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Existing approaches to the procurement, 

implementation and evaluation of mobile technology 

for use in the health systems of low and middle-

income countries (LMICs) have yet to provide a 

repeatable process for bringing about wide-spread, 

nationally scaled, sustainable systems.  This paper, 

based on recent primary and secondary research, 

looks at the problem from a new angle that balances 

the public health perspective with engineering 

principles. 

Although mobile technology can play many roles in 

improving the health of a population - from improving 

the rate and accuracy of survey data collection and 

analysis to supporting the decision-making of health 

workers – this paper focuses on the distribution of 

content, or a delivery system, for the education and 

training of a frontline health workforce. 

Delivery systems are designed to convey a product or 

service to a person or population. Universal iodization 

of salt may represent the most efficient delivery 

system for health ever to go to scale - preventing 

iodine deficiency in millions of people. Mobile 

technology can be a highly effective delivery system 

for national health systems, but has, so far, not been 

deployed as widely as technologists have anticipated.  

One characteristic of successful delivery systems is a 

separation of content (i.e. what is to be delivered) from 

the delivery system itself, but the present approach 

towards implementing mobile technology for health 

[mobile health in this paper] often fails to make that 

separation. 

Our goal in this paper is two-fold: 1) reconsider 

existing approaches to the procurement, 

implementation and evaluation of mobile health, and 

2) offer a cost-effective alternative approach using the 

implementation of a mobile digital content delivery 

system in Pakistan as an example.

INTRODUCTION
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THE CASE FOR IMMEDIATE SCALING 
OF MOBILE DIGITAL CONTENT 
DELIVERY SYSTEMS
Theory Reconsidered

Mobile phones, like televisions, mp3 and CD players and many other reliable digital content delivery 

systems, are already capable of delivering customized content at scale through a standardized engineering 

process.  Standards surrounding how mobile phones connect to the network, or the conversion of content 

into digital audio, text or images are also well established. The other elements that make up a digital 

content delivery system (such as the application software, the server technology, etc.) have evolved to the 

point where informed implementers can select products and services that will reliably scale at a very low 

cost.  Yet the technology is often incorrectly viewed as the common denominator when evaluating whether 

a mobile health intervention in an LMIC is successful.  

Although we intuitively understand the concept of how the content (or message) can be viewed separately 

from the delivery system (or channel), the theoretical foundation for this view was not established until 

1948, in Claude Shannon’s paper “A Mathematical Theory of Communication.” The paper provided the 

foundation for information theory, an entirely new branch of communication science. Information theory 

demonstrated that “any communication system could be separated into components, which can be treated 

independently as distinct mathematical models.”1  

Shannon’s theory established that different modes of communication, such as text, telephone signals, 

images and film, could be encoded in bits.  This digital representation of information provides the 

fundamental basis for separating content from delivery.  This is precisely why we are able to use the same 

automated survey tool to collect soil fertility data from farmers and immunization coverage data from 

vaccinators.  

Thus, information theory tells us it is possible to design and implement a delivery system that can collect, 

store, and transmit large amounts of information independent of the meaning associated with that content. 

There remain exceptions to this independence, but to date there has been little consideration of the 

implications this theory has on implementing mobile digital content delivery systems.2



Implications for Evaluation Methodologies

Many evaluations of mobile technology, both for digital content delivery systems for health worker training and 

more generally, unnecessarily conflate the channel with the message, corrupting the assessment of both the 

technology and the content.  This approach has impeded scale in many cases by influencing attitudes towards 

system design, implementation, cost, and especially evaluation methodology.   

