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Abstract mHealth offers a unique opportunity to improve access, quality, and
adherence of care in last mile and low-resource settings around the world. However,
the path to scale for mHealth interventions can be complex and challenging due to
the barriers presented by fragmented infrastructure, policy gaps, and more. This
chapter proposes a framework of nine key components that are essential for the
successful scale-up of mHealth including mature infrastructure, a conducive pol-
icy environment, strong institutional partnerships, well-designed and context-
appropriate technology, a skilled health workforce, financial sustainability, inter-
operability, and an evidence-based approach to mHealth. While not exhaustive, this
framework offers implementers and policymakers a potential path to scale up
mHealth interventions in order to strengthen health systems and improve health
outcomes—particularly in remote communities around the world.
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3.1 Introduction

mHealth has unearthed a unique opportunity to improve the delivery of healthcare
in the most disconnected and remote regions of the world. Nowhere is this more
pronounced than in low- and middle-income countries (LMICs) where health
systems often face many challenges and require innovative solutions to strengthen
these systems and improve health outcomes (Mills, 2014). Leveraging mobile
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technology to address these burgeoning health systems challenges, the field of
mHealth has experienced a gold rush in recent years with more than 500 distinct
pilots implemented globally, many of which are in developing countries (Bjornland,
Goh, Haanæs, Kainu, & Kennedy, 2012).

Despite the enthusiasm around mHealth, pathways to scale remain fraught with
challenges. After the completion of hundreds of pilots, not enough is known about
the uptake, efficacy, and effectiveness of mHealth interventions (Tomlinson,
Rotheram-Borus, Swartz, & Tsai, 2013). Evidence shows that few mHealth pilots
successfully upscale and that most often expire once the initial project funding is
exhausted, with project smartphones and tablets relegated to shelves and ware-
houses to gather dust (Lemaire, 2011). In Uganda, for example, roughly 64% of
mHealth interventions piloted in 2008 and 2009 failed to move beyond pilot stage
(ibid.). There are lessons to be learned from those mHealth initiatives that have
scaled sustainably which could be applied to the early stages of planning and design
for scale (Hall, Fottrell, Wilkinson, & Byass, 2014). As mHealth pilots continue to
grow and change the way healthcare is delivered in specific contexts, there is a
pressing need for a deeper and more nuanced understanding of pathways to scale,
particularly the challenges that hinder growth. For example, the Digital
Development Principles Working Group provides a set of guidelines for
technology-enabled programs proposed by a consortium of global organizations
including United Nations agencies that can help to shape future mHealth programs
(Waugaman, 2016).

In this chapter, we draw upon our own experience at Medic Mobile of deploying
mHealth projects in over 23 countries in Asia and Africa, as well as available
literature that supports the use of best practices for mHealth scale. Medic Mobile is
a nonprofit technology company with offices in San Francisco, Nairobi, and
Kathmandu that builds mobile and web tools for health workers, helping them
provide better care that reaches everyone. Medic Mobile develops open-source
tools that can be adapted for specific uses, backed by evidence. Medic Mobile
works with implementing partners such as ministries of health and international and
local nonprofit organizations, to deploy projects that leverage mHealth to improve
health in last-mile settings around the world.

mHealth interventions are usually complex and their success depends upon the
confluence of several factors and functions, in the absence of which scale becomes
seemingly unattainable. These factors can be thought of as prerequisites and can be
distilled into nine key components: Infrastructure, Policy, Institutional Partnerships,
Technology, Interoperability, User-centered Design, Financial Sustainability,
Human Resources, and Impact, that collectively make a “framework” for scale (see
Fig. 3.1). While this is not an exhaustive list, it provides a framework to understand
the challenges faced by mHealth designers and implementers in scaling mHealth
interventions and hidden opportunities that may be leveraged to overcome these
hurdles in an effective manner.
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3.2 Infrastructure: Creating a Balance Between
Feasibility and Sustainability

