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ABSTRACT

In low-income regions, mobile phone—based tools
can improve the scope and efficiency of field
health workers. They can also address challenges
in monitoring and supervising a large number of
geographically distributed health workers. Several
tools have been built and deployed in the field,
but little comparison has been done to help under-
stand their effectiveness. This is largely because no
framework exists in which to analyze the different
ways in which the tools help strengthen exist-
ing health systems. In this article we highlight 6
key functions that health systems currently perform
where mobile tools can provide the most benefit.
Using these 6 health system functions, we compare
existing applications for community health work-
ers, an important class of field health workers who
use these technologies, and discuss common chal-
lenges and lessons learned about deploying mobile
tools. Mt Sinai J] Med 78:406—418, 2011. © 2011
Mount Sinai School of Medicine

Key Words: CHW, CommCare, community health
workers, ICT4ACHW, mHealth, mobile field workers,
mobile health, mobile phones.

Many personal digital assistant (PDA)- and phone-
based systems have been developed for health
workers in low-income settings. Applying mobile
devices and applications to health problems in low-
and middle-income countries (LMICs) is commonly
referred to as mHealth. Using mobile technology
to address these problems provides many advan-
tages compared with traditional approaches. For
example, mobile data collection is much faster
than collecting data on paper and later enter-
ing the results into a computer database, and
has a reduced risk of transcription error. Mobile
applications for data collection or decision sup-
port ensure branching logic is correctly followed
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and that only wvalid data values are accepted.
Mobile devices allow rich forms of data to be
captured, including pictures, audio, video, or geopo-
sition information. Linking mobile workers through
a central server helps manage referrals to other
health facilities and aids interclinician communica-
tion. These are just a few examples of how mobile
phone—based systems can help improve health care
in LMICs.

During the last few years, there has been work
that extends these advantages to community health
programs; this is informally known as ICT4CHW
(Information and Communication Technology for
Community Health Workers).! Despite the many
projects in the ICT4ACHW space,® !0 relatively little
has been formally published and there has been no
comprehensive effort to describe the systems relative
to one another in an effort to determine what factors
influence the success or failure of each. The objec-
tive of this article is to identify trends, challenges,
and opportunities in this new field.

Despite the mamny projects in
Information and Communication
Technology for Community Health
Workers (ICT4CHW), relatively
little bas been formally published
and there has been 1no
comprehensive effort to describe
the systems relative to one another
in an effort to determine what
Jfactors influence the success or
Jfailure of each.

In this article we first identify 6 important health
system functions (HSFs), or common functions that a
health system must perform, where mobile applica-
tions have been used. Second, we discuss common
challenges for deploying mHealth tools. Third, we
provide a brief overview of community health pro-
grams, illustrating the relevance of each of the
6 HSFs. Fourth, we present a comprehensive review
of mobile applications designed for use by commu-
nity health workers (CHWs) that incorporate many of
these different HSFs. We also identify a set of Infor-
mation and Communication Technology (ICT)-based
systems that are meant to be used in every visit,
and target many or all of the HSFs. Finally, we elab-
orate on lessons learned and potential benefits of
ICT-based systems.
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OVERVIEW OF MOBILE SUPPORT FOR
HEALTH WORKERS

Mobile phones increasingly offer many features
beyond voice and text messaging. Such phones are
rapidly becoming cheaper, more powerful, and more
common in remote areas of low-income regions.
These phones bring increased Internet connectively
through general packet radio service and other cel-
lular technologies, which have contributed to the
increased adoption of mobile tools for supporting
health workers. We identify the following 6 HSFs in
which mobile tools support health workers in LMICs:
data collection, training and access to reference
material, communication between health workers,
decision support, supervision, and promoting healthy
behaviors in the population.

Health System Function 1:
Data Collection

Health systems require many forms of data collec-
tion, such as household surveys, routine reporting
from clinics, and supervisory reports. Typically, these
data are collected on paper forms and later entered
into a computer database. If high accuracy is needed,
2 data clerks will digitize the forms and discrepancies
are resolved. Mobile data collection systems have the
benefit that users capture data directly into a PDA
or phone and it is uploaded directly to a centralized
server.

There are a number of PDA- and phone-based
systems that have been developed to improve data
collection and decision support in LMICs. Table 1
summarizes the advantages, as well as the chal-
lenges, of mobile phone—based survey instruments.
These systems offer many advantages compared with
paper-based data collection. The data are collected
more quickly and with reduced risk of transcription
error. Additionally, the data-collection software run-
ning on the mobile device can ensure that branching
logic—eg, only ask the pregnancy question if the
gender is female—is correctly followed and that only
valid data values are accepted.