When providing aid for strengthening health systems in LMICs, empirical evidence demonstrating the viability 

of programs should inform decisions on resource allocation for additional or larger scale interventions.  In the 

context of mobile technologies for health, the research community struggles to create an evidence base for 

decision makers to confidently expand digital health pilots to a provincial or national level.  Although thousands 

of studies are published every year involving the use of mobile technology for health, few interventions lead to 

an evaluation that contributes directly to the decision-making process.3 

Reviews of mobile health interventions suggest it is the heterogeneous nature of the body of research that 

prevents a meaningful comparison of results when examining outcomes such as increased usage, improved 

health, or increased knowledge.4,5 Most articles acknowledge the lack of comparability of the research, yet 

recommend more research be conducted – albeit in a more rigorous fashion.6 

Conflating the use of mobile technology with the intervention itself can lead to incorrect or irrelevant 

conclusions. The principle rationale for extrapolating results, for example, for Health Extension Workers 

in Ethiopia to Accredited Social Health Activists (ASHAs) in India, should not be simply the use of mobile 

technology. This fails to consider the wide range of implementation contexts, elements and desired outcomes 

across mobile health programs.

5

Evaluations of mobile technology, both 
for digital content delivery systems for 
health worker training and more generally, 
unnecessarily conflate the channel with the 
message, corrupting the assessment of both 
the technology and the content.
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Limitations of Randomized Control Trials (RCTs)

Although Randomized Control Trials (RCTs) are viewed as the gold standard in experimental design for mobile 

health, and continue to be an important and necessary evaluation tool, the use of RCTs, as they are presently 

employed, may be inappropriate.

One of the main issues with many RCTs in mobile health interventions in LMICs to date is that small samples 

are the norm.  Inadequate sample sizes are not representative enough to draw conclusions on the overall 

population or context, and lead to deeper statistical anomalies, introducing bias into statistical analysis.7   

There has been a history of tension between researchers who promote more balanced designs in statistical 

experimentation and those promoting randomization.8  Edward Deming maintained that random sampling and 

randomized experiments represent only the first steps towards a more scientific and useful approach. Complete 

randomization may make sense when the analyst does not understand the role a stratified population could 

play or if cost is not a factor.9  

Whether using random or balanced designs, how does the research community overcome this inherent 

limitation of small sample sizes?  The easiest way would be to expand the sample size—but studies that aim to 

examine the possibility of scale are, by nature, working with a small sample.

This situation could be characterized as a vicious cycle – where each of two conditions requires the other 

condition to be fulfilled first, which means that neither will ever be fulfilled.  With the perpetuation of small-scale 

inconclusive pilot studies, it is not surprising that the community at large has been locked into a circular pattern 

of evaluations of limited value.

Meta-Analyses

Individual evaluations, even if successfully conducted, are usually not considered sufficient to inform decision-

makers. The meta-analysis seeks to combine results from interventions to summarize findings and implications.10  

A typical challenge to mounting a meta-analysis is that methodological flaws in the pool of available research 

dramatically reduce the number of eligible studies.11 With these constraints, even though thousands are 

published, few mobile health studies qualify for inclusion from a methodological standpoint.  The small pool of 

studies that do meet sufficient academic rigor tend to represent very disparate types of interventions—which 

can range from quality of care issues, to health behavior, to data collection.12  

The rationale to go forward with these studies may be based, in part, on guidelines provided by the Cochrane 

Collaboration that accommodate a “…heterogeneous set of treatments if the purpose is to test applications of 
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a theory or principle that cuts across different interventions or fields of practice.”13 The common denominator in 

mobile health meta-analyses is not a theory or principle but the use of mobile technology.  It would be up to the 

researcher to rationalize the similarities of selected articles based solely on this factor.  Yet, if we were to consider 

information theory when deciding whether to proceed with a meta-analysis, using mobile technology as the 

common point of reference, we would need to address whether the delivery system was sufficiently relevant to 

the outcomes of the studies selected. In many cases, if information theory is considered we would find that the 

delivery systems are not relevant to the outcomes.  

In almost all cases of individual articles investigating interventions that use mobile technology, the performance 

of the technology itself (e.g. the performance of a smartphone, the storage and processing capacity of a server, 

the functional requirements of a pre-existing software application) is not tested, monitored or evaluated and 

only rarely discussed or described.  In other words, the engineering problem is ‘solved’ long before the problem 

related to the health intervention is addressed.  While even mature, proven technology (software or hardware) 

can fail, only rarely is it attributable to the content conveyed. 