Infrastructure is one of the principal challenges to scale and sustainability of
mHealth initiatives around the world, particularly in low-resource settings
(Aranda-Jan, Mohutsiwa-Dibe, & Loukanova, 2014; Umali, McCool, & Whittaker,
2016). mHealth interventions are highly dependent on the available infrastructure,
especially with regards to network coverage, supply of electricity, and internet
access. Even though mobile network coverage is reported to cover close to 97% of
the global population (International Telecommunications Union, 2015) internet
access remains limited in many regions. Only 69% of the global population enjoys
3G mobile-broadband coverage and nearly 66% of the population in developing
countries and 90% in least-developed countries continue to remain offline. Given
the limited access in low-resource settings, mHealth interventions that do require
internet connectivity for smartphones and tablets are more prone to challenges in
implementation as well as limitations in their scalability (Ngabo et al., 2012).

In some countries, more people have access to a cell phone signal than to
electricity (Kay, Santos, & Takane, 2011). For example, the cell network in Nepal
covers roughly 97% of the population (World Bank, 2016a) but only 76% of the
population has access to electricity (2016b). The population in Nepal that does have
access to electricity during the dry winter season enjoys as little as 8 hours of power
per day due to rationing and those hours may be distributed during nonoptimal

Fig. 3.1 Framework for mHealth scale
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times such as working hours or in the middle of the night (World Bank, 2011). The
limited availability of electricity and its “usability”—e.g., the hours when a user can
actually charge their phone—is often cited as a challenge faced by mHealth users in
low-resource settings and should be considered carefully when selecting hardware
during the initial design of mHealth initiatives (Chang et al., 2011). Furthermore,
users may have only one or two available power outlets in their homes for all
household electrical devices and as a result, they have to compete for access to
these outlets with other devices and family members. In the event of limited access
to electricity, mHealth users have sought other means to charge their devices such
as traveling to local shops or small business, which incurs costs of travel and
charging fees (Thondoo et al., 2015). In response to these challenges of access and
affordability of power, users often voice a preference for devices that maximize
battery life even at the cost of foregoing more advanced and multifunctional devices
in favor of a simple phone (ibid.). Devices that can be easily charged within a few
hours and retain that charge for longer periods will most likely have greater uptake
and prove more successful in the long-term. Cheaper alternatives to charging
devices such as using car batteries or solar chargers have been shown to be effective
in various contexts and should be explored as potential solutions to the challenges
of limited electricity in low-resource settings (Chang et al., 2011; Thondoo et al.,
2015).

Our experience has shown the importance of identifying infrastructure-related
challenges and referring to them during the designing and implementation of
mHealth interventions. In the aftermath of the 7.8 Richter scale earthquake in Nepal
in April 2015, Medic Mobile in collaboration with the Ministry of Health in Nepal
deployed an mHealth intervention for daily reporting and suspected outbreak
reporting of epidemic-prone diseases. The intervention was deployed in hospitals in
both the urban Kathmandu valley and the heavily hit remote district of Dhading
(Nesbit, 2015). The infrastructure available in these sites are very different and
therefore, designing a “one-size-fits-all” mHealth tool would simply not work.
While Kathmandu is a major urban center with reliable mobile phone coverage,
adequate electricity for charging smartphones and easily accessible facilities for
maintenance and repair of smartphones, Dhading is fairly remote with limited
infrastructure. Moreover, the earthquake destroyed or severely damaged most
shelters—including health facilities—in Dhading district, where 85% of the facil-
ities were rendered non-functional according to Nepal’s Child Health Division
(Khanal Khanal & Lee, 2015). Road access to northern parts of the district was also
cut off (Adhikari, 2015). In light of these challenges, the intervention had to be
redesigned before implementation in Dhading, including the mHealth tool itself.
While the community health volunteers in Kathmandu valley were able to use an
Android application with internet connectivity, those in Dhading used basic phones
and structured SMS, which were all that could be supported by the
low-infrastructure settings of the district weakened even further by the earthquake.
Health facilities in the northern areas which did not have GSM or CDMA con-
nectivity following the earthquake submitted SMS-based reports using CDMA
landline phones. Moreover, the structure of the forms on the mobile devices was
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also designed in such a way that it required minimal training, as health workers
were trained remotely via phone calls due to the urgency of the situation and the
inaccessibility of many areas. Therefore access to reliable, stable electricity and
internet remain major obstacles to scale for mHealth tools that rely solely on higher
end smartphone and apps requiring frequent connectivity and greater infrastructural
support. Resolving these challenges requires careful design and selection of both
the hardware and software to be deployed.