Recent advances in mobile phone capabilities
are making many innovative data-collection strategies
possible. Global positioning system (GPS) technol-
ogy built into a mobile phone can be used to
track the health worker and identify the location of
homes in the absence of mapping systems.!! Mobile
phone—based applications have been used in a wide
variety of surveillance activities.!? These include gath-
ering data on respiratory illness,'? maternal and child
health,'* and child nutrition.!>
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Table 1. Advantages and Challenges of Mobile Phone—
Based Data Collection.

Advantages Challenges

Reduced errors from
transcription

Data exchange and
interoperability issues
between different systems

Coordination and
communication constraints
leading to duplication of
functionality across
systems

Complexity in deploying
workflow management in
systems developed for
data collection

Privacy concerns with
wireless transmission

More timely survey
completion and access
to data

Support for complex
branching logic,
making surveys easier
to administer

Automatic constraints on
questions (eg, no
temperature >110°F)

Better adherence to
survey questions

Reduced cost per survey
over long term

Loss or theft of mobile
devices

Poor or absent connectivity

Difficulty keeping batteries
charged

Several open-source data-collection systems for
phones have emerged recently. Open source means
that the original source code is available for down-
load free of charge so that anyone can modify or
expand upon the original application. Companies
who release the source code of their products often
make their money by supporting the software, mak-
ing custom modifications, or handling the installation
and infrastructure requirements for customers.

EpiSurveyor'® from DataDyne enables its users
to create a data-collection form, download it onto a
Java-enabled cell phone to collect data, and send that
data to a central database. It is cloud-based, and at the
time of writing in early March 2011, has >3200 users
around the world with >134,000 forms collected.
EpiSurveyor allows for geo-tagging of forms and has
advanced logic functionality. Open Data Kit (ODK)!/
is a free and open-source collection of tools that help
organizations collect, aggregate, and visualize the
data. Built on the Android platform, ODK can replace
paper forms to enable capture and playback of multi-
ple data types, including text, location, photos, video,
audio, and barcodes. It also supports editing saved
forms, question grouping, constraints, complex logic,
and multiple languages. Many of the mobile-phone
data-collection projects are based on a few core
open-source technologies, including JavaRosa and
RapidSMS. For example, both EpiSurveyor and ODK
are built upon the JavaRosa software platform. The
consistent use of these platforms for data collection
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has enabled communities of developers and imple-
menters to collaborate and build on each other’s
experiences.

Health System Function 2:
Training and Access to
Reference Material for Health Workers

A core activity of any health system is the initial
and continuous training of its health workers. Health
workers of every cadre need to be trained before
they begin their work and retrained frequently as
new procedures are introduced. Technologies that
have the potential to make training more efficient,
less expensive, or more effective can greatly benefit
a health system.

In Uganda, AED-SATELLIFE is delivering clinical
content to health care providers working out of
community health centers in remote areas of Uganda
using handheld computers, wireless access points,
and wireless communications infrastructure.'®

Health System Function 3:
Facilitating Communication among
Health Workers

Health workers must often talk to each other for
advice or expertise, or to manage referrals to other
clinics. Mobile phones provide an obvious benefit for
facilitating communication among distributed work-
ers in LMICs. Various studies have documented the
use of cell phones by medical residents,'” health
workers,? and nurse midwives?! to communicate
with peers, supervisors, or patients on health issues.
World Vision’s Aceh Besar Midwives with Mobile
Phones Project was started to use mobile communi-
cations and technology to facilitate, accelerate, and
improve the quality of health services by connecting
midwives to obstetrician-gynecologists.??

Mobile phones are used for coordination in
responding to emergencies, consulting with subspe-
cialists, accessing second-line staff, obtaining consent
or permission for action, and receiving and dis-
cussing results from lab tests. In other instances,
birth attendants coordinate care with delivery nurses
and physicians in cases of complicated births. Physi-
cians are also using smartphones to access sensor or
image data on their mobile phones.