When considering the use of meta-analysis, articles selected for inclusion should be sufficiently homogeneous 

in terms of participants, intervention types and outcomes in order to provide a meaningful summary.14 

Inclusion criteria should be more narrowly defined in terms of types of interventions, health care field, and 

outcomes under investigation and target audiences. This may necessitate a more conservative view towards the 

definition of inclusion criteria established by the PICO framework widely used for this purpose in the Cochrane 

Collaboration.15

   

The lack of a scientifically sound foundation for comparability of interventions is complicated further by 

the rapid pace of technological innovation, which will always outpace the deliberate process associated 

with academic research and evaluation.  However, by adopting an engineering perspective that creates an 

environment where iteration on the technology and content can refine the solution over time, it may be 

possible to overcome these barriers.

When considering the use of meta-analysis, 

articles selected for inclusion should be 

sufficiently homogeneous in terms of participants, 

intervention types and outcomes in order to 

provide a meaningful summary.14
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Procurement for Efficiencies and Cost-savings

Procurement reform may be the most efficient fix to enable the scalability of technology provided to LMICs 

through donor organizations.16 Technology procurement reform goes beyond the typical issues highlighted 

in donor reform initiatives. Although technology used in health delivery systems is often already designed to 

handle a large volume of information, it is often procured on the basis of single health issues and/or limited to 

specific geographic regions within countries. Procurement on this basis does not take advantage of the inherent 

scalability of the technology.  

Procurement of technology is also conflated with content in a way that is damaging to the design, 

implementation and long-term success of the program.  Procuring a solution that is limited to one area of health 

content or one type of data collection leads to long-term inefficiencies. For example, a request for a digital tool 

that supplies information on prenatal care for frontline health workers may lead to a design of an application 

where the content is hardcoded into the application itself, making updates unnecessarily difficult or expensive. 

In contrast, allowing for externally sourced content and data improves the chances of sharing content across 

different delivery systems and encourages local content development.

The close identification of specific health-related content with different forms of similar technology results 

in duplication of technology, content and effort as similar programs are deployed in an uncoordinated way 

across the same country. Conflating technology and content in procurement also results in investment in 

specific technologies as solutions rather than characterizing the solution in terms of an improved and stabilized 

workflow or process with specific entry points for technological support that can then accept evolutionary 

changes in technology over time. 

Global Mobile Device Trends

According to the GSMA, there are currently more than 7.8 billion mobile 
connections globally.  This figure is expected to grow to 8.5 billion by the 
end of 2020, with significant growth in Africa and Asia.

In emerging markets, it is predicted that smartphones will be many users’ 
only means of internet access.17 
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Leveraging Market Trends for Scale

Despite the paradoxical status of mobile health research in LMICs, the natural operation of the competitive 

market continues to optimize individual components of a mobile content delivery system. 

The price for low-end smartphones in India is about US $30 – about the same as a high-end feature phone.18   

Estimates of a five or even three-year timeline before smartphone ownership outnumbers other phone 

ownership now seem conservative, as the US $30 smartphone has already arrived in many markets.  Factors that 

make this price possible include:

• Moore’s Law, where computer processing power doubles roughly every 18 to 24 months due to 

advances of silicon transistors. This means the cost of a processor reduces by half over the same time 

period. After 50 years of accurately predicting processing power, Moore’s Law has begun to slow, but 

alternative ways to improve computing power and telecommunications still exist, which will continue 

to drive down cost and increase adoption.19

• Improvements in chip design, where multiple chips that provide different functions are integrated into 

a single chip (known as “system on a chip”), providing more room for everything else.  For example, 

Qualcomm® designs custom ‘technology blocks’ into its Snapdragon™ processors that include its own 

display engine, sensor engine, and other dedicated processing engines that drive the hardware.20 

• New smartphone manufacturers, such as Xiaomi, have been willing to accept about half the margins 

of existing manufacturers on device sales.  This explains, in part, the rise of Xiaomi as the third largest 

global supplier.21   

• Large device makers are expanding sales into low-end markets by using revenues from high-end 

smartphones to subsidize their initial investment into the low-end in order to beat out competition and 

appeal to the next generation of smartphone users.22 

While technologies based on second generation or basic phones may provide immediate support for voice and 

text applications in the health system, these will be rapidly supplanted by systems that deploy smart devices 

with powerful features such as touch screens, advanced audiovisual capabilities, and Internet connectivity. 