3.3 Technology: The Right Tools for the Right Context

The selection of hardware also shapes the future scale of mHealth interventions and
can pose a challenge for the long-term sustainability of projects if not planned and
executed well. Many times when launching an mHealth initiative, technological
wizardry or the “bells and whistles” of new and rapidly evolving technology shape
the deployment and implementation pathway rather than user needs and health
priorities (Shaw, 2012). Hardware selection can also become unduly influenced by
procurement and contracting guidelines created by staff unfamiliar with the limi-
tations of settings in LMICs (Bernhardsen, 1999). Not only are newer technologies
often unsupported by reliable access to network, internet, and electricity that evolve
at a slower pace, but oftentimes they are not context-appropriate. Hardware used by
health workers particularly in rural areas of the developing world is prone to
experience excessive wear and tear over time (Iluyemi & Briggs, 2008). Ensuring
the growth and long-term sustainability of mHealth initiatives then necessitates that
the chosen devices can be easily replaceable or repairable in the areas where they
are deployed. Corner cell phone shops or local kiosks that are ubiquitous in most
small villages and towns around the world typically serve as the first point of
contact for access to basic mobile hardware and repair services (Chang et al., 2011).
When considering hardware for deployment in an mHealth intervention, these
shops—and the devices they sell—should serve as a yardstick for the appropriate
selection of project hardware. When mHealth interventions employ devices that are
foreign or not easily available in local markets, they are by default harder to repair
or replace in the event of damage or loss and may cause a reduction in user
engagement. It is, therefore, crucial to use context-appropriate hardware that can be
easily procured and repaired close to where users are located to ensure the future
scale and sustainability of the intervention.

Hardware selection not only involves making decisions about the right tools for
the context, but also about whether to use devices already owned by the users or
provide new devices for the duration of the mHealth intervention (Ben-Zeev et. al.,
2015). Benefits of using existing phones owned by users include greater user
familiarity with the device and a higher likelihood that they will intuitively
understand how to use the tool. However, relying on existing devices also poses
several challenges. Phones owned by users may differ in their features, function-
alities, carriers, and data plans. They may also be ill-suited to the specific needs of
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the intervention. While providing new devices to users can help to standardize the
intervention across all users, it may also decrease the frequency with which the new
devices are used, cause negative user experiences from having to use multiple
devices for different purposes and require more user trainings, not to mention the
financial implications of purchasing devices at scale for hundreds or thousands of
users. New devices can also act as an incentive for users, particularly if they are
allowed to keep the device after completion of the intervention, however, this may
not always be feasible (ibid.).

Another factor that can influence this decision is the variance in mobile phone
ownership amongst users. Not all users such as care providers and patients own a
personal mobile device and often share mobile phones with family members or
access the phones available to them in their community (Chang et al., 2011;
Haberer, Kiwanuka, Nansera, Wilson & Bangsberg, 2010). Moreover, phone
ownership rates vary significantly based on gender particularly in the developing
world. There are 200 million fewer female mobile phone subscribers than male
subscribers in LMICs and many women in these settings only have partial access to
a mobile phone owned by male members of their family during nonbusiness hours
such as evenings (GSMA, 2015). These early decisions about hardware selection
based on phone ownership and suitability for context shape the mHealth inter-
vention and can have long-lasting implications on the uptake, success, and scale of
mHealth interventions.

