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1 — Foreword

Foreword

In this era marked by a growing uncertainty of what technology will 

mean for humanityƶs future ƴ how we work, how we connect with each 

other, and how our economies grow ƴ this new Pathways for Prosperity 

report, Positive disruption: health and education in a digital age, makes 

the case that technology, if properly harnessed, can be a transformative 

force for the poorest and most marginalised. 

Technology has the potential to revolutionise patient health and the way 

students learn. +or the poorest, most marginalised people living in the farthest 

regions of the world, technology could mean faster communication with 

healthcare professionals, more education opportunities for remote students, 

and more eǽcient services ƴ thanks to tools that monitor disease outbreaks 

and track whether teachers are showing up for work.

But these positive outcomes are not an inevitable by�product of innovation. 

Technology is not a silver bullet, and cautionary tales are abundant. Positive 

disruption: health and education in a digital age argues that realising the 

full potential of innovation in the areas of health and education reUuires 

policymakers and practitioners to enshrine inclusion as a core goal up 

front as they design and scale new technologies in these areas. 

Positive disruption: health and education in a digital age builds on previous 

reports from the Pathways for Prosperity Commission. Developing countries 

have an important window of opportunity to design policies that ensure 

technology in their countries advances in a way that improves the lives of all their 

people. This will reUuire smart investments in human capital, forward�looking 

approaches to innovation and regulation, and a willingness to understand 

innovation as part of broader social and economic systems. 

This report sets out a number of practical considerations for governments, 

industry, and civil society to consider as they work to embrace technology 

in a way that will drive the greatest gains in inclusivity, human well�being, 

and more eUuitable growth. ;e hope this report contributes to a vital 

and vibrant dialogue on these topics. 

Melinda Gates Sri Mulyani Indrawati Strive Masiyiwa
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Pupils in Udaipur, Rajasthan, 
India, wait to enter a 
2indspark computer lab 
at school. Photograph: 
Ishan Tankha, Pathways for 
Prosperity Commission, 2018.
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Executive summary

This report sets out a vision for how developing countries can significantly 

improve their health and education systems by making effective use 

of data-driven technology. It examines the potential benefits of these 

technologies, and offers guidance on how to achieve change. Service delivery 

in developing countries is notoriously complex, and this report does not shy away 

from the many failures of technology. But with this dose of realism, we maintain 

that digitally enabled technology has the potential to create more eǺective, 

eǽcient and eUuitable health and education systems by looking beyond 

the clinic and the classroom, to transform the underlying decision�making, 

management and administrative apparatus. This report describes the necessary 

digital building blocks to realise this vision, and provides a set of principles to 

help make digital technology a positive disruptor, rather than just a distraction 

to policymakers.

The opportunity

Digital technologies have led to progress in both health and education, 

setting out clear examples of what is possible. In Uganda, for example, 

the web�based application 2obile :RS has recently helped increase birth 

registration rates in the country from 28	 to �0	, at the very low cost of 

�0.0� per registration Ƴ thus helping decision�makers track health outcomes 

and improve access to services.1 In 0enya many school children perform at 

learning levels more than two years lower than their grade would suggest. 

A new technology�aided programme, Tusome, is boosting outcomes. This 

national literacy programme, introduced by the 0enyan 2inistry of *ducation, 

includes digitised teaching materials and a tablet�enabled teacher feedback 

system. If implemented eǺectively at national scale, programmes like Tusome 

can close the learning gap in early grades for under �1�0 per child.2 In India, 

a study of a free, after�school programme that introduced 2indspark, a digital 

personalised�learning software, showed improvements in mathematics 

assessment scores of up to �8	 in less than ǻve months, thereby dramatically 

reducing studentsƶ learning gaps.3 The Delhi�based programme could be rolled 

out at scale at a fraction of the cost of current per�pupil spending in schools.

Digital solutions that are embedded in health and education systems can 

improve service delivery in three ways. They can boost productivity at the 

point of delivery, improve interconnectivity within the system, and allow for 

more effective organisational designs. +or example, digital monitoring tools 

can address motivational gaps that lead to absenteeism of workers Ƴ so long as 

incentives of actors within the wider system are acknowledged and addressed. 
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Digital data collection can improve weak management structures by supporting 

decision�making, improving interconnectivity, streamlining supply chains, and 

recording integrated data from test scores to attendance. Curated digital libraries 

can bridge the knowledge gaps of frontline workers. +inally, S2S reminders can 

increase appointment attendance, improve interconnectivity within the system, 

and lead to greater uptake of services by citi^ens.