Telemedicine is an important example of how
health providers can communicate remotely. Projects
have used phones to capture images for assessment
by specialists,?>?* and have even been used to help
assess stroke victims.?> Dimagi, along with the Centre
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for Infectious Disease Research in Zambia and oth-
ers, implemented a cervical screening project where
nurses were trained to perform visual inspection with
acetic acid aided by a mobile phone application that
sent images of the cervix for cervical cancer screen-
ing by an expert.? University of Pennsylvania, in
partnership with ClickDiagnostics, has implemented
pilots in Botswana in dermatology, radiology, cer-
vical cancer, and oral medicine. Using cell-phone
cameras, images are transmitted to remote physicians
for interpretation and diagnosis.?” The mobile health
care services mQure in India*® and Telemedicine Ref-
erence Center Ltd in Bangladesh?’ provide access to
health care providers over cell phones along with
short message service (SMS)-based reminders. These
services have enabled patients in rural and remote
areas access to quality medical care.

Health System Function 4:
Providing Job Aids and
Decision Support

Numerous studies have shown that health care can
be improved through job aids and decision support.
Several mobile applications have been designed to
help clinicians adhere to the clinical guidelines. This
is important, because improved adherence to clinical
guidelines can reduce mortality rates. In Tanzania
it was shown that the Integrated Management of
Childhood Tllness (IMCD guideline reduced child
mortality.?’ Unfortunately, it is also commonly
observed that health workers do not fully adhere to
the procedures they have been trained to perform.3!

Mobile applications can guide health workers
through complex decision-support protocols and
clinical algorithms by presenting one question at a
time, with a question automatically determined by the
answer to the preceding question. For example, the
e-IMCI program running on a PDA was shown to sig-
nificantly improve clinicians’ adherence to protocols
for treating childhood illness in a small study in rural
Tanzania compared with clinicians using traditional
methods.

Health System Function 5:
Supervision of Health Workers

In order for a service-delivery system to run
effectively, the workers must be consistently and
adequately supervised. Improved supervision has
been shown to have a substantial impact on the
performance of a health care system.’®> Supportive
supervision has been show to “consistently [have]

409

moderate to large effects” in combination with other
“managerial tools.”3*

For community health programs, supervision is
often a neglected and under-resourced component.!*
In most cases, supervision is performed by staff
who “may not understand the CHWSs or their
own role properly and. . .may resent the additional
task.”® The need for supervision also holds true
in high-resource settings in order to maintain CHW
performance.3® The majority of supervision of CHWs
occurs during follow-up in the field, where super-
visors often accompany CHWs on home visits and
review any data collected by the CHWs. There are
a number of challenges for supervisors. They are
generally unskilled, they lack tools and transport
to perform their duties, they are often burdened
with administrative and reporting responsibilities,
they may miss planned supervision visits, and people
seem to become demoralized to the point that “no
one seems to care whether supervision is done.”3*

Mobile applications have the potential to enable
more effective supervision. When health workers
use mobile tools, their activity can be monitored
in near real-time, providing supervisors with the
ability to more quickly react to changes in health
worker behavior and provide corrections or positive
feedback. Remote guidance can be provided from
supervisors, as well as automatic supervision in terms
of motivating messages or reminders.

Health System Function 6: Promoting
Healthy Behaviors in the Population

In addition to treatment, most health systems pro-
mote preventive care and other healthy behaviors
in the population, as well as provide post-treatment
support. Mobile phones offer an attractive way to
quickly reach large populations through the phones
they own. A number of SMS- and mobile applica-
tion—based interventions, including games, incentive
programs, and chronic disease—management tools,
have been deployed for preventive health.

The Claim Mobile project in Uganda®”3® is incor-
porating a mobile-payment system for health care
payments and claims adjudication to speed up the
process of reimbursements for sexually transmit-
ted infection tests. Johnson & Johnson’s BabyCenter
provides advice and information to parents before,
during, and after pregnancy through weekly SMS
delivered based on the mother’s delivery date. Voxiva
offers mobile solutions designed to educate partic-
ipants, encourage behavior change toward healthy
lifestyles, and promote adherence to their treatment
protocol in the areas of maternal health, smoking

DOI:10.1002/MSJ
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cessation, diabetes, human immunodeficiency virus
(HIV)/acquired immune deficiency syndrome (AIDS),
flu, and fibromyalgia. Dimagi is running a National
Institutes of Health—funded study at Boston Med-
ical Center in which HIV/AIDS patients are sent
customized text messages to improve their compli-
ance with antiretroviral therapy (ART) regimens. In
a similar project by WelTel Kenya, patients on ART
who received weekly SMS messages from a clinic
nurse and were required to respond within 48 hours
to those messages had significantly improved ART
adherence and rates of viral suppression compared
with individuals in a control group.?’