Content provided or collected on these devices can be easily accessed offline or via wireless connections with 

zero or low connectivity fees. Knowing this, decision-makers should begin planning for the market transition to 

digital and mobile-centric systems in the health sector.
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Implementing and Evaluating in a Health System Context

There are four levels of a national health system that can have an impact on the success of a large-scale mobile 

health intervention.  Each can create potential barriers to achieving a cost-effective, sustainable implementation 

of mobile health technologies:

1. The ecosystem level, where societal and institutional barriers relating to ownership, rights, policies and 

legal issues exist.

2. The organizational level, where issues related to cost, resources, coordination and collaboration 

between private, non-profit and public institutions are addressed.

3. The process level, where the focus is on service delivery and technology used in the intervention. 

4. The people level, where user needs related to content, access, privacy and data confidentiality are 

paramount.23

Levels one, two and four are very context or country dependent.  A successful intervention in one country is 

highly unlikely to be as successful in another, unless the program is adapted to accommodate the context in 

which these three levels of the health system operate. 

For decision-makers to invest in scaling a solution, they need evidence that success is likely on all four levels.  

To generate this evidence, proven technologies should be deployed as rapidly as possible on a sufficient 

scale – provincial or national - to iterate, refine and ultimately validate the content over all four levels of the 

health system. This would make possible rapid, stratified and iterative evaluations of the content, in turn 

generating learning opportunities for decision-makers on what content and indicators are effective. At scale, 

subsequent iterative adaptation of content and indicators becomes a normal part of the content delivery system 

management process.

Scaling proven mobile and digital technologies to create a centralized content delivery and data collection 

system would result in immediate savings simply through the elimination of duplicate systems.  Intuitively, we 

understand that implementation of country-specific, centralized systems would lead to other long-term cost 

savings through a large-scale deployment, including:

• Surveillance and accountability costs of health worker attendance and performance based on 

application usage statistics

• Cost of face-to-face refresher trainings can be reduced or eliminated

• Cost of printing manuals reduced or eliminated

• Cost-savings of pre-loaded training content, data collection and content review, primarily conducted 

offline or through low-cost Wi-Fi networks 

By transitioning to digital-based delivery and collection systems, these and other cost savings become possible.  

Although cost figures for some activities (e.g. printing costs) are available now from a variety of sources, hard 

evidence of cost savings within the context of a country’s health system is only possible with diligent cost 

monitoring and reporting of a full-scale implementation. 
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PUTTING THEORY INTO PRACTICE: 
IMPLEMENTING AN ENGINEERING 
APPROACH IN PAKISTAN
Pakistan is one country that recognizes the evolution of digital and mobile technologies and 
the power for them to drastically improve efficiencies in the delivery of critical government 
services. The Ministry of Information Technology and Telecommunications (MoIT&T) supports 
the exploration of the ideas outlined in this paper - an engineering approach to implementing 
mobile content delivery systems. In the fall of 2016, a collaborative workshop for digital 
management brought together public and private sector representatives in Pakistan to 
examine the possibility of a shared interoperable platform to distribute digital training content 
across Sindh province. 

The MoIT&T endorsed this collaboration with the understanding that this strategy will aim to 
not only implement a mobile content delivery system for health workforce training, but will 
expand the platform’s functionality to include other sectors, such as agriculture and education. 
By doing so, Pakistan can realize the cost savings and service optimization that leveraging a 
single system can provide. 