3.4 Institutional Partnerships

Literature has extensively highlighted the importance of strong cooperation
between various actors such as government, funders, and private enterprise for
mHealth scale (Tomlinson et al., 2013; Qiang, Yamamichi, Hausman & Altman,
2011). These partnerships serve to incentivize and reinforce positive behaviors and
are vital to create a conducive ecosystem in which mHealth can flourish. The role of
mobile network operators (MNOs) in scaling mHealth interventions is particularly
important (Qiang et al., 2011; Sanner, Roland & Braa, 2012). MNOs provide the
architecture for implementing mHealth interventions, and as such their cooperation
is crucial to the success of an mHealth deployment. However, when creating alli-
ances with an MNO, their market share and acceptability within user populations in
rural and urban areas should be taken into consideration—particularly in countries
where the telecommunications industry is highly diversified (Qiang et al., 2011).
The MNO landscape in India, for example, is highly competitive with more than ten
MNOs offering network coverage in most parts of the country and no single MNO
dominating the market. Given the competition in such settings, users frequently
switch between operators in favor of those that offer the most minutes or SMS at the
lowest price (Airtel, 2016). Therefore, choosing a single MNO partner for mHealth
across the country in such settings becomes difficult.

36 J. Evans et al.



A potential alternative to MNO partnerships may be to lobby for in-kind services
from MNOs by leveraging government or physician membership organization
relationships. An example of this is Switchboard, a nonprofit organization that has
successfully created a free calling network for healthcare providers in Ghana and
Liberia (Switchboard, 2017). The network not only benefits health systems in these
countries by facilitating free communication and coordination between care pro-
viders in rural and urban health centers, but also serves to build MNO brand loyalty
among users and increases the participating MNOs’ consumer base as healthcare
providers increasingly use the same operators for their personal use. Incentivizing
MNOs to dedicate free or reduced cost SMS, data, and call facilities may be a more
effective long-term strategy for mHealth scale and sustainability rather than relying
on partnership agreements with a single operator. Innovative partnerships that
create incentives and positively change stakeholder behaviors, therefore, are crucial
for the success and scale of mHealth interventions.

3.5 Human Resources

The crucial components of infrastructure for mHealth scale and sustainability are
not just limited to the availability of context-appropriate hardware, a cell phone
tower, and an active power source but also include human resource infrastructure in
the form of a skilled health workforce. In many LMICs, the cadre of community
health workers (CHWs) may have achieved only basic literacy levels via formal
schooling and typically have no tertiary education (Lehmann & Sanders, 2007).
Health professionals need to be educated on the potential role of technology in
healthcare delivery in order to achieve and sustain mass adoption of mHealth
(Mechael et al., 2010). While CHWs in LMICs receive standard training on topics
such as general health and basic record-keeping, such training should not be
assumed to include indoctrination into mHealth (Lehmann & Sanders, 2007).
CHWs and other healthcare personnel may already own and be familiar with using
cell phones but they may not be well-versed with specific features and are often not
fully prepared or equipped to use those same devices for an mHealth project
(Ben-Zeev et al., 2015). In order for CHWs to start thinking of and using their
mobiles as communication and coordination tools for health activities that form part
of a ministry of health information system, they must have adequate and
context-relevant training in technology (Mechael et al., 2010). Given the variance in
skill sets and levels of literacy among CHWs, there is a need for continuous support
and training to maintain their effective contribution not only in their healthcare
knowledge but also in technology and its use (Lehmann & Sanders, 2007).
Refresher mHealth training for CHWs have been effective in addressing observed
technology usability gaps and improving impact during an intervention and can also
contribute significantly to long-term project sustainability and scale (Modi et al.,
2015; Haberer et al., 2010). mHealth training is not only essential for users such as
healthcare providers but also for other key actors in an mHealth ecosystem such as
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project managers, application developers, and information technology specialists
who require training in the development and maintenance of platforms including
software and hardware to support mHealth implementations locally (Chetley,
Davies, Trude, McConnell & Ramirez, 2006; Aranda-Jan et al., 2014). Therefore, a
health workforce skilled in the use and maintenance of technology is a prerequisite
for the success and scale of technology interventions.

