enrollment status (not invited, invited, and enrolled) Table 5.5 shows the proportion

of each group that responded at least once, as well as the median number of SMS sent for
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Figure 5.3: Cumulative frequency of SMS messages sent by mothers (grouped by partner
status) and the enrolled men. Only 10% of men send more than 20 messages while 50% of
women do.

the whole study period. A majority of both men and women engaged at least once with

the system. Of all mothers, 123 (94.6%) sent at least one message into the system and 38

(88.4%) men sent at least one SMS (second column of Table 5.5). More importantly, if we

look at each couple as a whole, then 100% of dyads sent at least one message to the system.

Thus, including the male partner engaged more households than would otherwise be included

in the conversation. The unequal variance t-test between the number of messages sent by

mothers in the enrolled group and others was calculated. There was no significant difference

between mothers with an enrolled partner and the other groups of mothers. Including the

male partner in the conversation, therefor, does not change the frequency with which any

mothers engage. However, comparing mothers with an enrolled partner and their partners,

there is a highly significant difference in engagement, with men sending 37.7% as many

messages as the women.

Another way to analyze engagement is from the time interval between when the system
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ni
Active
(n / %)

Total SMS
median (IQR) p

All Mothers 130 123 (94.6) 20 (9.25 - 38) 0.84
Not Invited 49 47 (95.9) 23 (14 - 40) 0.38

Invited 38 34 (89.5) 15.5 (1.3 - 37.3) 0.58
Enrolled 43 42 (97.7) 21 (13.5 - 32.5) ref
Partners 43 38 (88.4) 7 ( 3 - 13) <0.0001
Couples 43 43 (100) 33 (18 - 41) ignore

Table 5.5: SMS engagement by individuals and couple dyads. Active (column 2) is a count of
participants who sent at least one message at anytime during the study. In the Total SMS
column the median and inter-quartile range are given.

or study staff sent an outgoing message and the system receiving an incoming message.

Of the 5176 outgoing system messages, 2040 (39.4%) were replied to within seven days

by either the mother or partner. Figure 5.4 plots, on a log scale for time, the cumulative

distribution function (CDF) of response times for all messages from the mothers and partners.

Unexpectedly, the curves for both women and men are exactly the same. Within one hour of

sending messages out about 60% of replies were received. The fact that all of these curves

are identical means that 1) even though the women have less ICT access they can be thought

of as being online with regards to SMS and 2) even though the men do not engage with the

system as much as women, when they do, it is within the same timeframe as the women.

5.7.2 Participant Conversations

As we have shown, even though the male partners participated less in family planning SMS

conversations, when they did participate it was in much the same way as the women. The

next question asks with what content did the men engage? Throughout the study, every

incoming message was processed by study staff and categorized by topic. The topic of a

message cannot be determined from the SMS content alone, but requires knowing the context

of the messages that preceded it. For example in the following message exchange:
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Figure 5.4: Response times between an outgoing message and an incoming message on a
logarithmic time scale. Results are broken down by partners, mothers with enrolled partner,
and mothers without an enrolled partner.



80

System Both 06-01 8:01 – Spacing pregnancies by 2 years promotes health

for mothers and babies. Have you talked about when to have another child as a

couple?

Partner 06-01 8:24 – yes

Mother 06-01 12:14 – Yes, not less than 5 years

The single answer reply from the partner would be classified as family planning since

it engages with a family planning related system message. Figure 5.5 shows the topics of

messages sent by partners and mothers. It is apparent that the men and women engage in

very similar topics and at basically the same frequency. About 70% of messages from both

mothers and partners are evenly split between family planning and maternal health. While

not surprising (more than half of the messages we set out were about family planning), this

was by no means guaranteed. This shows that the primary use of the system was centered

around the two intended topics. The fact that all participants engaged in the primary topic

the system was intended for is encouraging. Messages in the ‘other’ category tended to be

about the study or unrelated health concerns.

What exactly did the participants talk about? Were the only responses to the automated

questions short Yes/No answers, or did the men engage in substantive family planning

discussions and address real concerns? One, admittedly rough, estimation of engagement

is message length. We found that over 77.3% of messages were ten characters or longer,

which indicates more engagement with the system than Yes/No replies. For the mothers

76.7% of their messages were longer than ten characters, whereas for the male partners,

81.6% of messages are longer than ten characters. We now present a few examples of longer

messages and interesting SMS conversations involving male participation in the study. This

first example demonstrates how the system enabled a multi-party conversation between

the system, study nurse, and both partners. This conversation took place in Luo and was

translated by study staff into English. It starts with a generic infant care question three

weeks after delivery:
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Figure 5.5: The topic of incoming messages by group. All mothers and partners engage with
the SMS system around the same topics and at the same frequency.

System Both 11-07 14:01 – Please ask us if you need any information. We

are here for you and your baby. Are you having any challenges?
Later that evening the partner replies:
Partner 11-07 18:23 – Mama {name} and I are doing fine, although for the

baby he has difficulty when passing stool, he can pass stool once in a week, so I

don’t know where the problem is!
And then the next morning the mother asks two family planning related questions.

Mother 11-08 10:45 – if i use the coil are there any problems?
Mother 11-08 10:55 – if you want to insert the coil is it a must you come with

your husband
It is interesting that the mother brings up contraceptive use on her own even though the

most recent system message did not talk about family planning. Participants often did not

reply directly to the content from the automated system and clearly saw the SMS exchange

as a general maternal health resource.

The next day the study staff arrive at the hospital and begin to respond to messages. The

important question from the partner is forwarded to the mother so she is also aware of the
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conversation. Next the study staff answer both questions.
Nurse 11-08 11:34 Mother – Hi {name},if you want to be inserted for the

coil it is not a must you come with your husband, but if he has time he can

accompany you. you will experience cramps during menses and during the first

few days.

Nurse 11-08 11:37 Both – Hi {name}, have you started giving the baby other

food and fluids apart from breast milk?
The first answer about not needing to come with your husband to get an IUCD is sent just

to the mother. The second question asking about other foods is a response to the partner’s

question and sent to both mother and partner. Within 20 minutes the mother replies to the

nurses question about having other foods.

Mother 11-08 11:52 – until 6 months is when he will start taking other fluids

This example illustrates how complex the multi-conversation messaging can get. Including

the forwarded message, the mother received three messages from the system in less than five

minutes and they were out of order for a natural conversation. However, this did not stop

her from understanding and replying.

This next example demonstrates why it is important for the system to not automatically

forward messages between the partners. In replying to an automated message about family

planning, one mother asked if it was possible to do family planning without your husband

knowing.

Mother – can you do family planning without your husband knowing?

Nurse – yes you can, if he does not approve of family planning and you really

want to use it.

Mother – i will soon come alone

The study nurse also used the ability to have a conversation with just one partner to talk

with the men about sensitive issues. For example in the following exchange a partner asked

about family planning methods that are applicable to men only. This exchange took place in

English and with the exception of names is represented exactly.
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Partner – Hi can you tell me a method of family planning that is applicable to

men only

Nurse – hello {name},for now men can use condoms and vasectomy, although

this is an irreversible method.it can be used when you feel you have had enough

children and you need a permanent family planning method.
They then go on to exchange three more messages about the details and side effects of a

vasectomy.

When analyzing the messages sent with the male partners’ phones, we observed 12

messages that were clearly sent by the mother such as this one:
Partner – i feel like my tummy is heavy and the baby is not moving,blood builder

medicines that i was prescribed for i have not yet bought,that is where i need

help.
For many of the messages it is impossible to know who is actually sending the message,

but the use of first person to describe the pregnancy clearly indicates that this message from

the partner’s phone was written by the mother. This sharing of the phone may also have

happened in the other direction as well (i.e., the partner was responding on the mother’s

phone number) but coding all 3188 messages individually was beyond the scope of this

analysis so it is unclear how commonly this occurred.

5.8 Discussion

A central paradox of all ICTD behavior change work is that the people that most need

outreach are also those with the least access to ICTs. It is important to choose the correct

technology and medium based on the target population and demographics. Like most of

Sub-Saharan Africa, the women in our study had limited access to data-enabled services and

smartphones. It might be tempting to create a WhatsApp or Facebook messaging application

since both channels offer the developer more features. However, only 27% of women in

our study said they had used either service. Slightly more men (45%) reported using these

data-enabled services – but that still means we would be reaching less than 50% of the

population. Our data show that every single phone is capable of sending and receiving SMS
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messages and, more importantly, the weekly use of SMS between genders was basically the

same prior to the study. By choosing to use toll-free SMS as the communication channel

for this intervention we were able to reach and engage the mothers. Any M4D project that

plans on reaching end users needs to have an SMS or IVR fall back even if it uses data

enabled channels for some users. This makes the intervention scalable across the technology

requirements and needs of the whole population.

The use of toll-free SMS messaging means that the cost of messaging must be paid by the

provider – in this case the research team, but if a similar service were to be scaled up an NGO

or the Ministry of Health would need cover the messaging cost. Previous work with IVR has

shown that as soon as an intervention stops using a toll-free number usage significantly drops

off [197]. No one has replicated this study in SMS, but requiring participants in our study to

pay for SMS messages would likely reduce engagement. However, with SMS, the toll-free costs

are nowhere near as large as in an IVR system. The monthly $150 USD cost for the short

code was fixed regardless of how many messages we sent and at $0.007 USD per message

$100 USD would send over fourteen thousand messages. With SMS the communication cost

is not a prohibitive factor to scale.

One aspect of the system that is difficult to scale is the need to the synchronize internal

variables that drive messaging with each participant’s current status. This is a major challenge

in the design and implementation of automated messaging platforms in M4D. For a small

RCT such as ours, this was manageable with a dedicated staff – but if a maternal health

platform scales to an entire district or nation, then simple and easy data collection methods

need to be deployed. For example, MomConnect in South Africa has community health

workers register pregnant women over basic USSD menu systems [176]; however, there has

been little work analyzing the accuracy of this approach and how well it captures future

events such as deliveries.

Since male engagement was not randomized it will be impossible to know for certain if there

are any causal effects of male partner inclusion in the family planning conversation. However,

our findings indicate that at the very least involving male partners does not negatively impact
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the conversation held by women and actually engages more households. The inclusion of

men in family planning messaging raises several interesting questions. First, how do we know

if the limited engagement we did see from the men is typical, or should we expect more

engagement? Male partners in Kenya typically do not attend prenatal clinic sessions. With

few points of contact with the health system it becomes more difficult to enroll male partners

in the SMS platform. In our study we conducted home visits to reach the partners but if this

were to scale up to the district or national level home visits quickly become impractical. A

similar question for the women is how does a health system engage with them before they

come in pregnant? Family planning knowledge and agency might be more useful before a

pregnancy than after. One solution to both of these problems is to have an opt-in SMS

platform such as m4RH. This raises questions of equity and access, since those who learn

about and contact the system are often less likely to need the information.