Such progress is happening today. But in the near future, digital 

technologies will offer the possibility of something more: the potential 

to completely reimagine the delivery of health and education services. 

Pioneering examples already exist in developing countries which demonstrate 

the viability of this transformative potential. 2oreover, these leading eǺorts 

suggest that with deliberately designed implementation, such approaches 

can be cost�eǺective and inclusive. In this report, we set out ǻve visions of how 

technology�driven tools and the data underpinning them can improve the delivery 

of health and education services in the future. These visions are all interrelated: 

they draw on the potential of data and of technologies such as machine�learning, 

algorithms and communication technologies, and they reǼect the conseUuences 

for both how students and patients will learn and be treated, and the associated 

changes in how services will be delivered and systems will be managed. 

The ǻve visions are:

1. Creating responsive learning systems. In a learning system, data�driven 

technologies could enable feedback loops at all levels, informing 

decisions and continuously advising on best clinical or teaching practices 

by bridging the current gap between research and practice. Pockets of 

such systems are already taking shape, powered by digital technology 

such as Indiaƶs 2obile�based Surveillance 6uest using IT (2oS6uIT), 

a smartphone�based platform for malaria surveillance that enables 

better outbreak monitoring and real�time responses.

2. Targeting at-risk people in health and education. Systems could also 

be made proactive to ensure services get to the people who need them 

most. In the health sector, this is starting to emerge in programmes that 

use community data to identify high�risk patients for active outreach. In 

education, it will allow more precise targeting of pupils whose learning 

is lagging.

�. Tailoring health and education services to individual needs. Personalised 

health and education hold great potential to revolutionise eǺectiveness, 

eǽciency and eUuity. +or example, digital personalised learning software 

greatly improves test scores by tailoring content based on an individual 

studentƶs proǻciency level, rather than that of the rest of the class.

4. Redefining the roles of educators and health care workers. 

;ith digital technologies, the roles of teachers and health workers will 

change. Digital technologies including machine learning may lead to 

the automation of certain tasks, especially routine or codiǻable parts 



9 –  Executive summary

of the job. ConseUuently, frontline workersƶ skills will change markedly.  

+rontline workers will remain a crucial part of the system, but will spend 

less time on routine tasks and place greater focus on core strengths such 

as judgement, initiative, and the socio�emotional Ƹhuman touchƹ.

�. Bringing quality healthcare and education to remote areas. In the future, 

we may also see virtual systems which break down the walls of clinics 

and classrooms, including remote diagnosis via telehealth technologies, 

remote clinics and reaching out to students in the most remote areas 

to provide Uuality education through videoconferencing.

The challenge

Technological solutions cannot guarantee success. Too often, they fail to 

deliver impact, or to work at scale. To date, most innovation has been focused 

on the point of delivery: clinics and classrooms. This model has repeatedly failed 

when technological innovations ignore constraints across the wider system. +or 

example, the 4ne Laptop per Child programme in Peru had little eǺect on maths 

and reading test scores, and other similar programmes succeeded only when 

integrated with broader changes to teaching. *Ǻective service delivery addresses 

the complexity of systems, and involves a variety of actors and end users who 

have diǺerent roles and motivations.

Policymakers need to take a systems approach both to better understand 

where the problems within health and education lie, and to better predict how 

the system is likely to respond to new technologies. The value of this approach 

is clear. 3ew technologies Ƴ even the most advanced ones Ƴ only work well 

when the broader enabling environment is right. Success in adoption will depend 

on the system as a whole: the various actors, connections among these actors, 

organisational norms, and the local and national political contexts. The absence 

of such an enabling environment, however, should not serve as a reason to wait 

to introduce reforms. Indeed, even when speciǻc elements of the system are not 

working perfectly, reforms made in a joined�up manner can enhance outcomes, 

challenging the status Uuo. +or example, digital payrolls can stymie corruption, 

feedback systems can boost motivation and thereby tackle absenteeism, and 

data�systems can create incentives for more transparency in decision�making. 

And, in the process, such initial steps can start the redesign of systems.

What to do next?

The time is ripe to plan for scale, and to bring digital technologies into health 

and education systems. 2any recent attempts towards innovation still need 

to prove their success. *ven those with careful evaluations are typically no 

more than pilot studies, at relatively small scales. The potential is nevertheless 

clear, and the next step is to start using digital technologies to deliver at scale. 