A related barrier to the scale of mHealth interventions is continued engagement
and motivation of health workers over the duration of the project and in the longer
run. While users may be motivated at the start of a project, experience suggests that
this motivation may often wane over longer periods of time (Haberer et al., 2010).
Although research on CHW motivation as a result of mHealth is limited, there is
some evidence to suggest that being more efficient and effective in their work tasks
by virtue of mHealth is motivating for CHWs (Strachan et al., 2012). To the extent
that mHealth interventions can continue to enhance health worker efficiency, CHWs
will remain motivated to engage with the technology platforms for longer periods of
time. Beyond efficiency, CHWs also respond to a sense of being valued by the
communities they serve and the health systems they work within. A motivational
technique that the mHealth system in Nepal uses, for instance, is a simple “thank
you” text message delivered to CHWs after they perform certain activities such as
registering a new pregnancy on their mobile device; this has been found to improve
and sustain CHW motivation levels over time (Sharma et al., 2015).

Experience also shows that mHealth training for CHWs and the resulting
improvement in their skill set leads to greater health worker confidence, motivation,
and enthusiasm to participate in mHealth interventions (Haberer et al., 2010).
Continuous training during mHealth deployments, therefore, is important to not
only update knowledge and skills but also to maintain health worker enthusiasm
levels throughout the duration of the project and beyond. Finally, several mHealth
initiatives have also found that providing minor financial incentives such as airtime
credit motivates CHWs and ensures their continued participation and uptake of
technology (ibid.; Lester et al., 2010). When planning and designing for scale,
mHealth interventions that can budget for such incentives for health workers over
the life of the deployment stand a greater chance of long-term CHW engagement
and therefore success.

3.6 Policy

The national policy and regulatory landscape—particularly an LMIC—is essential
for mHealth scale and sustainability. The lack of guiding policies from the gov-
ernment is frequently cited as a major reason for the failure of mHealth programs
(Leon, Schneider & Daviaud, 2012; Aranda-Jan et al., 2014). When an LMIC
government defines an mHealth and wider eHealth strategy—including clearly
established standards for data security and interoperability—and is willing to
facilitate the integration of mHealth initiatives into the existing healthcare system,
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the mHealth systems in that country are more likely to be sustained (Aranda-Jan
et al., 2014; Lemaire, 2011). While a significant proportion of countries have
recognized this and more than half of WHO member states have already adopted a
broader eHealth strategy within which national mHealth programs can be
ensconced (World Health Organization, 2016) much more remains to be done. In a
recent WHO survey, the lack of legal regulation was cited as one of the top two
barriers to mHealth (ibid.). Much of the need for legal regulation around mHealth in
LMICs stems from data privacy and confidentiality concerns.

Traditional paper-based systems of healthcare inherently pose a data privacy risk
which can be mitigated by electronic health records and care coordination systems
such as mHealth. As a result, mHealth and the broader eHealth ecosystem are often
framed as “safe” mechanisms to facilitate and provide health service delivery.
However, governments must define and impose comprehensive legal provisions to
ensure that the storage and exchange of information over electronic methods are
truly safe, particularly, in LMICs where mHealth platforms are already beginning to
flourish. Legislation alone, however, is not the solution. Experience has shown that
even when mHealth legislation exists, public misinformation may, in fact, derail an
mHealth project (Eysenbach, 2009). Therefore, governments not only need to create
and implement appropriate legislation, but also put in place a regulatory authority or
body to monitor mHealth initiatives within a country. In the absence of both clearly
established legislation and a regulatory authority, the integrity and credibility of any
new mHealth tool may be jeopardized.

While government institutions have programmatic authority to evaluate mHealth
initiatives, the lack of legislative authority with the knowledge to execute fair
judgment may render their mHealth evaluations baseless and ineffective, hindering
the scale of such programs. Moreover, the interpretation of the newly passed reg-
ulations may face challenges in courts where judges presiding over such cases may
not have sufficient experience adjudicating cases related to technology (Timm,
2014). In such cases, a regulatory authority overseeing mHealth programs may be
able to lend their expertise and knowledge to bring such cases to a just culmination.
It is equally important to note that while some states have passed complete sets of
regulations that are intended to govern mHealth within their borders, there are many
times poor coordination among competing government ministries and agencies in
charge of the oversight and management of the mHealth space (Lemaire, 2011).
The same can be true among different departments managing various verticals
within a ministry of health. Given such challenges, the mHealth authority in the
country must also take on the coordination around policy and legislation among
relevant ministries and sectors (ibid.).