CHALLENGES FOR MOBILE TOOLS

Table 1 lists many common challenges for deploying
mobile phones. There is no single solution to these
problems, but most of these must be addressed for
any mHealth deployment. The challenges and solu-
tions presented here are pulled from experiences
of the authors and those shared on the ICT4CHW
mailing list.!

Some of the challenges relate to maintaining
and operating the handsets, including keeping the
phones charged, dealing with areas of low connec-
tivity, and managing the loss or theft of the mobile
phones. The extent of these operational challenges
varies depending on the country and the implement-
ing program, and must be taken into account in terms
of calculating the total cost of introducing a mobile
application into a health system.

Mobile applications may introduce or alter pri-
vacy concerns. Any system that captures patient data
electronically introduces risk during transmission and
storing of the data. Some mobile applications also
present the challenge of having patient data avail-
able on multiple handsets, and many phone software
platforms make it difficult to protect access beyond
basic passwords.

Another challenge for organizations deploying
electronic solutions is how to link different tools
together and how to link them to existing databases.
Even within the same health program, there might
be different data systems developed at different times
or from different funding sources. This leads to sep-
arate platforms being run by government-supported,
private, and grant-funded health care infrastructure.
Many open standards have been proposed to address
this issue; however, no single set of standards has
become universally accepted.

Even if we ignore data exchange between
different systems, organizations utilizing the same
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core platform often find it hard to leverage each
other’s software modifications due to the increased
overhead of coordination and communication. More
commonly, organizations are able to share best
practices and lessons learned, but end up writing
their own new modifications no matter how similar
in functionality they may be to another existing effort.

Finally, the goals of many organizations are
unclear when they deploy applications. They may
begin with a focus on mobile data collection to
improve an existing paper process, but they quickly
want to support actions resulting from the data col-
lected. This presents a challenge for organizations
adopting mobile data collection technologies, as the
technologies that are easy to deploy for data col-
lection may not be suitable for creating customized
workflow support.

The goals of many organizations
are unclear when they deploy
applications. They may begin with
a focus on mobile data collection
to improve an existing paper
process, but they quickly want to
support actions resulting from the
data collected. This presents a
challenge for organizations
adopting mobile data collection
technologies, as the technologies
that are easy to deploy for data
collection may not be suitable for
creating customized workflow

support.

NEED FOR MOBILE TOOLS IN
COMMUNITY HEALTH PROGRAMS

Despite large differences between programs and
countries where CHWs “can be men or women,
young or old, literate or illiterate,”* several elements
are common across community health programs. The
vast majority of the programs involve training CHWs
to visit homes and promote healthy behaviors. In
some programs the CHWs visit every household in
their catchment area, whereas in others they visit
target demographics (eg, newborns or HIV+ individ-
uals). Some visits are routine, and others are targeted
visits (eg, following up with lab results). But in almost
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all cases, the CHWs themselves are mobile, and thus
mobile applications represent the primary means to
provide electronic support.

Additionally, all 6 uses of mobile phones men-
tioned above (HSFs) are applicable to community
health programs. For example, the majority of pro-
grams collect data (HSF 1) during visits to provide
longitudinal care, track client health over time, and
fulfill monitoring and reporting requirements. How-
ever, in traditional CHW programs, much of the data
collected by CHWSs is never analyzed and reported
back to the community where it was collected. Thus,
ICT4CHW systems have the potential to provide a
new source of health surveillance data.

The CHWSs must be trained appropriately and
continuously (HSF 2). Targeted follow-up training
has been shown to lead to CHW performance
improvements.>* Computer-based trainings have
been found to be potentially less expensive and
“as effective as traditional methods.3

Access to health experts and health information
is another major challenge facing all levels of health
workers (HSF 3). They “lack access to basic, practical
information to enable them to deliver safe, effective
care.”*! Written reference materials are the traditional
way of supplying this information.

A job aid (HSF 4), such as a checklist, worksheet,
communication aid, or other set of short instructions,
can be useful for CHWs to perform their routine tasks.
In Zambia, CHWs were able to use rapid diagnostic
tests more quickly with the assistance of a job aid
explaining the steps.*?

Rowe et al. found that “dissemination of written
guidelines without additional interventions was
generally ineffective” with CHWSs.> The written
guidelines being referred to are a verbose explanation
of a task, as opposed to a job aid that summarizes
the task. This reinforces the point that adequate
training is required and that CHWs need to be
linked to health expertise, as opposed to only health
information.