This is a critical moment. Decisions made by funders and policymakers today 
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will determine whether the roll�out of digital technologies will be a costly way 

to exacerbate failings and ineUualities in existing systems, and a distraction for 

policymakers, or a force of positive disruption towards more eǺective, eǽcient 

and eUuitable systems.

For implementation at scale, the focus will need to be on promoting 

innovation in the private and public sectors, ensuring that progress is 

inclusive, and, especially, creating the right digital foundations for scale. 

In +igure *S1, below, we have adapted a framework from our previous report, 

Charting Pathways for Inclusive Growth, which outlined policy priorities for 

technology�enabled growth.4 The same priorities are valid for innovation in 

health and education service delivery. The key driver for success in using 

digital technologies in service delivery Ƴ the eǺective use of data Ƴ reUuires 

a focus on creating the right enabling digital foundations and digital building 

blocks (explored further below). In addition, governments must create space for 

innovation in service delivery, both in the public sector and with private actors. 

+inally, ensuring that education and health are inclusive will reUuire special 

attention to issues such as access, aǺordability and digital literacy. This report, 

alongside our previous work, argues that in the absence of such an explicit 

focus, existing ineUualities by wealth or gender will be exacerbated.5 

Figure ES1. A policy framework for health and education for all through 

digital technology
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Data will be the fuel that powers future digital systems. The five future 

visions put forward in this report all rely on data to reimagine the design 

and architecture of these systems. -owever, many countries are working from 

a low existing baseline in eǺectively capturing and using data. Countries must 

ensure the right digital foundations are in place: even the simplest digital services 

reUuire digital infrastructure, including access to electricity and internet, and 

digital skills. ;hen setting up such digital foundations, inclusive access must 

be considered. +urthermore, truly harnessing data will reUuire establishing the 

building blocks for future digital systems. Clear rules around data governance and 

privacy must be established: these future visions reUuire signiǻcant centralisation 

of data about citi^ens, and while the potential upside is large, so, too, is the 

potential for harm. 3ew regulations, protocols and rules must be established to 

guard against privacy violations, data misuse, and algorithmic bias. +rom there, 

data standardisation will be key to breaking down silos between programmes, 

and ensuring information can be compared across regions and between 

organisations. Likewise, countries will need to develop Ƹdigital plumbingƹ Ƴ 

metaphorical pipes that collect and transport information for data aggregation Ƴ 

and open digital services to ensure that the insights and value from data 

can be harnessed by innovators, incumbent providers, and ordinary people.

Figure ES2. Foundations and building blocks for future service delivery systems

Digital foundations

Future building blocks

Microservices 
and

interoperability

Governance 
and privacy

Data
standards

Infrastructure and human capability

Digital
plumbing



12 — Positive disruption: health and education in a digital age

How to do it?

This report offers four principles that can help everyone Ƴ citi^ens, workers, 

policymakers, funders and entrepreneurs Ƴ harness the opportunities of the 

digital age for better health and education, and avoid some of the previously 

experienced pitfalls of inappropriate adoption and poor implementation of 

technological innovations at scale.

1. Deploy technology only when it offers an appropriate and cost-effective 

solution to an actual problem. Policymakers and funders should invest 

time and eǺort in identifying the speciǻc problems holding back their 

health and education systems, and they should only decide to use a digital 

solution if it is the best solution on oǺer. They also should be conǻdent 

that an intervention will work in the local and national contexts, and be 

cognisant of the local political or organisational culture. 2oreover, eǽcacy 

at a small scale does not fully inform impact at scale, let alone aǺordability. 

Rather, impact and costs of scaling need to be monitored carefully.

2. Focus on the content, data sharing, and system-wide connections 

enabled by digital technology, not exclusively on hardware. All too 

often, when policymakers look to deploy technological solutions to health 

and education, the focus is on procuring pieces of hardware. -owever, 

digital solutions will only have impact if they are used by everyone � 

frontline workers, citi^ens, and oǽcials. This means that people must 

have access to the right inclusive digital foundations (infrastructure 

and skills), and that software and digital components must be crafted 

to serve the end users.

�. Invest in digital building blocks, not just the bulk collection of raw 

data, in order to move towards the systems of the future. Good data 

can inform decision�making, fuel active feedback loops in a learning 

system, and oǺer personalised services. In practice, digital building blocks 

provide a way to build the reUuired domestic capability as well. These data 

frameworks enable system managers to learn from experience, compare 

interventions, and set standardised criteria for success Ƴ boosting their 

ability to understand their system and implement solutions at scale.