The mHealth landscape in a country is not only affected by its own policy and
regulatory environment, but also by the policy and regulatory settings of its
neighbors the surrounding region. Policies and legislation on mHealth in LMICs, as
well as developed countries, tend to vary a great deal. For example, regulations on
spam advertising to mobile phones and privacy policies for smartphone apps—as
well as what these policies are allowed to include—often vary significantly from
country to country even within the same region such as South Asia or East or West
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Africa. Significant variations exist in policies and regulations around mHealth even
in countries belonging to the same geographical region, which may negatively
affect mHealth scale across borders (World Health Organization, 2016). Moreover,
few standards exist for data confidentiality and sharing among countries within
geographical regions, which further hinders mHealth scale across borders (ibid.).

In an ideal scenario, all relevant mHealth-related policies are well-established
and institutionalized by the time an mHealth initiative is ready to scale. However,
the current reality is that many LMICs are still in the process of developing or
refining such policies, and the speed of maturity of mHealth initiatives and sup-
porting public policies do not match. Even if the framework legislation has been
established, the regulatory environment that must accompany laws on mHealth is
simply not present in many LMICs. Given this, mHealth systems must also, for the
time being, address such gaps. Aligning an mHealth tool to fit within the confines of
a nascent regulatory structure means that the tool must also be flexible enough to
change and adapt to new regulations as they emerge. At times this may mean
establishing the capacity for ongoing design evaluation during or after a successful
small-scale pilot of the tool. Deploying within a country where the regulatory
framework around mHealth may not be fully developed will also demand more time
dedicated to building and maintaining relationships with the Ministry of Health and
other ministries involved in the governance of digital health. Failure to actively
engage government ministries may result in projects being delayed, abandoned, or
outright banned (Eckman, Gorski & Mehta, 2016).

mHealth scale cannot be achieved in the absence of an effective policy and
regulatory environment and there are some immediate steps that can be taken to
achieve this. LMIC governments must adopt appropriate legislation and establish a
regulatory authority to create a framework within which mHealth initiatives can
flourish. Simultaneously—at the global community level—international efforts
must focus on identifying best policy practices that enable and promote mHealth
adoption and innovation particularly in low-resource settings (World Health
Organization, 2016).

3.7 Financial Sustainability

3.7.1 Direct Government Financing

Lack of funding is one of the top reasons for the premature discontinuation of
potentially valuable mHealth initiatives (World Health Organization, 2016).
Moreover, empirical evidence also suggests that health technology projects often
cost more than initially planned, imposing additional financial pressures during the
life of a project (Leon et al., 2012). In most countries, government funding com-
mitment to an mHealth initiative is critical to ensuring its continuity as an integrated
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component within an existing health system. As discussed above, well-established
mHealth governance mechanisms, comprehensive evidence to supporting
the mHealth system and ground level consensus on the value and credibility of the
system are all critical in guaranteeing government funding. Furthermore, the
timelines for national planning and budgeting need to be considered and planned
for accordingly. The government needs to be prepared to propose new inclusions
into national budgets well before the new fiscal year is set to begin or any periodic
plans are being formulated. Even though a national health budget might be gov-
erned by a health ministry, the budget requires approval from a finance ministry.
Hence communication between the health and finance ministries is critical to the
budget approval process and this requires the health ministry to speak the same
language as their colleagues in finance; just being enthusiastic about a new mHealth
initiative will not be sufficient.