Maternal health outreach and engagement is a common goal of mobile health (mHealth)

projects for development. Male partners of pregnant and postpartum women are known to

be important influences on their health behavior. This chapter presented a novel extension

to previous HCI4D research by exploring how to engage male partners in SMS-based family

planning conversations. First, we explore design considerations for inclusion of male partners

in an existing semi-automated bidirectional SMS platform. A 12-month randomized controlled

trial of a family planning counseling SMS program was conducted in western Kenya using our

system. A total of 260 pregnant women and 101 of their male partners were enrolled in the

system. We analyze enrollment and usage data from this trial to compare baseline technology

use and demographics of mothers and their male partners. Our findings demonstrate significant

technology gender divides in the study population. Finally, we explore how both the mothers

and their male partners interacted with the SMS system through an analysis of over 11,500

messages. We conclude that it is feasible to include rural Kenyan men in an SMS-based

family planning discussion program and that their inclusion does not dramatically affect the

mothers’ engagement.



86

Chapter 6

LONGITUDINAL ANALYSIS OF ENGAGEMENT IN MWACH X

The ICTD and Global Health space suffers from an acute case of pilotitis [73] where

projects are continuously started but never transitioned to scale. Even the most rigorous

of these short-lived projects will only report summary statistics of system utilization and

engagement. For example Figure 3 in the original WelTel paper [113] shows the proportion of

weekly SMS responses that are Sawa, Shida or no response.

While useful for understanding overall system usage, such graphs do little to inform the

design and implementation of future projects. For example are the sample participants always

failing to respond? If so this would indicate that maybe the service should be changed for

that subset of the population. Or how many people stop receiving both SMS messages and

phone calls – indcating their SIM card has changed.

In this chapter I present an in-depth analysis of participant engagement and system

performance during the mWACH X study. This was our longest study with over two years

of postpartum messaging enabling a look at messaging trends over time. The goal of this

analysis is to understand the complexity of engagement with the system and use of mobile

phones by the study population. The data includes all messaging activity from the start of

the study in November 2015 through the end of May 2019. With over two years of messaging

for participants, this longitudinal analysis offers important insights into the sustainability,

utilization, and effectiveness of SMS projects.

6.0.1 Data Used For Analysis

There are two primary data sources for this analysis. First, baseline demographic data were

obtained during an extensive enrollment questionnaire. This enrollment form had over 900

questions, although the use of skip-logic meant that many were only asked if certain criteria
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where met. The technology subsection of the enrollment form included 38 questions on

current and past technology use which forms the core of this analysis. At enrollment form

exists for all 824 participants in the study and there was only minor differences between the

three study arms at base line (in employment and previous number of pregnancies).

Second, the mWACh platform provides a rich source of system level meta-data. The

system records the delivery status for each message sent. Starting in November 2016 these

delivery reports were collected in real-time so the time to deliver a message could be calculated.

Delivery reports only record if a message successfully reached the intended mobile phone, not

if the message has been read. This is equivalent to the two gray checks on WhatsApp – there

is no equivalent of the blue checks showing the read status. The system can also report the

response time and response rates for each participant. Aggregating these statistics over the

entire study for each participant reveals longitudinal trends that shorter pilot studies fail to

explore.

6.0.2 Measuring Participant Engagement

In order to understand who does and does not utilize a platform like mWACh, we must first

define a measure of engagement. The naive approach to this would be to simple use the

response rate, like so:

response_rate =
messages_incoming
messages_outgoing

However, should all outgoing messages be used or just the system messages (i.e. skip messages

from the study nurse)? Similarly, should all incoming messages be counted or just those sent

within two days of a system message? Should we also remove the visit messages which are

sent outside of the usual message day? Additionally, as defined, the response rate can be

over 100% if a participant sends in more messages than they receive.

A better measure of engagement with the system is the percent of weeks active. This is

the number of weeks a participant has sent at least one message divided by the total number
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of weeks in the study:

percent_active =
weeks_active

weeks_in_study
This measure of engagement represents how frequently an individual interacts with the system.

However, now someone who sends a single message to the system on three weeks and someone

who sends five messages to the system on three weeks has the same level of engagement. As

we will see, the vast majority of interactions with the system involve just one participant

message (though a larger fraction of system messages result in no interaction at all). Still, a

measure of interaction intensity is useful. For this we will use messages per week:

messages_per_week =
messages_incoming
weeks_in_study

The last measure of system engagement is the percent of successfully delivered messages.

percent_derived =
successfully_messages
total_system_messages

I refer to this metric as system engagement since receiving SMS messages successfully requires

either keeping the same SIM card or updating the system with a new phone number. However,

message delivery is a passive form of engagement where as weeks active requires an action on

the part of the participant. Messages from the study nurse are excluded because they are

only sent in reply to incoming messages and as is shown later in this chapter have a high

success rate.

6.1 Baseline Demographics

Before analyzing how participants used the mWACH platform in this study it is important

to understand who the participants are. A total of 824 pregnant women were enrolled in

the system randomized 1:1:1 into the control, one-way, and two-way arms. The analysis in

this section includes participants from all three arms since no interaction with the system

is required. Using the total participant pool rather than just the 276 in the two-way arm

makes this analysis more representative. This subsection breaks the baseline demographic

data down by region within Kenya and by whether or not the participant has a touchscreen
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phone (used as a proxy for a ’smartphone’).

The mX project recruited participants from four sites in Western Kenya (Ahero, Bondo,

Rachuonyo, Siaya) and two sites in outskirts of Nairobi (Mathare and Riruta). Figure 6.1

shows the location of all sites within Kenya. In general the peri-urban location of the Nairobi

sites means there is more access to technology and health services. Initially, mX started at

only three sites: Ahero and Bondo in Western Kenya, and Mathera near Nairobi. Due to slow

enrollment the other three sites were added after one year. The original three sites account

for 68.3% of participants and are the ones I am most familiar with.

The complete breakdown of total participants and two-way participants per site is shown

in Table 6.1. Basic summary statistics of incoming and outgoing SMS counts for the two-way

group are also shown. A total of 39,993 outgoing system messages were sent with a median of

155 (IQR = [135 - 165]). The system received roughly a quarter as many incoming messages

from participants and there was much more individual variance in participant messaging.

In total 10,122 incoming messages were received with a median of 23 (IQR = [4,53]). The

two Nairobi sites have a total response rate of 35.6% which is higher than the Western sites

response rate of 25.3% (p=0.0004 ind ttest).

Interestingly, study nurses reply to a higher percentage of participant messages in the

Eastern sites (70.1%) than at Nairobi Sites (55.3%). There are many hypotheses for this

difference in nurse replies from the two areas. First, it could be that since the Nairobi sites

have a higher participant response rate, more incoming messages there are trivial replies not

requiring a response such as "Thanks" or "I am doing well". Alternatively this difference

could just be due to variations in how individual nurses choose to reply or not.

The enrollment interview questions also showed some regional differences in basic de-

mographic data and technology access. Table 6.2 breaks down the age, educational level,

and monthly income. Overall, the median age at enrollment was 27 (IQR 23–31) and the

median number of years spent in school was 9 (IQR 8–12). The proportion of participants

who answered questions about income was much smaller than for age and education. Of the

527 (64.0%) participants who gave their total household monthly income the median was
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Figure 6.1: Map of Kenya with the six study sites starred. Two sites are on the outskirts of
Nairobi and the other four in Western Kenya near Kisumu. Map from Nations Online Project

https://www.nationsonline.org/oneworld/map/kenya_map2.htm
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Location n Two-Way System Participant % Response Nurse % Response
Ahero Western 164 55 8530 1399 16.40 1138 81.34
Bondo Western 171 57 8666 2229 25.72 1398 62.72
Rachuonyo Western 120 39 5931 912 15.38 704 77.19
Siaya Western 63 21 2894 614 21.22 372 60.59
Mathare Nairobi 228 76 10184 3566 35.02 2198 61.64
Riruta Nairobi 78 28 3788 1402 37.01 551 39.30
Total — 824 276 39993 10122 25.31 6361 62.84

Table 6.1: Breakdown of enrollment (n) and total messaging numbers by study site. The
total number of messages System, Participant and Nurse mesages are only for Two-Way
participants at each site. Response rates are simple fractions based on messaging totals.

$80 (USD) (IQR 40–150). More participants – 636 (77.2%) – gave their individual monthly

income and this with a median of $20 (IQR 0–50) was significantly lower than household

monthly income.

All demographic data in Table 6.2 is further broken down into sub-groups based on the

region (Western or Nairobi) and whether or not the participant had a touchscreen phone at

enrollment. Touchscreen ownership acts as a proxy for smartphone ownership – since asking

if your phone has a touchscreen has an unambiguous meaning and maps almost perfectly to

smartphone ownership. It was chosen as a metric to split the participants because having a

smartphone dramatically changes what your phone can do. For each statistic and variable a

t-test was conducted to determine if there were significant differences between the groups.

Participants in the Nairobi do not differ from the Western area in age, but do have slightly

more years of education and a higher monthly household income with median of $100 USD

vs $60 USD (p = 0.001). However, the cost of living is most likely higher in Nairobi as well

so what this difference means in standard of living is unknown. Splitting the demographic

data based on touchscreen ownership also shows a significant difference based on years of

education and household income but not age.

Besides basic demographic data, the enrollment questionnaire also included baseline

technology use which is summarized in Table 6.3. Overall the median number of SMS

messages sent and received each week is 5 while the median amount spent on airtime each
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n All n Nairobi n Western p n Touchscreen n No Touchscreen p

Age
(years) 824 27 (23-31) 306 27 (23-31) 518 27 (23-31) 0.51 207 27 (23-30) 617 27 (23-31) 0.95

Education
(years) 822 9 (8-12) 305 10 (8-12) 517 9 (8-12) 0.03 207 12 (10-13) 615 8 (8-11) <0.00001

Income (USD)
Household 527 80 (40-150) 199 100 (50-160) 328 60 (30-133) 0.001 130 120 (70-200) 397 60 (30-120) <0.00001

Income (USD)
Individual 636 20 (0-50) 272 15 (0-62.5) 364 20 (82-50) 0.15 165 40 (0-90) 471 15 (0-50) <0.00001

Table 6.2: Basic demographic baseline data for all participants split based on location (Nairobi
or Western sites) and having/not having a touchscreen. For each data point the p-value from
a t-test is given.

week is $0.50 (USD). The most surprising finding from our baseline data is that just 5.8%

of participants report having used an IVR system. We knew that participants would be

unfamiliar with the term IVR so the question tried to explain what an IVR system was. The

English version of this question was: "Have you ever used an interactive voice (IVR) system,

such as using your phone to give information to banks or companies without having to speak

to a person or responding to a survey on your phone by pushing buttons?" The extraordinary

low number reporting IVR use is surprising in the context of the many IVR based ICT4D

projects [98, 197, 122] and large NGO projects such as Viamo’s 3-2-1 service []. However,

in Kenya where literacy rates are high, the language uses a Latin based script, and SMS is

cheap most companies will use text based communication channels such as USSD or SMS.

Only 22.0% of participants report having used the internet and 25.1% have a touchscreen

phone. Again each metric is split into groups based on region within Kenya and touchscreen

ownership. Comparing the Nairobi sites to Western sites there is no observed difference in

how much airtime per week participants use or the number of SMS messages per week they

send. However, significantly more participants at the Nairobi sites report having used the

internet (32.7% vs 15.6%), used Facebook or WhatsApp (35.0% vs 13.1%) and a touchscreen

(43.5% vs 14.3%).