4. Ensure that the technology genuinely works for all by making 

deliberate efforts to engage with and build solutions for people 

who are typically left behind. This should start with explicit attempts 

to understand the speciǻc wants, needs and priorities of marginalised 

communities. Resulting actions can be as simple as providing S2S 

reminders to attend clinic appointments, or as complex as a targeted 

outreach programme, such as the 2uso community health worker 

programme in 2ali, which uses data to improve performance and 

a digital supervision tool to increase impact.
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Decisions made today by funders and policymakers will determine whether 

digital technologies can truly change education and health delivery for all. 

By deploying new tools, and by following the principles outlined in this report, 

developing countries can enhance and change the functioning of their health 

and education systems. They should critically monitor progress in terms of scale, 

impact and cost. If done carefully and judiciously, positive disruption is possible, 

and digital services will bring developing countries closer to the ambition of 

oǺering better health and education for all.
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A Bangladesh Red Crescent 
Society medic oǺers free 
consultation and treatment 
to a child in Teknaf district, 
Bangladesh. Photograph: 
Rufas Raǻ Sircar, 
International Committee 
of the Red Cross, 201�.
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Chapter 1
Introduction

With fast technological change, the contribution of human capital to 

individual and national progress will become more – not less – important. 

In a previous report, the Pathways for Prosperity Commission suggested 

ways in which the potential risks of technological disruption can be turned 

into opportunities for inclusive development. That report, Charting Pathways 

for Inclusive Growth, identiǻed ǻve possible pathways that could be unlocked 

by digital technologies, providing developing countries with new engines for 

growth, better jobs and livelihoods.6 It argued that these pathways can only be 

realised with commensurate investments in human and institutional capabilities. 

Periods of rapid technological change Ƴ such as the current one Ƴ reUuire 

societies to invest in the right skills, both to take best advantage of its potential, 

and to avoid further entrenching the exclusion of the poor, vulnerable groups, 

and women. The ;orld Bankƶs 2019 ;orld Development Report on the future 

of work echoed this with a call for developing countries to Ƹinvest in their people 

with a ǻerce sense of urgency Ƴ especially in health and education, which are 

the building blocks of human capital Ƴ to harness the beneǻts of technology 

and to blunt its worst disruptionsƹ.7

This report asks whether and how current technological change can be 

harnessed to deliver improved human capital for all. -uge sums are spent 

on health and education worldwide to improve human capital, and more careful 

investment could enable great savings. This report focuses on how learning 

and healthcare services can be more effective  how such services can achieve 

these goals more efficiently; and how such services can boost equity in access 

and outcomes, targeting those typically left behind. As in previous reports of the 

Commission, the emphasis is on the opportunities from digital, digitally enabled, 

and related new technologies, as progress in these avenues is particularly 

promising at present.8 The report sets out a vision for data�driven health and 

education systems underpinned by technology used in smart ways  it analyses 

what the beneǻts could be, and how countries can chart a course to achieve 

these beneǻts.
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Figure 1. Children in less-developed world regions spend less time in school 

and learn less per school year

Source: Angrist et al. (2019a), Pathways Commission analysis.

Note: These are technical statistical metrics called “expected years of schooling” 
and “learning-adjusted years of schooling.”9

People across the developing world live longer, healthier lives than they 

once did, and benefit from more education than even a few decades ago, 

but they still remain behind those who live in richer nations.10 4n average, 

the learning outcomes, in terms of learning�adjusted years of schooling, for 

children in sub�Saharan Africa are just under a third of those of children in 3orth 

America (see +igure 1).11 2oreover, there is considerable variability between 

countries in terms of how efficiently they use resources for health and education.12 

+or instance, in countries with around 8 years of schooling, learning outcomes 

vary from 4.� learning�adjusted years (Angola) to � learning�adjusted years 

(,abon).13 The unevenness of this performance suggests this is not simply an 

issue of ǻnancing. +or example, 2adagascar, Bangladesh and South Africa all 

have similar child mortality rates, but South Africa spends 19 times more than 

2adagascar and 1� times more than Bangladesh on healthcare (+igure 2).14 

These diǺerences in eǽciency also tend to translate into large eUuity gaps. 