3.7.2 Alternative Ways of Sustainable Financing

Financing does not only imply assigning budgets for required line items. There are
various ways that a government might finance any mHealth initiative— getting
subsidies for SMS, data, and voice calls is one of the most relevant ways.
Government is usually the most appropriate agency to request MNOs in a given
country to provide subsidies for mHealth initiatives; such a request is easiest for
MNOs to process when it involves specific professional groups of health workers.
An example of this is the partnership between the Rwandan Ministry of Health and
MNOs that resulted in a ten-fold reduction in the cost per SMS for a mHealth pilot
to improve maternal and child health in the country, which was crucial in planning
for the project’s expansion and ensuring its long-term sustainability (Ngabo et al.,
2012).

Building components of mHealth foundational and continuing training into an
existing national curriculum for health workers can be an efficient way to finance a
major component of most mHealth initiatives. Operational costs such as personnel
salaries and initiatives, hardware and software maintenance or update can also be
absorbed into regular program budgets. In addition, buy-in and ownership of the
community that is most intimately impacted by the mHealth initiative may attract
some portion of direct funding as well as provide evidence of system uptake.

3.7.3 Cost-Effectiveness

Amajor barrier to scale formHealth interventions is their perceived cost-effectiveness
versus paper-based systems that they are intended to replace. Insufficient evidence
exists about the cost-effectiveness of mHealth interventions as many evaluations
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focus on feasibility and user acceptance rather than cost. Where information on costs
is available, it can be limited and difficult to interpret due to subsidies in technology
(Zurovac et al., 2011; Leon et al., 2012). Designing for scale and sustainability
requires an understanding of the various elements that make up the total cost of an
mHealth intervention including developing and maintaining platforms, training and
retraining users, procuring and replacing hardware as well as ongoing data and SMS
costs. Opportunities exist in each of these elements to improve the overall
cost-effectiveness of an mHealth intervention, particularly at scale.

When it comes to developing systems, leveraging open-source platforms that are
freely available and reusable rather than proprietary systems help to lower costs
significantly, especially for future redesign, implementation, and scale (Rajput
et al., 2012). Hardware costs can be a particularly daunting challenge. While the
costs of smartphones in both developed and LMIC markets are rapidly declining
making advanced mobile devices more widely available to greater proportion of the
population (The Economist, 2014), procuring handsets at scale can pose a signifi-
cant initial investment and requires financial support and subsidies to enhance
cost-effectiveness of the intervention (Qiang et al., 2011). Moreover, mobile
devices are often prone to theft, loss or damage in LMIC settings and costs to repair
or replace devices at scale can be prohibitive (Chang et al., 2011). Strategies to curb
costs of purchasing new devices may include using locally available entry-level
phones (Leon et al., 2012), designing flexible, device-agnostic systems that can
work on a range of mobile devices and facilitate the selection of least expensive
hardware for future implementation (Rajput et al., 2012) or leveraging personal
phones of users, keeping in mind the potential shortcomings of such a choice. The
ongoing costs of mHealth intervention include data, voice, and SMS charges and
while these rates can be quite low in many LMICs, significant budgeting and
funding is required to meet these ongoing cost components at project scale where
thousands of users are required to send text messages or make calls on a daily basis.
Hence the importance of strategies which lower these ongoing costs such as pri-
vate–public partnerships between government and private MNOs as mentioned
earlier.

A frequent question concerns the cost-effectiveness of replacing existing
paper-based systems with expensive mHealth systems. Earlier research indicates
that standard paper-based systems can incur hidden costs in terms of staff time to
maintain and correct data entry errors and/or the storage of paper records that are
often overlooked when assessing cost-effectiveness (Tomlinson et al., 2009;
Holeman & Nesbit, 2010). Addressing this cost barrier to implementation and scale
calls for further evidence-based research into the cost-effectiveness of mHealth
interventions compared to traditional paper-based systems and/or hybrid systems
which combine electronic and paper-based systems. Establishing the
cost-effectiveness of mHealth implementation is indispensable to support the
argument for the scale and long-term sustainability of mHealth.
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3.8 Interoperability: An Open Architecture Framework