The right most columns of Table 6.3 split the participants technology baseline data by

touchscreen ownership. For all metrics there is a significant difference between smartphone
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n All n Nairobi n Western p n Touchscreen n No Touchscreen p

Airtime pwk (USD) 796 0.50 (0.50-1.00) 305 0.50 (0.50-1.00) 491 0.50 (0.50-1.00) 0.62 199 1.00 (0.50-2.00) 597 0.50 (0.50-1.00) <0.00001
SMS Sent pwk 659 5 (2-10) 278 5 (2-15) 381 4 (2-10) 0.17 175 10 (3-20) 484 4 (2-10) 0.001

SMS Received pwk 653 5 (3-10) 279 5 (3-15) 374 5 (3-10) 0.67 177 10 (4-20) 476 5 (3-10) 0.01
Had Phone (yrs) 792 5 (3-7) 304 5 (3-7) 488 5 (3-7) 0.05 203 6 (4-9) 589 5 (3-7) <0.00001

Used Internet (yrs) 824 181 (22.0%) 306 100 (32.7%) 518 81 (15.6%) <0.00001 207 109 (52.7%) 617 72 (11.7%) <0.00001
Used WhatsApp/FB 824 175 (21.2%) 306 107 (35.0%) 518 68 (13.1%) <0.00001 207 126 (60.9%) 617 49 (7.9%) <0.00001

Used IVR 824 48 (5.8%) 306 7 (2.3%) 518 41 (7.9%) <0.00001 207 20 (9.7%) 617 28 (4.5%) <0.00001
Touchscreen 824 207 (25.1%) 306 133 (43.5%) 518 74 (14.3%) <0.00001 207 207 (100.0%) 617 0 (0.0%) —

Table 6.3: Baseline technology use data for all participants split based on location (Nairobi
or Western sites) and having/not having a touchscreen. For each data point the p-value from
a t-test is given.

owners and feature phone owners. The median amount of airtime spent per week by

smartphone owners is $1.00 USD, which is double what non-smartphone owners spend.

Similarity the median number of SMS sent per week by smartphone users is 10 vs 4 for

non-smpartphone owners. Internet use is 52.7% vs 11.7% in favor of smartphone users and

Facebook or WhatsApp use is 60.9% vs 7.9%. Having a smartphone is a clear indicator of

more technology use. The question is how this prior experience with SMS and the internet

effects engagement with the system during the study.

One important finding from the baseline technology questions is on what sharing a phone

means in this context. Previous research has shown that phone sharing is an important part

of technology access in low resource settings [173]. For this reason we asked participants if

they shared their phone and if so, who had it for most of the day. Figure 6.2 shows that the

majority (70.3%) do not share a phone. The surprising finding is that half of those who do

share a phone report that they have access to the phone all day and that very few shared

phones are left at home but rather act as someones personal phone. The implications of this

are that someone who shares a phone, but is the primary user would engage with the system

in a similar manor to someone who doesn’t share a phone.

6.1.1 Comparing Mobile Services

There are four main ways of creating a mobile based service: USSD/SIM App, SMS, IVR,

and data/Internet. For these purposes I am grouping USSD and SIM App’s together because
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Figure 6.2: Phone sharing breakdown. At baseline 70.3% of participants do not share a
phone. Of those that share their phone 16.9% say that they primarily have access to the
phone all day.

from a user perspective they offer similar text based menu features, although SIM Apps can

integrate more closely with the phone. In Kenya the most popular SIM App is the Safaricom

mobile money system mPesa which has near universal adoption. mPesa is the only service

that has the same adoption rates at the Nairobi sites and Western sites, as seen in Figure 6.3.

At the Nairobi sites 87.9% of participants report sending at least one SMS a week while

at the Western sites only 69.4% do. Internet use is similarly skewed with 32.7% of Nairobi

participants having used it and only 15.6% of Western participants saying the same. IVR use

is also significantly different but in the opposite direction with 2.2% of Nairobi participants

saying they have used IVR and 7.9% of Western participants reporting they have used IVR.

One explanation for this difference is that a common reason to use IVR is when someone has

SIM card issues or is locked out of their mPesa account. In Nairobi this can be fixed by a

visit to the Safaricom shop, but in Western Kenya a call is easier.

Figure 6.4 looks at these same four services by touchscreen ownership. Here the universality

of mPesa, SMS, and IVR stands out as there is no significant difference in use between

smartphone owners and feature phone owners. However, five times as many smartphone

owners report using the internet (52.6% vs 11.7%). Taken together the low overall internet

use and high SMS use indicates that SMS is an appropriate medium for reaching the target
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Figure 6.3: Comparison of baseline data for mPesa, SMS, Internet, and IVR use between
participants at Nairobi and Western sites. (* p<0.01 ** p<0.00001)

audience of pregnant women in Kenya.

6.1.2 Comparing Mobile Phone Features

Looking beyond just phone services we also have data on the specific features participants

phone have and whether or not they use them. Figure 6.5 and Figure 6.4 show the breakdown

of these features by region and touchscreen ownership. The only feature that is not significantly

different in either case is radio usage with around 70% of participants reporting using their

phone for radio regardless of region or type of phone. In light of these findings and similar

results from MXY in Chapter 5, there is a surprising lack of ICTD research published on

radio use on mobile phones in sub-Saharan Africa.

The regional phone feature comparison in Figure 6.5 shows videos, games, and Face-

book/WhatsApp are all used by less than 50% of participants with the Western sites having

significantly lower usage. Around 50% of participants use their phones for photos and music

again with the Western sites having significantly lower usage. Over 75% of participants use

their phone as a flashlight with more participants at the Western sites reporting this use.
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Figure 6.4: Comparison of baseline data for mPesa, SMS, Internet, and IVR use between
participants with and without a touchscreen. (* p<0.01 ** p<0.00001)

Figure 6.5: Comparison of baseline use of specific phone features between participants at
Nairobi and Western sites. Non-use of a feature does not mean the phone does not have that
ability. (* p<0.01 ** p<0.00001)
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Figure 6.6: Comparison of baseline use of specific phone features between participants with
and without a touchscreen. Non-use of a feature does not mean the phone does not have that
ability. (* p<0.01 ** p<0.00001)

The touchscreen phone feature comparison in Figure 6.6 shows a large difference in

feature use between touchscreen owners and non-touchscreen owners. For example, 78.7% of

touchscreen owners say they use their phone for photos but only 31.0% of non-touchscreen

owners say they do. This is a clear example of the increased functions that a smartphone

provides around additional apps and data. It is possible to take basic photos, listen to music,

or watch small videos on a feature phone – but all are much easier on a smartphone. Again,

a major exception of this is SMS since the touchscreen service use breakdown showed little

difference in SMS use.

6.2 System Statistics and Analysis

6.2.1 Messaging Overview

This section presents a longitudinal analysis of system performance and engagement for

mWACH X. The two-year duration of messaging provides a unique opportunity to observe
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how interactions change over time. All data for this section comes from information the

system has recorded about each message sent or received from the start of the study through

May 2019. In the previous section Table 6.1 showed overall message totals by site, however

there is a large variation in how participants interact with the system. This variation can

be seen in the CDFs in Figure 6.7 which show the distribution of total number of system,

nurse, and participant message sent or received by each mother in the study. The automated

system messages account for most of the messaging with 97% of participants receiving more

than 100 messages. In contrast the median number of messages sent by participants was 23

and 26 participants (9.4%) sent zero messages. However, the top 10% of participants send

more than 93 messages with the most active participant sending 236 messages.

The key insight that the CDF in Figure 6.7 shows is that stark difference between the

bottom 10% of participants who sent almost no messages and the top 10% who send almost 100

messages each. The goal of the following analysis is to better understand these different usage

patterns. Instead of using total number of messages, a more useful metric is weeks_active

since participants can be in the study for a variable amount of time.

Using weeks_active treats someone who sends multiple messages a week the same as

someone who sends one message a week. This is a reasonable approximation since most

engagements with the system involve just one or two participant messages. Table 6.4 shows

the number of system messages based on participant responses. Of the 39,993 system messages

32,794 (82.0%) receive no response and 5,546 (13.87%) receive just one response. Half of

the remaining 4.13% of messages generate two participant messages with a long tail of

longer conversations. From Table 6.4 it is clear that longer participant conversations are the

exception, not the rule.

Besides weeks_active the second metric of engagement I will use is percent_delivered

which is a measure of how many messages successfully reached the participant’s phone. This

data comes from SMS delivery reports which can be enabled through the Africa’s Talking

API. A delivery report means that the SMS has reached the mobile phone – not that the

SMS has been read.
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Participant 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 total

Count 32794 5546 1037 340 138 56 21 25 14 7 5 4 2 1 2 1 39993
Percent 82.00 13.87 2.59 0.85 0.35 0.14 0.05 0.06 0.04 0.02 0.01 0.01 0.01 0.00 0.01 0.00 1

Table 6.4: Breakdown of number of participant messages in response to each of the 39993
outgoing system messages sent. 82.0% of system messages have no participant response while
13.87% have a single participant response and 2.59% have two messages from a participant.
There is a long tail of longer conversations.

Figure 6.8 shows a CDF of both metrics of engagement. The blue line is percent_delivered.

A flat line at 1.0 would represent 100% of messages being delivered. Overall 73.4% of messages

were successfully delivered, but there was a large variance in individual success rates. From

the curve we can see that 20% of participants received less than 50% of their messages while

50% of participants receive at least 83% of messages.

The lower red line in Figure 6.8 shows the CDF of percent weeks active. No participant

is active for 100% of weeks they were in the study, but three participants were active for

over 90% of weeks – meaning they sent messages into the study for over 100 weeks. These

participants were extreme outliers the 90th percentile of weeks active is 48% and the median

is 13%. With over two years of messaging being active for 13% of the time represents around

14 weeks of interacting with the system.

A natural next question is: what, if any relationship exists between weeks_active and

percent_delivered. Figure 6.9 plots weeks_active vs percent_delivered and shows no clear

trend. However, percent_delivered is a clear limiting factor for weeks_active. Participants

with a low percent_delivered also have a low weeks_active. The reverse is not always true

– there are participants who received all of their messages but are never active. The main

conclusion from Figure 6.9 is that message delivery is necessary but not sufficient for actively

engaging with the system.
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Figure 6.7: CDF of SMS totals for the two-way group. Only 3% of participants received
fewer than 100 system messages. The median number of participant messages is 23 and the
top 10% sent more than 93. A total of 26 (9.4%) participants sent zero messages.

Figure 6.8: CDF engagement calculated as both message success and weeks active for
two-way group. A flat blue line at 1.0 would represent 100% of messages delivered. The
median of message delivery is 0.83 and the median percent of weeks active is 0.13. For context
a weeks active ratio of 0.5 represents being active for over 52 weeks.
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Figure 6.9: Relationship between percent of system messages delivered and percent of weeks
active. No participant is active for more weeks than they successfully receive system messages.
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Figure 6.10: Total number of messages per week from the start of the study (Nov 2015)
through the end of May 2019. This count includes all outgoing messages (system + nurse).