Furthermore, a review found that poor perfor-
mance of CHWs was not due to only a lack of knowl-
edge and skills.?> One longitudinal study of CHW
performance found that although the first follow-
up training intervention was successful, performance
decreased after a second refresher training.®

As discussed in the section on supervision (HSF
5), there are a number of challenges facing supportive
supervision of CHWs. Difficulties with reporting,
managing geographically distributed workers, and
automation of mundane tasks are all areas to address
when improving supervision with mobile tools.

Finally, one primary role of CHWs is to pro-
mote healthy behavior among their clients (HSF 6).
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Mobile phones have the potential to increase CHW
effectiveness by providing educational tools or sup-
plementing their efforts with automated outreach in
between CHW visits to clients who own phones.

SURVEY OF INFORMATION
AND COMMUNICATION
TECHNOLOGY SYSTEMS FOR
COMMUNITY HEALTH WORKERS

In this section, we review ICT projects that specifically
aim to address the needs of community health worker
programs. In Table 2, we categorize the projects dis-
cussed in this section by the HSFs that they target. We
also compare the projects to one another in Table 3,
where we look at the higher-level properties that
emerge.

Discretionary Systems

One class of ICT4CHW systems are those that can be
used at the discretion of the CHW and tend to target
one particular use of mobile phones within health
care.

Medic Mobile is an example of an ICT4ACHW
system that helps facilitate communication among
health workers (HSF 3). Medic Mobile is built on
top of the FrontlineSMS platform* and provides
a new communication medium over SMS for
health facilities.” The SMS messages are generally
unstructured, freeform text. As an example, messages
from the CHW might contain updates about patients,
double-checking drug dose and use, questions about
a patient, or a note to alert clinics of a referral. Clinics
may send messages to check on the status of a CHW
or patient or ask the CHW to mobilize the community.
One lesson from Medic Mobile is the value of
allowing a flexible system that the CHWs can decide
how to use. Patterns of usage emerge as the CHWSs
send messages that can be acted upon by clinic staff.

HealthLine provided low-literate CHW's access to
health expertise (HSF 2) through an automated inter-
active voice recognition system that would provide
health information.® Although it was never deployed,
the system was evaluated by CHWs in the Sindh
province of Pakistan.** The authors ran 3 different
pilot studies with 10 users each before running a
more formal user study with 18 participants. There
were 2 main conclusions: the literacy of a user
directly impacts his/her ability to complete a task,
and a well-designed speech interface can outperform
a touch-tone interface, independent of literacy.

DOI:10.1002/MSJ
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Table 2. HSF Improvement for ICT4CHW Systems.
HSF 1 HSF 4
Data HSF 2 HSF 3 Decision HSF 5 HSF 6
Project Collection Reference Communication  Support Supervision Behavior
Medic Mobile  Unstructured SMS expert SMS
HealthLine IVR system
GuideView Multimedia
guides
First Days Educational
and
testimonial
video
ChildCount Child registration Weekly printed
sheet,
(planned)
automated
reminders
ClickDoc Multimedia data Send to remote Yes
collection expert
CommCare Case Automated Yes Automated
registration™ reminders reminders

Abbreviations: HSF, health system function; ICTACHW, Information and Communication Technology for Community
Health Workers; IVR, integrated voice response; SMS, short message system.

*Each CommCare deployment can specify cases to be registered and followed up (eg, pregnant mothers, households, or
suspected cases of tuberculosis).

Table 3. Comparing Properties of ICT4CHW Systems.

Used Structured Register
Project License Status Every Visit Data Cases Phone Type

Medic Mobile Free Pilot/development (optional plug-in) Basic*
HealthLine Unreleased! Pilot Basic
GuideView Unknown Pilot v Feature ¥ smart’
First Days Unreleased! Pilot v Feature
ChildCount FOSS Deployed v v v Basic
ClickDoc Unknown Pilot v v v Android
CommCare FOSS Deployed v v v Feature, Android

Abbreviations: FOSS, free and open source software; ICTACHW, Information and Communication Technology for
Community Health Workers.

*Basic phones support only voice, SMS, and the SIM Application Toolkit (very basic menu-only applications).
tUnreleased means that the code is not publicly available, but it is free if the authors of the respective project are
contacted.

Feature phones support custom applications, often written in Java.

SGuideView is available on the feature phones and the iPhone, with more smartphone platforms planned.