Resources are often used ineǺectively, suggesting serious failings in health and 

education systems and the broader structures within which they are embedded. 

Serious issues of exclusion remain  the poor, marginalised groups, and women 

are all too often left behind.
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Figure 2. Health outcomes generally improve with health expenditure, 

but this can mask significant variance

Source: World Bank (2019d), Gapminder (2019), Pathways Commission analysis.

Note: This figure uses data from 2013. Expenditure is adjusted for purchasing power parity, 
and is reported as 2011 international dollars. The size of a circle represents a country’s population.

Successful technological change in health and education systems cannot 

be taken for granted, as historical and recent experiences show. +or example, 

the development of vaccines for smallpox and other diseases indisputably made 

enormous contributions to human health. But success stemmed from more 

than the invention of new vaccines  it was achieved through a system developed 

for more eǺective monitoring and to distribute resources, people, and new 

clinical products to the places they were most needed.15 These systems were 

then adapted and changed in response to feedback from operations on the 

ground. Recent attempts to eradicate polio have shown not only the potential for 

change, but also the diǽculties. *radication eǺorts in a wide range of countries 

met with success as a result of deliberate system�wide action, but elsewhere 

there were considerable setbacks in hard�to�reach areas and target groups.16 

*ven for successful technological innovations, adoption can be slow and 

uneven, and can hit constraints of both supply and demand.
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However, as we argue in this report, if implemented carefully, digital, 

digitally enabled, and related new technologies hold great promise for 

health and education systems. In Chapter 2, we assess the state of global 

health and education. Chapter � examines emerging digital solutions to four 

common system constraints, often predicated on increasing connectivity 

between citi^ens, providers, governments, funders and suppliers. Indeed, 

with new technologies, new organisational models for service delivery may 

well become feasible Ƴ potentially allowing systems to be redesigned to be 

lower�cost and more eǺective. Possible near�future visions for health and 

education service delivery are discussed in Chapter 4, and Chapter � describes 

the digital foundations and building blocks reUuired to translate these visions 

into reality, from electricity infrastructure, to digital standards and regulations. 

Chapter � concludes by oǺering a set of principles to guide policymakers 

keen to start implementing these visions.

If a single lesson may be drawn from our analysis, it is this: silver bullets 

rarely deliver without a clear understanding of, and appreciation for, 

the broader operating environment. Consider an example: ,ene<pert, 

a state�of�the�art test for tuberculosis diagnosis, has no eǺect when patients 

fail to return to the clinic to get their medication.17 This is not to say that better 

diagnostic technology is not important, but merely that it may be rendered 

impotent if another part of the system is broken. Technology alone is not a cure  

it can be a vital part of eǺorts to improve outcomes, but it must be deployed 

alongside a genuine desire to understand and solve broader system constraints. 

It is for this reason that we emphasise health and education systems, 

and how technology can improve them.
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The manager of the village 
pharmacy accounts 
for her stock in Sindian 
village, >iguinchor region, 
Senegal. Photograph: 
Bruno Dem³ocU, 
International Committee 
of the Red Cross, 2010.
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Chapter 2
Understanding health 
and education systems

New technologies – particularly the most advanced ones – need to work 

in a way that is sustainable and scalable: the broader enabling environment 

needs to be right. This enabling environment includes many factors, such as 

funding availability, resource allocation, political economy, worker training, and 

supply chains. Service delivery entails complex systems, involving a variety of 

actors with diǺerent roles and motivations, all independent but connected, and 

all critical for the delivery of results. Systems approaches have been developed 

by public policy researchers to help better understand the complexities, 

interdependencies and structural constraints in a range of ǻelds, including 

service delivery.18 2apping out these interdependencies, even at an abstract 

level, allows decision�makers to take account of dynamic causal relationships: 

when change occurs at one point of a system, it can have a ripple eǺect 

throughout the network.19 Perhaps most usefully, a systems approach can help 

a decision�maker to consider all the peripheral factors that inǼuence results, 

to avoid negative unintended conseUuences, and to mobilise technologies 

as part of a broader approach to inclusion, reform, and cost savings.

The impact of new technology in health and education to date has not 

always been positive, and crucial lessons from past failures must be learned. 