6.2.2 Message Error Rates

An SMS sent over Africa’s Talking can end up in one of three states: a Success when the

message is successfully delivered, a Failure when a message fails to get to a phone, and

Unknown when a delivery report is not returned for a message. Figure 6.10 shows the total

number of SMS sent per week in red and splits this by message status in the other colors.

This number includes both messages sent by the system and nurse from the beginning of the

study through the end of data collection.

The first thing that stands out in Figure 6.10 are the multiple spikes in messaging. These

occur for multiple reasons. The large spike in November 2016 is because of a three day

outage with Africa’s Talking. Once outgoing messages were restored, all failed messages were

resent, this resulted in a spike in both total number of messages and failed messages. In the

three years the study has been in operation this was the only significant downtime. Another

source of spikes in the summer of 2017 was because of an ongoing nurses’ strike that we sent

messages for. During these spikes the total number of messages and successful messages both
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go up. Lastly, there were dips in the total number of messages sent at the end of each year

which represents a two week break for study staff and thus no outgoing nurse messages were

sent.

The second thing that stands out in Figure 6.10 is how the unknown message count and

failed message count swap in June 2018. This is the result of a change in the Africa’s Talking

delivery report API to report an AbsentSubscriber 24 hours after a message is sent. Before

June 2018, the longest time between sending a message and receiving a delivery report was just

under 24 hours. In this period 23.8% of messages were unsuccessful delivered and for 20.8%

we received no delivery report. After June 2018, when AbsentSubscriber errors were being

returned 29.7% of all messages were unsuccessful with only 3.0% having no delivery report.

The AbsentSubscriber failure status is for SIM cards that are not currently on the network

but still active – for example a phone is off or a SIM card switched out. Taken together this

is 1) strong evidence for a 24 hour cutoff in SMS delivery and 2) a good indication that the

vast majority of messages with a missing delivery report are for AbsentSubscribers.

The time of receiving a delivery reports gives an upper bound for the SMS delivery delta –

which is defined as the time between sending system message and the message being received

by the phone. Figure 6.11 plots a CDF of these delivery deltas with the x-axis on a log scale in

hours. This graph excludes the 16.5% of SMS messages with no delivery report. Around 50%

of messages are received within 14 seconds of sending, 75% of messages received 4 minutes

after sending, 80% of messages received 35 minutes after sending, and 90% of messages

received 11 hours after sending. At exactly 24h the remaining 6% of received delivery reports

arrive with an error status of AbsentSubscriber – all other delivery reports with an error

status are received within seconds of sending. The main takeaway of Figure 6.11 is that most

messages get to a phone within 30 minutes and after that there is a low probability of a

message succeeding.
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Figure 6.11: CDF of SMS delivery delta (the time between sending a message and receiving
a delivery report). The x-axis is log scale in hours and the data is only for SMS messages
with a delivery report – thus excluding messages with an unknown status.
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Figure 6.12: Percent of participants who responded per week for the four weeks before and
for weeks after the Africa’s Talking system outage Tuesday November 22, 2016.
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6.2.3 A Natural Experiment

The outgoing SMS outage in November of 2016 created a small natural experiment to test

how important the automated system messages are for creating engagement with the system.

From 4pm on Tuesday, Nov 22, 2016 until 10am on Friday, Nov 25, 2016 all outgoing messages

failed to send. However, during this time the system was still able to receive SMS messages.

A total of 206 messages failed to get delivered during this system outage. Using this three

day interruption of messages as a natural experiment we can observe what happens when the

weekly prompts are not sent. How does not receiving message affect the response rate? Does

missing one week affect the response rate in future weeks?

Figure 6.12 shows the total response rate (incoming messages divided by outgoing messages)

for all participants effected by the outage for the four preceding and following weeks. The

average response rate in the four weeks before and after the outage was 0.29 and 0.21

respectively. During the three days of the outage the system only received six messages from

participants representing a response rate of 0.041. Additionally, none of these messages were

from participants receiving messages during this period. In the third and forth week after

the outage the response rate drops which is due to the fact that this coincided with the

Christmas holidays and many participants were traveling during this time. Previous findings

from Chapter 4 and Chapter 5 have shown that most responses are received the same day

as outgoing System messages and therefore act as check-ins, prompting engagement. This

natural experiment confirms this by showing what happens to the incoming message rate if

the automated prompts are accidentally skipped for a week.

6.2.4 Categorizing SMS Failures

Of the 39,993 messages sent by the system to the two-way group, 74.8% were successfully

received. Of those that did not succeed, for 16.5% there was no delivery report and the

status was technically unknown – though most likely these messages were all AbsentSubscriber

failures. For 3,710 messages we received a delivery report of a failure or the message never

successfully got to Africa’s Talking. These numbers are summarized in Table 6.5 with the
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Status Number Percent

Total Sent 39993 —
Success 29902 74.8
Unknown 6591 16.5
Failed 3710 9.3
Error Type Number Percent

AbsentSubscriber 2345 63.2
UserDoesNotExist 679 18.3
DeliveryFailure 176 4.7
UserNotProvisioned 51 1.4
Other 459 1.4

Table 6.5: Breakdown of two-way system message status and frequency of common delivery
errors. The vast majority unkown status messages are AbsentSubscriber errors from before
June 2018.

breakdown of failed message by error type. A majority (69.5%) of failed delivery reports are

for AbsentSubscriber errors. The next most common error is UserDoesNotExist at 18.3%.

This error means that the phone number is not currently registered to Safaricom. The

remaining errors are system failures of some type and account for just over 10% of errors.

Table 6.5 only counts system messages to the two-way group. We also have delivery

reports for the one-way group but there is no difference in delivery success between the

two arms. However, there is a large difference between the delivery success rate of system

messages vs nurse messages. Figure 6.13 shows a violin plot of these three distributions. The

median SMS delivery success rate for nurse messages was 94.6% but for system messages was

74.2% in the two-way group and 71.6% in the one-way group. This makes sense since the

study nurse is always responding to incoming messages and someone who recently interacted

with the system is more likely to still have their phone on. Since there is a variable amount

of nurse messages per participant, for all of this analysis we only use the system messages.
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Figure 6.13: Violin plot of SMS delivery success rates comparing system messages to the
two-way and one-way group and nurse messages to the two-way group.
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Visualizing All System Messages

The main goal of this longitudinal analysis is to understand how participants engage with

the system over time. To really see the complexity of engagement I developed single graph

modeled of of the GitHub activity timeline to show the status and participant responses for

every single system message. The heat map in Figure 6.14 is the result of many iterations

attempting this goal. Each row of this heat map has a single square for each system message

sent to an individual participant. The first message sent is on the left and the last message sent

is on the right with gray squares meaning that participant received fewer system messages.

The three shades of green represent success with no response (light green), success with

one response (mid-green) and success with more than one response (dark green). The

two shades of orange represent messages with a missing delivery report (light orange) and

AbsentSubscriber error (dark orange). These two statuses are linked because missing delivery

reports most likely mean an AbsentSubscriber error. The UserDoesNotExist errors are in

purple with all other errors in brown.

The participants are sorted by three metrics. First they are grouped into five bins based

on successfully received messages. The large group at the top are all participants who received

more than 80% of messages. The small group at the bottom are all participants who received

less than 20% of messages. Participants are grouped again into four bins based on weeks

active. So the dark green group at the very top are all participants who successfully received

more than 80% of their messages and were active for more than 75% of the time. The large

light green group at the bottom of the top group are all participants who received more than

80% of their messages but were active for less than 25% of the time.

There are several interesting groups. Participants at the top of the 20 - 40 bucket who

responded at the beginning but then fail to get messages. The large light green section

represents participants with little engagement but who are receiving the messages. Curiously,

the purple UserDoesNotExist errors usually stop. Also, one can find unusual patterns like

the dark green streak.
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Figure 6.14: Heat map of all system messages sent to two-way participants in the study
for longer than 100 weeks. Each row is all messages sent to an individual participant and
each square is one message color coded by status. Participants are sorted on percent of
successful messages, weeks active, and then total messages. The large group at the top are
all participants who received more than 80% of messages. The small group at the bottom are
all participants who received less than 20% of messages.
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Another thing that stands out in the heat map of all system messages (Figure 6.14 is that

many participants begin receiving messages again after long streaks of failed messages. In

MomConnect – the large scale South African SMS project [210] – participants were removed

from messaging after five consecutive messages failed. For MomConnect this meant that 10%

of their participants were dropped out of the service. The rate of missed messages is much

higher in MX and using a threshold of five consecutive failed messages 66% of participants

would have been dropped. Figure 6.15 shows a CDF of the longest consecutive miss streak

for MX participants. Half of participants have a miss streak longer than 7 messages and 25%

longer than 29 messages.

In MX we never stopped sending messages when participants were missing them. This

was done almost to a fault, since one participant failed to receive every single one of her

160 messages. However, this does give us an opportunity to see what happens to phone

numbers who have had long missing streaks. The plot on the right in Figure 6.15 shows the

future success rate of messages based on the current longest miss streak for a participant. For

example, with a miss streak of zero, 74.7% of all future messages will succeed (our overall

SMS delivery success rate). For participants who have a longest miss streak of at least 5

messages, 43.2% of future messages succeed. By a miss streak of 25, almost a third of all

future messages still succeed. This shows that there are few participants who miss future

messages, rather they go through periods of receiving messages and periods where the mobile

phone can not be reached. Another, possible reason for this high rate of future SMS delivery

after long miss streaks is that in MX, unlike in MomConnect, participants are able to register

multiple SIM cards.

6.2.5 Messaging Changes Over Time

The heat map in Figure 6.14 is great for showing individual variation and giving a sense of the

overall usage patterns. However, there is too much going on to really quantify engagement.

In FigureAggregating each metric per quarter (every 13 weeks) makes it easier to see the

overall trends.
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Figure 6.15: CDF of longest miss streak (left) and future SMS delivery success by current
longest miss streak (right).

In Figure 6.16 each metric is aggregated to make it easier to see overall trends. On the

left the average percent of successful message delivery, messages per week, and percent weeks

active is shown. To capture change over time, all messages are grouped based on quarter

since enrollment – with a quarter defined as 13 weeks. The ten quarters represent 130 weeks

of system messages, the median number of weeks in the study was 120 so after ten quarters

there are still a lot of participants receiving messages. Message delivery (red line) starts at

80% of messages and drops to 70% by quarter ten. The average percent weeks active drops

by over 30% starting at 40% and drops to 7.6% by the end of the study. A similar drops can

be seen with percent weeks active (purple line).

A complicating factor in understanding engagement after enrollment is that participants

deliver their baby at different times relative to the start of the study. Delivery is a significant

event in the mother’s life and a focus of the early SMS content. A question that naturally

arises is how mother’s use the system just before and after they give birth. The graph on

the right of Figure 6.16 shows SMS delivery success, weeks active, and messages per week

centered on delivery instead of enrollment. The SMS delivery rate in the 8 weeks before and

after delivery is high – this is because it is the start of the study for all mothers. The percent
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Figure 6.16: Message delivery (red), weeks active (blue), and messages per week (purple) by
quarter since enrollment for quarter in study (left) and centered on delivery week (right).

of mothers who are active remains level at just under 40% until delivery when it starts to

drop. This is partially explained by the fact that mothers are eligible to enroll until delivery

as well as the fact that the ANC period generates a lot of questions. While there is no big

difference in weeks active right around delivery, the total number of messages does go up – as

shown by the bump in messages per week at zero. This means that while number of mothers

who interact with the system right at delivery does not change, those who do interact send

more messages than in the weeks before or after delivery.