Interoperability is a buzzword that is frequently exchanged at most global forums
on mHealth, and much has been documented about the importance of building
platforms that can communicate and integrate with existing systems of care as a
way to ensure future scale and sustainability (van Heerden, Tomlinson & Swartz,
2012; PLOS Medicine Editors, 2013). Traditionally health information systems
have been built using a silo approach wherein devices and disease-specific appli-
cations cannot easily share data with one another. However, there is a growing
recognition of the need for improved data integration (De Maeseneer, van Weel,
Egilman, Demarzo & Sewankambo, 2012) alongside interoperable health tech-
nology (van Heerden et al., 2012). National-level systems such as the open-source
District Health Information Software 2 are currently used in multiple countries for
routine health data collection, reporting, and management (DHIS2, n.d.). It is likely
that this kind of open source and interoperable mHealth system can have a much
greater chance of long-term sustainability rather than parallel siloed solutions. In
terms of architecture interoperability, OpenHIE has developed a three-layer health
information architecture framework which connects external systems and actors to
multiple health datasets via an interoperability services layer (OpenHIE, n.d.).
When successfully implemented, these kinds of open architectures can act as an
“innovation infrastructure” in the same way as a mobile network or an electricity
grid, enhancing the potential power and impact of mHealth systems (Estrin & Sim,
2010). Government, industry, and donors need to, therefore, cooperate and adopt an
open architecture-based approach to developing and implementing mHealth inter-
ventions in order to ensure their success, scale, and long-term sustainability.

3.9 User-Centered Design

Allotting time and resources to product and project design for mHealth initiatives
can yield positive results as the solution scales from a pilot project up to state,
district, or national level (Eckman et al., 2016). Technology is the only component of
this design challenge; attention must also be given to the end users of the system—
usually a health worker—and how a new tool will help them. Those mHealth pro-
jects that incorporate user-centered design principles from the outset can fare better
than those that did not (Eckman et al., 2016).

Medic Mobile has employed Human-Centered Design (HCD), a specific
user-centered design approach that emphasizes a deep understanding of human
capabilities, motivations, concerns, and values as they consistently surface in their
daily lives; the reliability of a new technology is determined by the routine actions
of users within the system (Bannon, 2011). HCD is more a way of thinking than a
defined procedure and can take various shapes based on the context and the
methods used to put this approach into practice (Kane, 2016).
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3.10 Impact

While the global health community—including NGOs, governments, and donors—
continues to display some enthusiasm for mHealth, the lack of rigorous program
evaluations presents a barrier to quality mHealth implementations (PLOS Medicine
Editors, 2013; Tamrat & Kachnowski, 2012). The multiyear timeframe required for
this kind of program evaluation means that the technology and systems under
investigation may have become obsolete by the time that findings are published
(Kumar et al., 2013). Therefore, the field of mHealth may benefit from other forms
of supporting evidence via continuous monitoring of program activity and out-
comes to inform timely dissemination of lessons learned and best practices. The
inclusion of robust monitoring and evaluation components within program design is
of utmost importance to scaling mHealth systems (ibid.; Agarwal et al., 2016;
Whittaker, Merry, Dorey & Maddison, 2012).

3.11 Conclusion: The Path to Scale

mHealth offers an unprecedented opportunity to reach last mile populations around
the world and improve health outcomes in challenging settings. However, mHealth
interventions are often complex and messy and the narrative around their scale can
attract skepticism. Nevertheless, a number of successful mHealth tools and projects
have followed a viable pathway from pilot to scale and lessons from these can guide
governments, funders, and private enterprise to shape the future mHealth landscape.
Albeit challenging, mHealth scale can be achieved with a favorable overarching
framework of infrastructure, regulatory and policy environment, stakeholder part-
nerships, and financial sustainability; as well as a focus on interoperability,
context-appropriate technology, robust user-centered design, a skilled health
workforce, and an impact-driven approach to mHealth. This checklist offers a
potential path to scale that can enable mHealth to fulfill its promise of strengthening
systems and improving health outcomes, particularly in low-resource settings.
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