In the past, governments have tended to focus on investment solely at the point 

of delivery: the clinic or the classroom, as this is where the technology is most 

visible, and the political or bureaucratic gains of advancing new technologies 

are most immediate.20 3otable examples are in the deployment of digital 

hardware for educational purposes, without due attention to the local context 

or the existing education system.21 The 4ne Laptop per Child initiative in Peru, 

for instance, had no eǺect on mathematics and reading scores 1� months 

after implementation, partly because teachers were not provided with any 

training on how to sensibly incorporate the laptops into their teaching.22 A new 

tool or new method may seem simple, but it must be implemented day in, 

day out, by real people, with their own personal, ǻnancial, professional and 

political imperatives. Unless their everyday practices align with broader reform 

objectives, innovations will struggle to take hold.23 Indeed, a large randomised 

control trial (RCT) in China showed that deploying digital eUuipment in schools 

did not have any eǺect on learning, while integrating such eUuipment into 

teaching practices did.24
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Biwi Primary School, 2alawi. Pupils use onebillionƶs Ƹonecourseƹ educational programme. 
Photograph: onebillion 2019.  

Although education and healthcare system frameworks differ in important 

ways, they share many fundamental features related to their actors, 

motivations and interconnections. In +igure � on page 22, we suggest 

a general, simpliǻed framework to understand both education and health 

systems (and perhaps other systems beyond these). This is not intended to 

be a comprehensive representation of systems, but it sets out the actors 

and relationships between them that are discussed in this report.
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Figure 3. A simplified system framework for health and education

Note: the numbers 1–4 indicate common constraints examined in Chapter 3.
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The framework identifies four main actors:

• Citizens are the potential recipients of education and health services 

(in this report, we use Ƹciti^ensƹ as a catch�all for the general public). 

The outcomes (or results) of a system (ie better health and more learning) 

ultimately occur in the lives of ordinary citi^ens, so any attempt to optimise 

other parts of the system must consider how it will eventually improve 

these outcomes.

• Frontline providers directly interact with citi^ens at the point of delivery. 

These can be people such as doctors and community health workers, 

teachers and school principals, or frontline delivery units, such as 

schools and clinics.

• Intermediate organisations make up the broader organisational 

environment, and include the authorities that manage frontline providers, 

as well as organisations that provide other inputs (eg provider training, 

supply chain management, logistics).

• Policymakers and funders are the experts and authorities who design, 

regulate, supervise and ǻnance services. They set the overarching goals 

and parameters of the system, but are not directly involved at the point 

of delivery.25

In addition to these four main categories, there are other actors that have 

a stake in health and education. +or example, when diagnosing problems with 

a health system, it is worth considering non�state health providers. Similarly, when 

implementing technological solutions, it is worth thinking about organisations 

that mediate tech development and implementation, such as 3,4s or 

private providers.

Despite being a crude approximation, this analysis provides benefits by 

highlighting interdependencies and connections – factors far from the 

point of delivery that inevitably influence outcomes. +or a system to work, 

interventions and programmes must be designed in a way that is coherent 

with the broader system, with deliberate attention to identifying and assessing 

the fundamental constraints (see Box 1 for a case study of healthcare reforms 

in Africa). +or instance, a health centre cannot fulǻl its function if the drug 

supply chain is deǻcient  greater local autonomy for school management 

will likely make limited diǺerence if resources remain centrally controlled  

and expanded frontline staǽng may not lead to top�Uuality services without 

training, motivation, and career structures that reward performance.26
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Because a system is a collection of different actors, the individual people 

involved need to be included in considerations of change: a system’s culture 

and institutions are of crucial importance. Sometimes service delivery systems 

are constrained by country�wide organisational culture. (+or instance, corruption 

and disinterest at the top level can aǺect all actors across the system).27 This 

means that a new technology or a novel programme should not be deployed 

simply because it is technically possible, or even because it worked elsewhere, 

but because there is a reasonable expectation that it will work within a specific 

context and system. It would be a mistake to start with technology as a solution 

in search of a problem.

Box 1. Complex systems in the real world: healthcare in Africa

A service delivery system is more effective when all its components function in an 

interconnected manner, even if none of the individual components are top quality. 