The aggregated averages overtime in Figure 6.16 are useful for showing the overall trend;

however, just like the graph from the WelTel study they do not show the full complexity. If

instead of plotting the average we plot percentiles we can see how the most engagement and

least engagement changes overtime. We know from the heat map in Figure 6.14 that there

are clusters of participants that frequently respond, others that almost never respond, and

still others that fail to receive most of their messages.

In the first graph on the left in Figure 6.17 we see that it is actually only the bottom
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Figure 6.17: Percentiles for Message delivery (left), messages per week (middle), and weeks
active (right). Percentile lines at 25% (red), 50% (blue), 75% (purple) and 90% (black).

quartile of participants who stop receiving messages. The 50th percentile stays at 90% for

the entire study and the 75th is close to 100% – meaning they receive all messages the entire

time. Meanwhile the bottom 25th starts at 78% and drops to 32%.

The right most plot in Figure 6.17 shows that the bottom quartile of participants are

really one active in the first quarter and even then it is for less than 10% of the weeks. The

50th percentile is active for the first four quarters but not after that and the 75th percentile is

active for nine quarters. The top 10% of responders are active for the entire study and while

their percent of weeks active drops from 90% in the first quarter to 25% in the last this is

still more active than the median participant for almost the entire 130 weeks. The percentile

of messages per week (middle) is just a slightly scaled version of weeks active.

The three percentile graphs help tell a more concise story than the heat map. We see that

there are a group of highly responsive participants as well as a group of participants that

stop receiving their messages. At least 50% of the participants are active through at least one

year but only the top 25% are active through two years. This means there is a large fraction

of participants who are receiving messages in the last year of the study but not responding.

Another measure of engagement is the length of the messages participants send. The

character limit for a single SMS message is 160 characters. Only 3.9% of participant messages
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Figure 6.18: Percentile of participant message length by quarter since enrollment.

are over the 160 limit with the median SMS length being 30 characters and the IQR of [12

- 63]. (Surprising the longest participant message was 609 characters.) For nurse messages

15.8% were longer than 160 characters and the median length was 70 with an IQR of [34 -

126] (again the longest nurse message is an extreme outlier at 709 characters). The system

messages are very different from the participant or nurse messages. A total of 70.1% of system

messages are longer than 160 characters with the median length being 187 characters (already

two messages) and IQR of [155 - 229] This is all summarized in the left plot of Figure 6.18.

The right side of Figure 6.18 shows the 25th, 50th, 75th and 90th percentile of participants

incoming message length by quarter from enrollment. Rather than seeing participants message

get smaller over time,they mostly stay the same. The bottom quartile of messages drops from

18 characters to 10 characters and the median goes from 40 characters to 30 characters. This

shows that even though participants engage with the system less over time when they do

engage with roughly the same amount of content.
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6.3 From The Platform’s Perspective

When doing a longitudinal SMS intervention the system must be synchronized with the real

world. In the case of MX, the system needs to know each participants expected delivery

date (EDD) and next visit date. Once a delivery happens the system needs to be updated

with the new data so that ANC messages can be switched to postpartum messages. In this

section we explore how well the MX system did at capture delivery dates and switching to

postpartum messages. (The word delivery is overload here since we have SMS delivery as

well as the delivery of the baby.)

First, Figure 6.19 shows the distribution of weeks between sign-up and EDD (on the

left) and the difference between EDD and actual delivery date (on the right). This figure

includes all arms of the study – but excludes participants who we never received a delivery

notification for. On average, participants are 16 weeks from their EDD at enrollment and

deliver two weeks before their EDD. The large spike in participants enrolled 12 weeks before

their EDD corresponds to a scheduled ANC visit. Almost 25% of participants delivery on

the week of their EDD, but for all other participants, even if the system learns about the

delivery immediately, the messaging will be off from the intended schedule. Participants who

deliver before their EDD will miss the last few weeks of ANC messaging and participants

who deliver after their EDD will get repeated messages asking if they have delivered.

Knowing when a delivery occurs is critical for determining which message to send when.

None of the clinics had a digital record system that can be queried to find this data. Rather,

ANC records exist in paper logbooks such as the one from Mathare pictured in Figure 6.20)

from which medical records must be abstracted and entered into the system. Abstracting

delivery reports isn’t even an option for mothers who go to a different clinic to deliver.

With this physical gap between the real world data and the system, the version of reality

the system believes to be true drifts away from what actually happened. The distribution of

weeks between actual delivery and when the system is notified of the delivery on the left of

Figure 6.21. Again, this figure includes participants from all three arms of the study. For
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Figure 6.19: Distribution of expected ANC period (signup date to EDD) and difference
between EDD and actual delivery.

30.4% of participants, the system learns of their delivery the same week it happened. There

is a spike in notifications at 6 weeks after delivery when a clinic and study visit occur. There

are 41 (5.4%) participants for whom the system learns of their delivery 13 or more weeks

late. On the right side of Figure 6.21 we see the distribution of EDD to system delivery

notification. This is a true representation of how far the system was off from reality since

until information is updated the EDD at enrollment is the base for sending out messages.

The obvious question about the system notification delta for a participant’s delivery is

how it is influenced by the SMS messages. The system records how the study learned a

delivery occurred though three main sources: an SMS message, a phone call, or a clinic visit.

Figure 6.22 shows the same histogram from Figure 6.21 broken down by notification type

and study group. What stands out is that almost 40% of the participants who notify the

study of their delivery the same week it occurred did so through SMS. We also see that the

large spike in notifications 6 weeks after delivery is all from clinic visits. On the right side of

Figure 6.21 the notification delta is broken down by study group and the two-way messaging

group accounts for almost 50% of all notifications during week zero.

The CDF of notification delta in Figure 6.23 shows that one week from delivery the study
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Figure 6.20: The paper based ANC register for Mathare North clinic.

Figure 6.21: Distribution of delivery to system notification delta in weeks on the left and
the distribution of EDD to system notification on the right.
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Figure 6.22: The delivery to system notification delta grouped by notification type (sms,
phone, visit, other) on the left and by study arm on the right.

has learned about the delivery for 40% of the two-way but only 20% from the one-way and

control. After the week 6 clinic visit there is no difference between the study arms in how

many deliveries the study knows about. The fact that average notification times for the

two-way group are so much shorter indicates that mothers are using SMS to communicate

with study staff during the critical period right before and after delivery.
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Figure 6.23: CDF of weeks between delivery and system notification (notification delta)
split based on study arm.
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Chapter 7

USSD: THE THIRD UNIVERSAL APP

7.1 Overview

This chapter takes a step back from SMS to examine the larger universal mobile service design

space. These services allow researchers and practitioners to create interventions accessible on

any mobile phone. Because of the prevalence of low-end feature phones this has traditionally

meant using IVR or SMS based services that do not require a smartphone or data connection.

The ability to limit participation in mWACH to only a basic phone was a primary reason

for choosing SMS over an Android App that provided more features and a cohesive user

experience.

There is a long history within the M4D community of using basic voice and text based

services to reach and connect end users on the devices they own. In this chapter I argue for

the use of Unstructured Supplementary Service Data (USSD) as a platform for universal cell

phone applications. Looking through over a decade of ICT4D research this chapter describes

how USSD can extend and complement current uses of IVR and SMS for data collection,

messaging, information access, social networking and complex user initiated transactions.

The two key contribution of this chapter to the overall thesis are: 1) to situate bi-directional

SMS platforms such as mWACH within the IVR, SMS, and USSD continuum and 2) explore

the USSD design space and how an mWACH style platform could be ported to a USSD

shortcode. Based on these findings we identify situations where a mobile based project should

consider using USSD with increasingly common third party gateways over other mediums.

This analysis also motivates the design and implementation of an open source library for rapid

development of USSD applications. Finally, I explore three USSD use cases, demonstrating

how USSD opens up a design space not available with IVR or SMS.
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7.2 Introduction

Mobile phone applications have tremendous impact in global development across the domains

of health, agriculture, education, and finance. The field, referred to as Mobiles for Development

(M4D), builds upon the ubiquity of mobile phones and standard digital telephony. Two

fundamentally different approaches are used for deploying services on mobile phones. One

approach is to build services using generic features provided by the mobile operator, such as

voice or text, ensuring the service is available on every single mobile phone handset. The

other approach is to take advantage of capabilities of specific types of handsets, including

installing and executing applications on individuals’ mobile phones. Both of these approaches

are important, but in this paper we focus solely on the first approach, targeting applications

which are intended to have broad reach and high coverage across a population. One strength

of this generic approach is that it can be used to reach people owning basic mobile phones.

Even though smartphones have a growing market share, a very large number of people will

continue to use basic or feature phones over the next decade. Being able to reach owners

of basic phones is particularly important for development initiatives reaching the poorest

people.

Mobile applications designed to work with carrier provided services, and not utilize features

of specific handsets have generally focused on voice through Interactive Voice Response (IVR)

and text through Short Message Service (SMS). IVR and SMS are Universal Apps in that

they make services uniformly available on every mobile handset. There is a third option

for a Universal App, which is less frequently used in M4D: Unstructured Supplementary

Service Data (USSD). USSD is a protocol defined inside the Global System for Mobile

Communications (GSM) standard.1 USSD is a session based protocol, like IVR, that supports

the exchange of text data, like SMS, thus filling a gap in the M4D design space. The most

common uses of USSD are for customers interacting with a carrier’s services, such as querying

1USSD is not supported on CDMA networks, however GSM covers 90% of the world and is particularly
ubiquitous in those regions with the lowest smartphone penetration.
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HTTP Only Gateways SMS IVR USSD Coverage
Twilio†, Nexmo∧ World Wide
txtNation± World Wide
Infobip 9 different countries
Africa’s Talking‡ Kenya
Ideamart#, SMSGH% Sri Lanka, Ghana
Panacea Mobile$ South Africa
†http://twilio.com/ ∧http://nexmo.com/ ±http://txtnation.com
?http://infobip.com ‡http://africastalking.com #http://ideamart.lk
%http://developers.smsgh.com $http://panaceamobile.com
SaaS Enabled Gateways SMS IVR USSD Coverage
VumiGo§ 11 countries across Africa
Voto Mobile¶ Ghana, Tanzania, South Africa
TextIt♣ Android, Twilio
Telerivet♦ Frontline Cloud♠ Android, Twilio, Nexemo
§http://vumi.org ¶http://votomobile.org ♣http://textit.in/
♦https://telerivet.com ♠http://frontlinesms.com

Table 7.1: Third party REST gateway providers and SaaS companies.

airtime or subscribing to information services. This is done by sending a star code (such as

*144# to check an airtime balance with Safaricom in Kenya) and accessing interactive menu

systems. USSD has a number of advantages over SMS, such as providing greater privacy,

which makes it a candidate for some important M4D applications. However, until recently, it

has been very difficult to deploy USSD applications due to requirements of working directly

with carriers. As third party companies have begun making USSD services available, there

are growing opportunities for M4D to utilize a new Universal App.