GuideView provides automated job aids to
CHWs (HSF 4). Originally designed for astronauts
needing to provide medical support for one another,
it allows practitioners to design multimedia clinical
guides for use on phones and other devices.*> In a
controlled study of 10 users, it was found that voice
advice was considered “indispensable,” though text
with still pictures and video were favored as well
Most recently, the system has been adapted for a
study with 50 CHWs in Colombia, where it was

found that using GuideView reduced errors by 35%
and increased adherence to protocols by 35%.47

The First Days project helps CHWs promote
healthy behaviors in the population (HFS 6). First
Days aims to “mobilize health workers to improve
maternal and child health in rural India.”*® CHWs
are given phones with educational and testimo-
nial videos. The goal is that during a household
visit, the videos will prompt discussion and encour-
age a client to adopt healthy practices. Drawing

DOI:10.1002/MSJ
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on work in persuasive technologies and tutored
video instruction, a pilot of the First Days project
aimed to persuade village women to adopt healthier
practices and to increase the self-efficacy of CHWs in
order to motive them to improve their performance.
Researchers found that videos engaged both CHWs
and clients, CHW self-efficacy showed “marginally
significant gains (P = 0.06)” and there were “modest
learning gains” by the CHWs. It was also found that
making the videos was very engaging and impor-
tant individuals in the community participated “to a
surprising extent.”®

Information and Communication
Technology—Based Systems

The second set of systems we label ICT-based CHW
systems and define them as having the following
properties: (1) Every visit is captured electronically
(no visits without the mobile phone), (2) structured
data is collected, (3) data are sent in real time, and
(4) the system allows CHWSs to register and track
clients.

The properties of ICT-based CHW systems are
restated in Table 4 and the benefits of such systems
are detailed. Each ICT-based system tends to support
many of the mobile functions described above.

One ICT-based system that relies on SMS is the
ChildCount project.? It was designed for use with sim-
ple phones, but was also extended to support manual
paper-based data collection as well in the event that a
phone is not available. The CHW:s follow a worksheet
to generate structured texts that are either sent via
SMS or recorded on paper entered at a later time by
data entry clerks. For example, sending “new diallo
fatimata f 080408 Amie” via SMS would register a new
female child named Fatimata Diallo. Her mother’s
name is Amie and she was born on August 4, 2008.

Table 4. Properties and Benefils of ICT-Based Systems.

Benefits of
ICT-Based Systems

Properties of
ICT-Based Systems

Application used for
every visit

Structured data is
collected

Data is sent in real time

Automated reports on CHW
activity for supervisors
Data can be used for health
surveillance

Reports available in real
time for monitoring and
evaluation

Automated reminders about
following up on cases

CHWs can register and
track cases

Abbreviations: CHW, community health worker; ICT,
information and communication technology.
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ChildCount supports registering children aged
<5 years, reporting measurements from a nutritional
screening and reporting the result of a malaria
rapid-diagnostic test. The system is being expanded
to include capturing child deaths, pregnancies, and
births; support for diarrheal illness through oral rehy-
dration salts and zinc; drug-inventory management
for CHWs and clinics; and an alert system for clinics to
dispatch CHWs to follow up on sick patients.? Child-
Count is built on top of RapidSMS* to automatically
receive and parse incoming SMS from the CHWs.
The server will process and respond to SMS in real
time. For example, when it receives a nutritional
screening data form, the system will classify the
child and recommend a treatment, if any. Finally,
the server generates reports on CHWs and their
clients to enable better supervision by identifying
CHWs who are struggling and more targeted inter-
ventions by looking for trends in the population
data.

One of the interesting findings from ChildCount
was the value of providing printed lists to the CHW's
each week, with a list of each of the CHW’s clients
and their status. The list would include any updates
made by the CHW that week to their clients. This
provided a useful overview for a CHW, allowing
them to see which clients needed further attention.
More important, this feedback loop would motivate
the CHW to continue to use the system.

ClickDoc is an ICT-based system that runs on
the Android operating system.” It allows the health
worker to fill out surveys and capture pictures so
that complex cases can be sent to remote experts. A
tele-dermatology solution was built in Egypt and pre-
liminary results show that remote and on-site experts
came to the same diagnosis in 75% of cases.’! In
Botswana the software was extended to add cervi-
cal cancer screening, with almost 77% of screenings
diagnosed the same between remote and on-site.>?
In both the Egypt and Botswana studies, the dis-
agreement was the result of “insufficient history” of
the patient’s situation being communicated to the
remote professional. In Bangladesh, CHWs visiting
households collect data on mothers and children.
Results are automatically analyzed and categorized
so that doctors can review cases with high-risk pro-
files. Information is then returned to the CHW (and
then the client) either immediately or the next day,
depending on doctor availability.>?