The platform would be managed through the MoIT&T so Sindh Province would not assume 
the entire cost of maintaining the technology.  In this way, the government of Pakistan can 
provide these services to other provinces, defraying costs further and allowing each province 
to contribute their own understanding and ideas.

More importantly, evaluations of the content used for health worker or other sector training 
can be conducted in an iterative manner over much shorter time periods.  Take the case of 
health: by concentrating health worker training within a single delivery system it allows content 
and user interface design to be frequently tested and improved across the entire health 
worker community.  Through A/B testing, also known as split testing, two different approaches 
to a training on a particular health topic could be rolled out to two different user groups.  
Automated usage statistics make it possible to track which group performs best in nearly 
real-time, identifying which training was the most effective.  With a user base consisting of an 
entire health workforce, evaluations of health workers’ usage of the platform can be stratified 
by demographic characteristics, experience, education and other relevant co-variates to better 
understand how those characteristics may affect a user’s learning.24  



The technology and content conflation problem can be resolved through the integration of a 
digital content sharing library with a mobile-enabled delivery system. This library separates the 
content from the delivery system, allowing local and international organizations to contribute 
validated health content that meets the training curricula needs of a health workforce. 

Content can then be rapidly adopted and distributed to the health workforce using a learning 
management system and a mobile application that are already integrated into the platform, 
or by adopting other technology that meets the criteria for long-term sustainability.  The 
platform can also ensure that all health data collection requirements are addressed through 
the integration of point-of-care mobile registries and population survey templates.

13

The technology and content conflation 
problem can be resolved through the 
integration of a digital content sharing library 
with a mobile-enabled delivery system. 
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What Technology Independence Looks Like

The application of this approach is represented by the Open Deliver process for digital content 
management and delivery.  Open Deliver is a process-based solution designed to provide 
educational content to workforces in low-resource settings and can be maintained through 
integrating new technologies as they emerge. By ensuring that a training infrastructure and 
data collection system are in place, Open Deliver achieves two goals that would also incentivize 
private sector investment: introducing governments to centralized, platform-based solutions 
for their health workforce and moving governments closer to a fully trained workforce.  The 
centralized platform provides a means for private and public sector actors to invest in the 
integration of their own standards-based software, hardware and content products while 
providing assurances of a workforce that is better equipped to manage increasingly more 
sophisticated digital solutions.



Looking Forward

Technology deployments involving a government’s health workforce should be designed for 
rapid transition to government ownership and institutionalization.  Working from a common 
digital platform will help ensure that services and functions are implemented in accordance 
with international standards, and will allow contributions from validated content creators.  This 
paper lays out the argument that the benefits to immediate scaling of collaborative mobile 
content delivery systems outweigh the costs. As the proposed approach is put into practice, 
decision-makers will be able to compare the costs of implementation with historical costs of 
training programs for further evidence of economic benefits.

Conflating technology and content in mobile health can lead to fragmented implementations, 
inconclusive evaluations, stalled scaling processes and impediments to content sharing 
and collaboration.  By considering the engineering principles upon which the technology is 
designed, we discover opportunities to accelerate, strengthen and institutionalize systems that 
leverage mobile technology for health.

15

Case in Point: Evaluating Open Deliver in Ondo State, Nigeria 

A program in Ondo State, Nigeria, aimed to improve FLHWs’ knowledge and skills 
in the delivery of maternal health care using video-based training.25 The training 
package leveraged a mobile-optimized platform to provide high quality, mobile-
enabled training on antenatal care, basic obstetric care and essential newborn care. 
This training was rolled out to FLHWs in 18 selected Primary Health Care Centres in 
Ondo State. 

Health workers who completed the training showed an improvement in knowledge 
on material in all three areas (average post-test scores increased to 77% from 44% 
on the pre-test).26  Health workers’ feedback on the training experience was largely 
positive, and they reported that the video platform was easy to use and navigate.  
This program helped provide access to ongoing learning for health workers in Ondo 
State, demonstrating the potential of mobile content delivery systems in Nigeria and 
more broadly. 
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