In this chapter we explore the application design space for USSD by identifying fundamental

considerations and trade offs between IVR, SMS, and USSD. By analyzing existing universal

applications we propose methods for USSD to enhance and improve M4D services such as

data collection, health messaging, and accessing data. Based on these findings we describe

the design and implementation of a library for rapidly building USSD applications. Finally,

we develop three detailed use cases to show how USSD applications in different domains

provide services that neither SMS or IVR alone can accomplish. -

http://twilio.com/
http://nexmo.com/
http://txtnation.com
http://infobip.com
http://africastalking.com
http://ideamart.lk
http://developers.smsgh.com
http://panaceamobile.com
http://vumi.org
http://votomobile.org
http://textit.in/
https://telerivet.com
http://frontlinesms.com
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There is a large body of work showing that universal applications built on top of SMS

and voice have a significant part in the ICT4D design space. These projects have shown

how universally accessible mobile applications can be used as a catalyst for change and

demonstrate the role USSD plays in this design space. One of the first ICT4D projects

showing the potential of SMS to simplify interactions and reach end users was Warana

Unwired [199] which converted a kiosk based information system into an SMS query system.

Since then many more projects have explored the SMS M4D design space which we will

analyze in Section 7.3.

Within the field of mHealth there is mounting evidence for the importance of SMS and

IVR at engaging patients to improve health outcomes. WelTel [113], one of the first SMS

based mHealth studies, showed that sending simple, single word SMS messages significantly

decreased HIV viral load among ART patients. Following on this work other projects have

shown that IVR can offer a richer user experience for patient engagment [98, 143].

Besides messaging, another major use for IVR and SMS solutions has been data collection

in the field. Patnaik et al. [149] did an early study in India comparing forms, SMS, and

voice and showed that while voice was the most costly it was also more accurate than SMS

prototypes. However, Danis et al. [45] showed that SMS based surveys were successfully

answered in Uganda. One reason for these seemingly contradictory results just one year apart

is the different demographic and cultural context between Uganda and Gujarat, India.

7.3 Universal GSM Applications

SMS, IVR, and USSD can be considered universal applications since each protocol is outlined

in the GMS specification and works on every single handset. Universal mobile applications are

well suited for M4D deployments that aim to reach end users. There is no need to customize

applications for individual handsets as J2ME deployments require or provide standardized

hardware to all participants, both of which hamper the ability of a project to scale and reach

all target users [162]. The use of these communication channels represents a fundamental

trade-off between universal access and the richness of user interactions due to the limited user
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interfaces of universal applications. In the next two sections we explore the design space of

universal M4D applications showing how USSD complements existing services. We also layout

guidelines that assist organizations starting M4D projects to decide on which technologies

suite their design goals and project requirements.

7.3.1 Design Space and User Interactions

We first analyzes applications built on top of SMS and IVR to understand the types of

user interactions and platforms in use. Fogg and Allen [65] identified five categories of SMS

applications for health. Even though this work did not focus on a developing world context,

the universality of SMS means it can be applied across applications in the M4D domain and

onto other universal modes of mobile communication.

Projecting Fogg’s persuasive SMS computing model onto the existing literature we examine

well known projects and identified five specific application domains for M4D services. In

each of these domains there is a substantial body of work demonstrating the effectiveness of

both SMS and IVR. USSD has not been as widely adopted, but the few examples of USSD

applications show that it is well suited for complicated user interactions.

Data Collection

Data collection is an important domain for ICT4D acting as an enabling tool to improve

service delivery and evaluation. For projects that can provide smart- or feature-phones,

there are powerful data collection applications such as ODK Collect [84] and CommCareHQ.

However, when data collection is required across large populations or must be accessible on

personal mobile phones, default GSM solutions are the most feasible option. In this case the

universality of SMS, IVR, and USSD trumps the improved UI and features of device specific

applications.

While, SMS has been a common choice for data collection, the unstructured and asyn-

chronous nature requires special syntax for submitting data. In the SMS for Life project,

weekly SMS reports were collected containing stock levels for antimalarial medications and
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rapid diagnostic tests in rural Tanzania [14]. Each tracked resource was assigned a single

letter code. By combining these codes, all necessary fields were reported in a single SMS.

This allowed structured data to be automatically parsed from incoming SMSs. Data showed

a high average response rate (95%) and low average error rate (7.5%) indicating that, at least

in rural Tanzania, simple SMS reporting is feasible at large scale.

Beyond simple data collection, various methods have been developed to capture large

amounts of structured data via SMS. Using a RapidSMS based system, Assiimwe deployed

reporting system that captured weekly disease counts and stock levels [11]. With almost 40

data fields, a single SMS per field was cumbersome and expensive, while putting all fields

into a single SMS was complicated. Instead, four different SMS messages were created with

the assistance of a paper job aid. This eliminated much of the syntax while maintaining an

average error rate of 8.8%. Other examples of job aids assisting message creation include

the Reporting Wheel from Instedd 2 to help translate data into nine digit numbers for easy

submission and parsing.

SMS data collection can also be accomplished with a multi-SMS survey form. This type

of data collection is exemplified by early work from Text for Change sending HIV related

quizzes via SMS in Uganda [45]. Each question is a single SMS and participants are asked to

respond with a question specific key word prefixed to their answer. These multi-SMS surveys

have been standardized as part the SaaS IVR and SMS services from Table 7.1 as well as

services dedicated to data collection such as CommCareHQ.

Voice data collection is a good option for low literacy users [121]. Previous results have

shown that voice data collection can be more accurate than both SMS and digital forms [149].

Using an IVR system numeric and multiple choice questions can be recorded using Dual

Tone-Multi Frequency (DTMF) touch tones and open ended verbal responses can be recorded

for later analysis. Multiple projects have used IVR for data collection [78, 111] and just like

with SMS, third-party SaaS services have emerged to provide voice data collection.

2http://instedd.org/technologies/reporting-wheel/
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By using USSD for data collection, the user experience and work flow can be improved in

three ways. First, including all transactions in a single session simplifies the user experience

around multi-SMS forms. Second, the menu system acts as a built in job aid eliminating

the need for complex syntax to fit as much information as possible into a single SMS. Third,

using USSD for data collection allows for immediate data validation during the session flow.

These advantages of USSD are most helpful for organizations who can not train all end users

or when data collection may happen infrequently and enumerators never have time to become

comfortable with complex SMS syntax.

Messaging for Awareness

Messaging for awareness and engagement was a cornerstone of Fogg’s persuasive technology

SMS framework and has become an integral aspect of ICT4D work. The theory behind

messaging campaigns is grounded in behavior change communication and relies on two main

assumptions: (1) open communication channels improve uptake of available services and (2)

frequent small reminders help with the adoption and maintenance of new practices.

The Kenya WelTel project was among the first controlled studies measuring the effec-

tiveness of messaging for awareness [113]. For 12 months patients initiating antiretroviral

therapy (ART) received a weekly SMS with the single word Mambo (How are you). They

were asked to reply with either Sawa (Fine) or Shida (Not Fine). Even with such simple

messaging content, the WelTel study found a significant decrease in HIV viral load between

those receiving and not receiving SMSs.

The low cost, quick content creation, and ease of sending SMSs has meant many other

projects use it for awareness and engagement. Across the medical domain, projects focused

on both health workers [215, 11, 53] and patients [160, 171, 150] have demonstrated high

levels of engagement and changes in behavior. In places with low literacy similar projects

have targeted maternal health outcomes using voice such as making automated voice calls

from a doctor to pregnant women about iron supplements [143].

A review paper on mHealth found that one reason to prefer IVR over SMS is to ensure
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privacy for vulnerable populations [79]. For example, a project working with men who have

sex with men decided to use voice calls instead of SMS primarily to ensure messages were

not saved on shared phones. Recent work with HIV positive youth in Kampala, Uganda has

shown that privacy is paramount when sending SMSs [165]. In this respect USSD has the

same level of privacy of voice based systems. By requiring a PIN before accessing medically

sensitive information, a USSD system can more directly address individuals needs while at

the same time protecting doctor patient confidentiality - especially if the phone is shared

among individuals.

Accessing Information

Ubiquitous, on demand access to information is one of the most revolutionary features of

mobile computing. Enabling end users at the bottom of the pyramid to find information when

they need it has been a major challenge in ICT4D. An early project using mobile phones for

information access was Warana Unwired [199] which replaced a PC-based kiosk system for

information retrieval with an SMS interface at a sugarcane cooperative in India. This system

used a smartphone connected to computer to allow correctly formatted SMS queries to access

information previously only accessible via a computer. Another ICTD project enabled SMS

querying of taxi arrivals in Kyrgyzstan [10]. One finding from that work was that USSD

would be more cost effective and user friendly.

The fact that SMS is always available has been a major driver for query based systems.

Google and Yahoo both had SMS interfaces [175] prior to more data intensive and graphical

interfaces enabled by smartphones. The limiting nature of the SMS responses has lead to

work optimizing for this low bandwidth channel [186]. Chen et al. created an SMS based web

search system specifically designed for SMS results on low end phones [28]. Voice channels

have not been used for data querying largely due to the fact that automatic speech recognition

does not work well for the vast majority of languages in the world. The primary use case

for voice channels has been to create call in hot-lines accessing information through a live

operator [37] [149].
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Creating applications for information access over USSD adds a layer of interactivity to

SMS based systems. For example in a series of prompts the Vumi Wikipedia Zero application3

allows the user to narrow down a search before returning the first 180 words of the page and

section requested. With the user interface of USSD a sugarcane cooperative could provide a

menu driven application for accessing individual information as well as a query interface for

in formation about best practices or new procedures. Like SMS, USSD works best with short

text based responses and requires the development of backend processes specifically designed

for this limited channel.

Social Networks and Group Messaging

Since the first Usenet newsgroups, ICT has been connecting individuals, friends, family, and

the larger community. It is no surprise that ICT4D research has looked at connecting beyond

the default capabilities of SMS and voice. Odero created Tangazo, as a group messaging

platform. Subscribed users could send either voice or SMS messages to custom made groups,

and a special SMS syntax was used to manage group membership [137]. Safaricom in Kenya

has a small SMS based group SMS messaging service called Semeni4 that allows users to

create groups of up to 10 members managed through a USSD interface.

USSD as a user interface is well suited for small group social networking. Using our library

it would be possible to easily create digital groups connecting and strengthening existing

community ties. Grassroots community groups are a common mechanism for development.

For example, community health workers lead mothers groups and peer HIV support groups

and peer structures are fundamental to microfinancing. A USSD menu system could be used

to help facilitate group interactions outside of meetings as well as connect different groups.

While Tangazo connected small groups together IVR systems such as CGnet Swara [126]

and Avaaj Otalo [148] create voice networks linking large groups of people. At scale curating

user submitted content for access over menu systems becomes an issue [197]. In a large USSD

3https://github.com/praekelt/vumi-wikipedia
4http://www.semeni.co.ke/
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based social network similar concerns would arise since search and discoverability are limited

to 180 characters. For this reason, we see the benefit of USSD in the social networking domain

primarily to help create small focused community based groups.