CommCare, which several of the authors have
worked on, runs on feature phones or Android and
supports various modules so that it can be customized
to a particular CHW program.4 For example, a Comm-
Care deployment run by Pathfinder International and
D-Tree International in Dar es Salaam, Tanzania,
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Fig 1. Number of household follow-up forms received.

supports CHWs who are registering and following
up with patients who need chronic care—the vast
majority being HIV+.

A CommCare deployment in Dodoma, Tanza-
nia, supports a module for routine household visits
and a module for pregnant women. The household
visit module allows households to be registered and
tracked over time. If there is a serious illness or
wound, a referral can be generated to refer the
household member to the health facility. These refer-
rals are also tracked so that the CHW follows up with
the household to ensure care was received.

The pregnancy module allows CHWSs to register
pregnant women and track them over time. It
includes a checklist of healthy actions to complete
before the woman gives birth. Danger signs are
assessed at every visit in order to identify high-risk
pregnancies, and the case is closed once the woman
gives birth.

In Dodoma, there are 35 CHWs using Comm-
Care. In the first 9 months that the deployment was
running, we received >12,600 home-visit follow-up
forms. Figure 1 shows the number of household
follow-up forms received, broken down by week
during the fourth quarter of 2010 and the first two
weeks of 2011. As expected, there was a decrease in
activity during the holiday period. Out of all of the
household follow-up visits captured, a member of the
household is referred to the health facility 24% of the
time, with 90% of the referrals being about sickness
or a wound. The remaining 10% are for pregnant
women being referred for antenatal care or for birth
registration of newborns.
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The mobile phones send their data to a
server called CommCareHQ. This is a Django-based
platform to be used by supervising staff of the
implementing partner to view the status of the CHW's
and the clients. It can produce automated reports
for staff and is being expanded to produce and
send automated reminders. Similar to FrontlineSMS,*
CommCareHQ also allows SMS messages to be
sent and received using RapidSMS as a backend
support.

An important shift in CommCare has been to
introduce multimedia elements to reinforce each step
in the forms, including both audio and icon or
images. This helps CHWs with lower literacy who
might not able to use a text-based system. It also
turns the application into a powerful educational
tool, borrowing elements from the First Days project
described in the previous section. The CHWs show
their clients the images and play the audio clips to
help reinforce the points and also stimulate more
discussion.

Computer-Supported Supervision
for Information and Communication
Technology—Based Systems

Improved supervision (HSF 5) is an area of great
promise for ICT4ACHW systems, which can address
several of the challenges of supervision, including
communication difficulties between supervisors and
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Improved supervision (Health
System Function 5) is an area of
great promise for ICT4CHW
systems, which can address several
of the challenges of supervision,
including communication
difficulties between supervisors
and community health workers.

CHWSs. These systems can provide higher-quality
information about the CHWs and offer a commu-
nication medium, given that supervisors and CHWs
rarely see one another.

Capturing data immediately from the field avoids
the delay of using paper records that are later entered
by a data-entry clerk. This enables data to be aggre-
gated in real time, allowing organizations to make
informed decisions and respond more promptly to
needs in the field. The data from ICT-based system
can be used to support supervisors in a variety of
ways, including:

Client Status

As a result of capturing structured data during routine
visits, the status of clients can be computed, making
it easy to construct reports showing which of those
clients have been visited recently—or not—and which
are routinely having trouble. Communicable disease
incidence can also be explored on an aggregate level
across locations.

For example, if the CHWs were collecting
sickness data at a household level with GPS, it would
be possible to map the incidence of sickness to look
for hot spots. Even if GPS is not used, the data could
still be mapped by CHW catchment area.

CHW Status

Similar to client status, the performance of individual
CHWs can be tracked. The number of visits per day
can be computed, and supervisors can look at the
most recent visits to ensure the CHWSs are visiting
their clients regularly enough.

As an example, CommCareHQ, the backend
for the CommCare project, generates email reports
indicating the activity of each CHW using CommCare.
Authorized users can receive reports as frequently
as desired. The reports show the number of forms
submitted over each of the last several days, as well
as the total number of active clients for each CHW,
and how many of those clients are overdue for a visit.