Complex User Transactions and Interactions

A paradigm shift occurs once useful functions can efficiently and economically be preformed

on a mobile device. The mobile is transformed from a one-to-one communication tool into

a device for accomplishing tasks and interacting with larger systems. However, it is when

complex tasks need to be preformed that the fundamental limitations of universal GSM

applications make systems overly complicated. For example, findings from an SMS based

agriculture trading system in Uganda showed that almost all the messages received could not

be automatically parsed [183]. Again,the study authors suggested that USSD would be a

viable alternative to the complex SMS structure.

Because of their session based nature, both IVR and USSD are more suitable for preforming

complex user interactions. Many MOs have IVR systems that allow users to top up via DTMF

key presses and perform basic administrative features for prepaid lines. One of the most

complex IVR universal applications deployed is TAMA which provides treatment support for

HIV+ individuals and was tested in India for 12 months [98]. Protected by a PIN patients

receive calls from TAMA with reminders to take medication. The system also has the ability

to record adherence. Patients can call the system to inquire about symptoms or listen to 30

second health tip messages.

Another example of complex transaction tasks via GSM applications is a pilot project to

book train tickets sponsored by the Indian Ministry of Railways [1]. This services is offered

on all three universal application GSM channels. The SMS message syntax is quite complex,

requiring one SMS with train and station codes plus a correctly formatted date and a second

SMS to confirm and authorize mobile billing that has five unique fields. This is in contrast

to the USSD interface consisting of a series of menus to select a station, date, and ticket

type. Authorization of mobile billing with PIN code occurs within the same session and
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confirmation details that act as an eTicket are sent back via SMS.

7.3.2 Advantages and Limitations of GSM User Interfaces

In this section, we analyze the three universal GSM applications from the view point of

organizations wanting to deploy M4D solutions and the users they target. When launching

a mobile based project the choice of underling technology is dependent on many factors

including, but not limited to, target demographics, administrative overhead, usability, setup

costs, maintainability, and scalability. There is no universal method or technology set for

a mobile based project and each deployment must be evaluated individually, based on the

target country, demographics and partners.

Setup and Infrastructure

When starting an M4D project the first question an organization must ask is what technology

is available. Connecting with the telecommunication system can be difficult with two main

pathways. At the do-it-yourself (DIY) level, a commodity phone can be used as a modem.

With tools such as IVR Junction [198] and FrontlineSMS, a working system can be setup

relatively quickly and with low overhead. However, these solutions do not scale well. A

more robust solution is needed if simultaneous voice calls must be handled or a high rate

of SMS need to be sent (over 1000 SMS/hour). A second limitation of DIY solutions is the

inability to have toll free numbers and short codes. So, while setup up costs might be low, it

is expensive for end users. Projects often look for ways to send airtime reimbursements [181].

There is also a reliability concern for DIY solutions, since the phone-modem is a single point

of failure, risking running out of power or airtime, or loss through damage or theft. DIY

solutions are not available for USSD, which is a major reason why USSD applications have

been limited to large organizations.

At the next level of complexity, there exists an ecosystem of third party gateways who

have partnered with mobile operators (MOs) to make available HTTP gateways for voice,

SMS, and USSD. Table 7.1 lists eight of these gateways in two different categories - large

multinational and smaller country specific gateways. The multinational gateways can reach
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Figure 7.1: Comparison of GSM applications design space split by communication medium
and interaction method.

many countries because they send messages from international numbers into countries where

they do not have a partnership with an existing MO. This makes prices much higher for

places like Kenya and Ghana using Nexmio over local gateways that have direct deals with

country MOs. In the last few years the the number of these gateways that offer USSD APIs

has been rapidly expanding and this is a significant motivation for this work. We expect more

USSD gateways to open up in the future. For example InfoBip claims that USSD services

will soon be available in Brazil, Peru, India, Thailand, and Ukraine.

Communication Channel Usability

Each GSM transport layer creates a different user experience and choosing the appropriate

one depends on the target audience and service complexity. Figure 7.1 groups each channels

based on the mode of communication and the method of interaction. On these axes SMS and

USSD are the text based analogs of automated voice calls and IVR. From this perspective

USSD can be viewed as a bridge between the session based features of IVR and the text

based mode of SMS.

There are four primary considerations for choosing between text and voice channels.

The first, and primary reason, is that for most projects creating and collecting text based

content will have lower administrative cost. For example three hundred preconfigured text



133

messages can be modified with the name of sender and recipient when sending an SMS [150],

prerecording these as voice messages means content is not as flexible or customizable. This

is a major reason to favor text over voice solutions. However, the second consideration is

the literacy proficiency of the end users - which may require that voice be used. A data

collection program used by trained CHWs can use SMS [11], while, a program targeting

pregnant women from a Mumbai slum should use voice [143]. Another reason to potentially

prefer voice over text is that non-Latin script support on low end phones is often poor [120].

Lastly, it is important to consider the bandwidth and cost requirements of each channel.

While SMS and USSD have extreme character restrictions (160 and 180 chars respectively)

they can easily scale to many thousands of messages an hour. Voice, on the other hand, scales

well with larger content but establishing multiple simultaneous voice lines raises costs. Such

concerns are very dependent on each country, for example voice is cheaper relative to SMS in

India while it is the reverse in Kenya.

Stateful and Stateless Messaging

The requirements of an individual project will also require a decision between the session

based interaction which maintains state, and stateless automated calls or SMS messages.

Stateful applications allow for a broader design space but come with increased setup and

maintenance cost. If an intervention simply needs asynchronous messaging there is no need

to move beyond SMS or automatic voice calls. The SaaS SMS solutions from Table 7.1 have

a backends that simulates stateful connections over SMS in the same way web servers convert

HTTP from a stateless to stateful protocol.

However, for certain applications the true session based interaction of USSD and IVR

cannot be mimicked. First, session based interactions are not saved on the mobile phone.

This is extremely important for guaranteeing privacy from friends and family, particularly

when a shared phone is involved and sensitive health topics such as TB, HIV, or family

planning are discussed. An additional layer of privacy is gained by entering a PIN before

taking any actions. Although not secure against man-in-the-middle or operator snooping,
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this is secure against friends and family from learning about a sensitive medical condition.

Other reasons to prefer a session based medium are that hierarchical menus are much easier

to implement, real time validation is smoother, and interactions happen in real time.

7.4 USSD Library Design

We next describe our library designed to create USSD based applications that work with

existing third party USSD gateways. The library is created with the Django web-framework

facilitating integrating with Python based message routing platforms such as Vumi and

RapidPro. The intention behind this open source reference library is two fold: first to

help define the building blocks of generic USSD applications; and second, to provide M4D

deployments targeting end users a third option besides SMS and IVR. Currently, the intended

user of this library is an organization that has accesses to programming experience, but we

are working on methods to create USSD menu systems and questions using Excel worksheets

or a graphical flow visualizer. Eventually we hope that third party SaaS messaging providers

will incorporate these USSD features into the services they provide.

The library is a set of Python class that can be extended to quickly implement the

flow and organization of a USSD menu system. By extending the basic USSDTransport

class applications with the particular variables required by a third-party USSD HTTP

APIs our framework assists with establishing text based sessions. Currently our prototype

implementation interacts with the Ideamart USSD simulator5 (Figure 7.2) and the Panacea

Mobile USSD gateway6 via their HTTP API.

Unlike stateless SMS applications a USSD application must maintain the users state

throughout each session. Both Panacea Mobile and the Ideamart USSD simulator interact

over the stateless HTTP protocol, so an important feature provided by the library is the

seamless management of session state. This is done by using the session ID provided by each

USSD gateway API as a UUID for a Django HTTP session. In this way each initiated USSD

5www.ideamart.lk/idea-pro/ussd
6www.panaceamobile.com/gateways/ussd-gateway/

www.ideamart.lk/idea-pro/ussd
www.panaceamobile.com/gateways/ussd-gateway/
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session maintains its own current position and state on the server side and can determine the

next USSD screen to send based on the current state and user input.

A USSD applications is defined by a linked graph of nodes called USSDScreens. The most

basic node is a TextNode that simply renders a template string to be sent to the user’s phone.

Each screen is rendered using context variables associated with the current session and user.

For example if each contact has a next visit date, preferred language, and age variable linked

with them these variables become available in template strings. Two additional nodes extend

from TextNode. The MenuNode links other nodes together attaching numbered options that

map to other USSDScreen instances. MenuNodes provide consistent navigation throughout

the library; the numbers one through eight jump to a next node while ’0’ goes to the last

screen, ’9’ goes to the next screen of a long list, and ’#’ will go back to the home screen.

The characters for all of these actions are easily configurable and can also be disabled on

individual screens. We also implement the QuestionNode, which validates response and

establishes branching logic for the next node based on the response making it possible to

create simple forms with a few Python classes. For more specific applications the TextNode

class can be extended.

The library also has optional screens that can be added before the home screen is shown.

This can be used to present the user with the option of initiating the USSD session where

they left of last time or requiring that a correct PIN number be entered before the home

screen is shown. Because the USSD library is built on top of the Django framework it also

makes it easy to have a web accessible admin interface. Administrative tasks include replying

to messages left by users in the USSD system, monitoring usage statistics, and exporting

collected data. The library also makes it easy to open a web accessible front end that mimics

the work-flow of the USSD system. Thus users who have a data enabled phone can access the

application over USSD or a web browser. We are also working on an Android application to

access the same information over a built in API. Using this library we have built a prototype

Maternal Health application for testing the work flow and integration of the libraries building

blocks. (Figure 7.2)
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Figure 7.2: Left: Example Maternal Health USSD application running on IdeaMart USSD
Simulator; Right: USSD home screen for Indian mobile operator BSNL.

7.5 USSD Use Cases and Personas

In this section we explore how the building blocks of our USSD library can create applications

that improve the usability and quality of universal GSM applications. These use cases

illustrate several advantages of USSD over SMS, practicality when it comes to real time

interactions and privacy. Although some parts of these services have been implemented with

SMS or IVR, the full USSD implementation is not replicable on any other default GSM

medium. They also highlight how the general flow of USSD applications is easily extended

beyond the traditional financial services application. However, they also expose limitations of

basic GSM applications and why for some cases it might make sense to target phone specific

applications utilizing a data channel.

We introduce each use case through a target user’s persona and demonstrate how she or

he would utilize different USSD applications to accomplish tasks and access services.
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7.5.1 Maternal Health

Mercy is a 20 year old Ugandan living in the informal settlement of Namuwongo, southeast

of Kampala. She is among the ninety percent of Namuwongo residents living on less then

one dollar a day. Twenty-two weeks into her first pregnancy she has just attended her first

antenatal care visit. There was a two and a half hours wait before she had twenty minutes

with a nurse who took vital signs, listened to the babies heart, and drew some blood. Mercy

was ushered into a room with twelve other first time mothers where they were told what

to expect during pregnancy, where to give birth, and given booklets to record clinic visits

and their baby’s milestones. She thought she was done after this session, but the nurses sent

her to another room - this time with just four other expectant mothers. In this room Mercy

found out she was HIV positive.