415

Automated Reminders
In rural areas, time to care is extremely important. In
Uganda in 2008, Killander et al. looked at fatal pneu-
monia cases in children and cited “delays in seeking
care” as one of 3 primary reasons for the deaths.>?
Timeliness was also one of the metrics used by
Shankar et al. when measuring CHW performance.
Automated reminders can be sent to ensure
the CHWs make timely visits. These reminders
are enabled because the application captures every
visit, allowing important events to be tracked. For
example, a reminder could be sent to a CHW who has
overdue visits, as defined above, requesting that he
or she follow up with those clients. Similar reminders
can be sent to CHWs who have referred clients to the
health facility to ensure the client was able to receive
care.

Activity Reports

Ramachandran et al.® reported that CHWs are often
are not performing the required number of home
visits. Sending activity reports that briefly state the
amount of work done (eg, number of households
visited or number of overdue clients) to a group of
CHWs may be a way to take advantage of social
persuasion to improve CHQ performance, though
further exploration and design is required.

Lessons Learned

There are a number of lessons learned from these
early deployments of ICT4ACHW systems. Similar to
the challenges listed earlier, the lessons presented
here are pulled from experiences of the authors and
those shared on the ICT4ACHW mailing list.!

An important lesson learned is not to automate
broken systems. If a community health program is
not functioning well, then it is unlikely that adding
an ICT4CHW component will solve the underlying
problems. These systems are best seen as tools that
can strengthen a program, rather than salvage it.

Another important lesson pulled from our review
of these systems is the gap between how a CHW
program was originally designed to work and how
it is functioning in the field. This has a significant
impact when trying to introduce automation, because
automating the original design will fail if what is
happening in the field deviates significantly. As
an example, a community health program is often
designed to include a large number of visits and
material to be covered at each visit. However, CHWs
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If a community bealth program is
not functioning well, it is unlikely
that adding an ICT4CHW
component will solve the
underlying problems. These
systems are best seen as tools that
can strengthen a program, rather
than salvage it. Another important
lesson is the gap between how a
CHW program was originally
designed to work and how it is
Sfunctioning in the field.

may find it impractical to follow the program design
fully. When an automated system that provides more
tools for supervision is introduced, this tension is
brought to the surface. Ultimately, this is an advan-
tage because it forces the CHWs and the program to
converge. The CHWs must more closely follow the
program and the program must become more prac-
tical. However, it also entails a lot of programmatic
work to revise the overall community health program
to be more practical.

A related lesson is the need to allow substantial
time to iterate on any new system with real users. A
typical CommCare deployment will schedule several
months of “refinement,” which takes place after an
initial prototype has been designed with input from
experts and users, but before a pilot. The refinement
period can have as few as 5 users who meet with
a field implementer frequently. During this stage,
the system is modified frequently and new ideas
are tested. After the refinement period, the pilot
might be run with 30—40 users. During this time, the
application is changed much less frequently.

An important, albeit common, observation is that
context matters. It is important to understand the
dynamics of how people use phones. For example,
it can create excitement as well as conflict to give
a CHW a phone if her husband does not have one.
Similar to context, content matters as well. One les-
son that has come up repeatedly is that getting the
messages, images, or audio clips right can make a
difference in how well an ICT4ACHW system functions.

Almost all of the lessons above are variations on
a commonly stated theme: technology is not the diffi-
cult part—what matters most is how the technology is
used. Incentives must also be aligned properly, and
a mechanism to adapt the system over time must be
present.
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CONCLUSION

Community health workers have the potential to pro-
vide health information, encourage healthy practices,
and be an accessible point of entry into the national
health system for rural and low-income populations.
However, CHW programs are difficult to maintain
because of challenges in monitoring and supervising
a large number of geographically distributed health
workers. Mobile applications provide an opportunity
to address these challenges by strengthening CHW
programs and making them more efficient.

In this article, we identified 6 key HSFs where
mobile phone applications are providing benefit. We
surveyed peer-reviewed and grey literature publi-
cations about mobile-phone applications, discussing
them in the context of the identified HSFs. We also
discussed the challenges and lessons learned from
mHealth systems. Finally, we identified criterion for
ICT-based applications CHW systems and enumer-
ated the benefits of such applications.

It is clear that using mobile phones to increase
CHW performance is an important area and that there
is a lack of work evaluating such interventions. One
way to address this is for funding agencies to require
an evaluation component in the mHealth projects
they fund. The technology providers can also pro-
mote research about health outcomes by educating
their clients about research design and analysis and
collaborating with the implementation partners for
such studies. The results of studying the impact of
technology in this setting will help organizations
design and implement more effective interventions.
Not only will they generalize across CHW programs,
but they will also benefit mobile field workers in
other domains, such as agriculture, microfinance, and
livestock.
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