There was a torrent of information and although the nurses tried to be understanding

Mercy found it difficult to focus on this new reality. The nurse asked her for a four digit

personal identification number so she chose the last two digits of her and her sisters birth

years. They told her that if she called a special number - it looked like a code to top up a

phone - she could enter her name and the secret number to access information and ask a

nurse questions. Before leaving each of them practiced logging into the system.

Later when Mercy tried the system she liked how the first screen did not mention HIV

or being pregnant, rather it displayed a generic health tip with a box to type her name.

After hitting send a new health tip displayed with another box, Mercy didn’t know what

to do with this box so she just hit send again. This time the system told her she had used

her two health tips and to call again. That reminded her what the second box was for, her

PIN number. After correctly signing in she was presented with four options. Press 1 for

New Messages, Press 2 for Starred Messages, Press 3 For Questions, Press 4 for Important

information. Going to the new messages Mercy saw the welcome messages, the nurses had

told her that this message would change every week. Mercy followed instructions to star the

welcome message since it was the only message she had. The screen told her to press # to go
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to the beginning and from there she checked the important dates menu which told her how

many days until her next visit and when her due date was.

This use case demonstrates how USSD can augment existing SMS based systems that

support marginalized individuals living with HIV. By requiring a user name and password

to access the USSD system mothers who share a phone with family members can call from

any available phone. The application looks like a generic health tip service without proper

credentials. We acknowledge that this system still has some security vulnerabilities since

USSD communication is not encrypted - but is is an improvement on SMS only solutions.

7.5.2 Agriculture

Solomon is a Ghanaian farmer living in Gushie, 50km north of Tamale - the capital of the

Northern Region. He and his brothers grow cassava, yams, kola nuts, and bananas for a

regional farmers cooperative based in Tamale. The cooperative runs a marketplace to help

match produce buyers and sellers. Every time Solomon goes to Tamale, he checks the records

for how much his farm has sent to the cooperative, when the number doesn’t match his

expectations it can take awhile to sort out. The cooperative is also a great place to exchange

information with farmers from villages Solomon doesn’t visit often. There is a bulletin boards

with fliers from the Ministry of Agriculture and NGO’s advertising new, and sometimes old,

techniques or tools. Solomon doesn’t always trust this information and likes to ask what

theories his friends have about it before he goes home.

This time when Solomon visited the cooperative they advertised a special star code to

call and access information that would be useful to him. He had received SMSs from the

cooperative before containing information about when crops would be collected or that the

road into Tamale was bad. He also knew there was a way to post crops to the cooperative

exchange via SMS. However, he personally didn’t know any farmers who had used it and he

heard rumors that it didn’t always work if you typed information incorrectly.

The next week Solomon received another SMS reminding him about the star code and

he decided to call it. The home screen was a menu with the following choices: 1. Weather,
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2. Personal Account 3. Exchange Market 4. Community 5. Tips. After sending back 5 the

next screen had the title of 6 new tips. The last line told him that 0 would go back and 9

would go to the forward in the list. The first tip was about about using herbicide for weed

management - something the cooperative was always pushing and Solomon never had the

savings to get. Though he wished to someday to use herbicide. There was an option to give

feedback on the tip, so he reported that it wasn’t very helpful since it was information he

already knew. Solomon pressed 0 to go back and then went to the community forum. This

was a message board with six different categories for posts. Solomon went into the section for

cassava and found a list of posts by other farmers. He found out that he could make his own

post by entering ’+’ and the ’@’ symbol would reply to someone. The last thing Solomon

did was check the market place where he found a series of menus to help post crops to the

exchange and see what the current prices were.

7.5.3 Data Collection

Josephine is a manager working with the National Immunization Program (NIP) in Kigoma, a

district capital in Tanzania on Lake Tanganyika. She needs to receive information on a regular

basis from health facilities, including weekly reports on vaccine stocks, as well as immediate

notifications of stock outs and refrigerator failures. She is excited about the introduction of a

USSD based system for data collection from rural facilities, as she has found using USSD to

send money to relatives on mPesa both useful and reliable.

As part of the introduction of the new system, Josephine is leading training sessions

throughout the district. Health workers from the rural areas have been attending these

sessions where the NIP confirms that the current database is current. They use a web based

management system to add contact phone numbers for each facility. When a number assigned

with a health facility dials the USSD short code they get a simple menu system: 1. Submit

Weekly Report, 2. Stock Out, 3. Fridge Status, and 4. Report Histories. The weekly report

is a series of questions collecting the stock of six key vaccines as well as case reports for ten

diseases. Josephine likes the fact that if the system detects format errors it replies with hints
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asking for the data to be resubmitted.

When Josephine calls the USSD number, she gets a different menu system from the

health facility version. This admin USSD interface allows her to enter and view data for any

facility while on the road. She can also associate new phone numbers with a health facility

and manage information on the refrigerators. This is useful when she visits health facilities,

because sometimes the data recorded can be inaccurate and, even on her smartphone, she has

found it impossible to access the web interface on poor data connections at rural facilities.

7.6 Discussion and Future Work

While we have identified several use cases for USSD that extend the capabilities of GSM

universal applications, we acknowledge that USSD is only a piece of the broader ICT4D

toolkit. Organizations must survey available options in the context of the requirements of

their individual project. If primary audience for a service is non-literate, IVR may be the best

solution. If a project needs only simple messaging and privacy is not a concern or if frequent

data collection will be done, SMS is a feasible option. And when there are few primary users

a custom device specific application may work. However, there are three situations where

USSD enables services that otherwise could not be offered as universal GSM applications. (1)

when sensitive text based information must be shared, (2) when data collection is infrequent

and complex, (3) when complex user interactions must take place.

The feasibly of USSD for large scale applications such as mobile money and interacting

with mobile carriers is well documented. The framework presented in this paper shows how

USSD can also be used for smaller scale operations similar to IVR and SMS. This opens up

a large new design spaces to explore. There is a need to do user studies to understand the

limitation of PIN and username based systems, which although the easiest from a technical

stand point may not be the most user friendly. Systems should be designed that push the

boundaries of what text based USSD systems can do such as creating a digital marketplace

or math tutor. The user experience for these systems should be better studied to understand

how to scale communities and improve services.
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The principal motivation for this work originated in discussions with the Kenyan Ministry

of Health (MOH) around SMS applications for maternal health and HIV awareness. Concern

was expressed about the safety and ethics of distributing medical information over SMS.

USSD seemed to be a solution that offed more privacy, even on the least expensive phones, as

well as improved user experience and expanded design space. We were pleasantly surprised

to find already existing third party operators offer USSD services. We now are currently in

the process of testing the feasibly and design of our maternal health USSD application and

working with the MOH to establish guidelines around its use.

7.7 Conclusion

The recent emergence of third party USSD gateways has opened up the design space for M4D

applications that can reach users on the most basic phones. Traditionally USSD has only been

used for banking and cellular operations, but by examining the existing ICT4D literature we

can identify how USSD will complement and extend current uses of SMS and IVR for data

collection, messaging, information query, social networking and making complex transactions.

We built a prototype USSD application using an new library that provides the basic building

blocks for general USSD applications. We have identified when M4D projects should consider

using USSD as a solution and our USSD library will well in creating innovative services aimed

at marginalized users throughout the world.
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Chapter 8

CONCLUSION

Digital technologies exist in a strange duality that is simultaneously intangible and yet

very material. There is no way to ’hold’ an SMS message, and unlike a dose of a tuberculosis

fighting antibiotic, it is impossible to put an SMS message on truck or observe a patient

taking it. This immaterial nature of digital technologies makes them perplexing agents of

change — how, one may ask, are pixels on screen or information stored on a hard drive going

to do anything. However, while digital technologies might not do much, what little they

do do, they do extremely well. They are so effective and efficient at storing, transferring,

and processing information that they leapfrog other technologies existing on the fringes of

electrification, running water, and strong road networks.

The aspiration of ICT4D is that this power of digital technologies can act as a catalyst

for actual change. This dissertation is a deep dive into how one of the simplest and most

ubiquitous of technologies – the SMS – can be that catalyst. Of course any individual SMS

is tiny part of a much larger process aimed at connecting end users to health professionals

and domain expertise. Ultimately, this has been the main objective throughout the design

and deployment of the mWACH platform. The details of creating this semi-automated bi-

directional messaging platform and evolution of projects in the mWACH suite was described

in Chapter 3.

8.1 Contributions

In total five different maternal health focused studies where conducted on the platform in

peri-urban and semi-rural Kenya. The contributions of this thesis extend beyond the platform

development to take a highly quantitative view of mobile messaging in the Kenyan context.

In Chapter 4, I present details on system engagement, messaging content and language use,
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and semi-automated conversations for the first deployment of mWACH. mWACH v1 showed

that not only would mothers respond to automated messages, they do so quickly and find

utility in responses from study staff. In Chapter 5 I showed how the mWACH platform could

be modified to facilitate a postpartum family planning conversation between the system,

study staff, mothers, and their male partners. This work showed that while it is hard to get

male partners to engage on family planning via SMS, when they do engage, it is on the same

topics as the mothers. Furthermore, by adding the male partners, every couple dyad sent at

least one message into the system – something not true of any of the other studies.

A substantial contribution of this work is the longitudinal analysis in Chapter 6. With

over two years of messaging for the two-way arm in mWACH X, I was able to take a

quantitative view of understanding messaging behavior. This work shows how a small

minority of participants are responsible for the bulk of sustained engagement with the system.

In addition while the majority of messages are received almost immediately after sending,

after a year of messaging the bottom quartile of participants stop receiving all SMS messages.

This analysis gives a detailed view of what a large scale SMS intervention should expect in

terms of response rate, drop off, and conversation lengths.

Finally in Chapter 7 I describe the larger universal application design space for M4D with

stateful and stateless versions of voice and text protocols. I show how the session based text

USSD protocol is understudied in the M4D literature and how the emergence of third-party

USSD gateways creating has reduced the barrier of entry to USSD projects. This work ends

by describing what features could be included if SMS based platforms like mWACH platform

were implemented with USSD.

8.2 Final Remarks

This dissertation provides a detailed look at the design, deployment, and evolution of a

semi-automated bi-directional messaging platform with the goal of connecting end users

to medical staff via basic mobile phones. The mWACH model of open ended questions

encouraging conversation between patients and providers is very different from other mHealth
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projects with either one-way push messaging or limited two-way responses. Analysis of

system engagement and use shows that participants will engage with the system and evidence

from our RCTs suggests that bi-directional messaging improves health outcomes over no

messaging at all. However, work needs to be done on operationalizing the mWACH model

and incorporating it into health systems.

The challenge for future health messaging projects is not understanding what works,

but rather figuring how to scale while integrating with standard of care. As systems scale

further research is needed into natural language processing techniques that triage and classify

incoming messages, decentralized models that utilize community health works as points of

contact for participants, and supporting the integration with health system data collection

systems. The degrees of freedom for any mobile health project are extraordinarily large

and many variables are arbitrary set. Isolating the individual effects like message frequency,

duration, or content when evaluating a systematic intervention difficult. The contributions

of this thesis will help researches, practitioners, and policy makers decide on the scope and

properties when scaling and developing future health messaging platforms.
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