In Ethiopia, the mortality rate of children under the age of five dropped from 

214 to 58.5 per 1,000 (a reduction of 73%) between 1987 and 2017.28 This reduction 

was largely due to improved nutrition, vaccinations, sanitation, and treatment 

of diarrhoea and pneumonia. Such steps were part of a deliberate strategy 

to improve outcomes through strengthening all components of the primary 

healthcare system.29 None of the interventions worked perfectly. In fact, only 

27% of pneumonia cases were treated. Nevertheless, the combination of these 

interconnected improvements resulted in an impressive overall outcome. This 

contrasts with the experiences of Nigeria, which had almost seven times more 

qualified frontline health workers than Ethiopia (as of 2009), but achieved a smaller 

reduction in child mortality (a 52% reduction over the same period).30 Though 

Nigeria was considered a top performer in Africa in terms of providing frontline 

staff, the Nigerian system supply chain functioned poorly, workers had low 

skill levels, and little money remained for drugs and supplies.31 In Kenya, child 

mortality also improved only modestly (based on what one would expect from 

the country’s level of GDP). According to researchers, key contributing factors to 

this outcome were a lack of unified policies to align the incentives of government, 

donors, stakeholders and beneficiaries, and suboptimal monitoring.32

Ethiopia’s success stems from well-designed interventions that avoid investing in 

isolated silos. Previously, its health expenditures had focused largely on hospitals, 

while development partners had invested in disease control. These represented 

two largely separate lines of action. In 2005, the health ministry devised a strategy 

to align disparate funding, incentives, and goals.33 In practice, this meant looking 

beyond the point of delivery and implementing reforms in several areas: creating 

more health posts, improving laboratories, creating an agency to manage the 

pharmaceutical supply chain, training health workers, building data-management 

systems, and investing in water and sanitation. The Ethiopian reforms were 

also successful because they were linked together in deliberate ways. When 

a programme created new health posts, a conscious effort was made to link these 

to the needs of the local citizens (not just to the priorities of central policymakers). 

For example, reporting went to local village administrators as well as health centre 
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management, and some programmes involved community volunteers alongside 

frontline workers.34 Despite the general positive trend, inclusivity remains 

a challenge: improvements in mortality rates for children younger than five were 

the lowest for the poorest Ethiopians, with no improvement at all on some other 

health outcomes. It will be worth tracking whether these numbers shift in a more 

positive direction as Ethiopia’s current prime minister has placed far greater 

emphasis on connecting with traditionally marginalised groups across the country.

 

Patients in State Specialist -ospital, Borno State, 3igeria. Photograph: Serrano Redondo, 
/esus Andres. International Committee of the Red Cross 201�.
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-endriyanti Benny teaches 
in a school in 3usa Tenggara 
Tengah, *astern Indonesia. 
Photograph: Santirta 
2artendano A., Pathways 
Commission, 2018.
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Chapter 3
Finding digital solutions to 
today’s system constraints

Digital and digitally enabled technologies are already changing societies 

and economies. The dramatic improvements in computer processing speeds, 

in line with 2ooreƶs law (predicting the doubling of computing power roughly 

every 18 months), have led to an acceleration of progress in a wide range 

of advanced technologies such as robotics and machine learning, making 

the production of goods and services more eǽcient. There have also been 

substantial changes in the way people Ƴ and their devices Ƴ can be connected 

through improved internet infrastructure, the Ƹinternet of thingsƹ (and other 

interconnected devices) and new methods for communication. These 

developments are having profound impacts on all parts of society, as explored 

in previous Pathways for Prosperity reports.35 Table 1 oǺers some examples of 

the diǺerent routes through which digital and digitally enabled technologies 

bring down costs across an economy. This framework can also bring to light 

the opportunities for more cost�eǺective service delivery.

Table 1. How digital technologies are changing economies and service delivery

Economic 
applications

Service delivery 
applications

Service delivery 
examples

Production

Producing goods 
Delivering health 
and education

Robots in factories, 
automation of tasks 
across the economy, 
replacing workers and 
changing the nature 
of work.

Changing how actors 
perform their tasks 
and functions, typically 
at the point of delivery.

Automated health 
diagnosis  codiǻed 
or personalised 
computer�
supported teaching 
and learning.

Interconnections

*xchanging goods, 
services, information, 
labour and capital

Platforms for retail 
sales, transport  
access to capital  
skill acUuisition  
better labour market 
matching of skills; 

remote working.

Changing the Uuality 
of connectivity in the 
system, boosting 
performance through 
better allocation 
of available inputs 
and resources.

Digital supply�
chain management; 
personnel, data and 
ǻnancial resources  
monitoring 
and Uuality 
control systems.

Organisation

The design and 
architecture of 
a system

Changing global 
value chains towards 
broader sets of goods, 
services and labour 
(eg outsourcing, 
remote 
maintenance, global 
work platforms).

3ew models for 
organising health 
and education.

4nline education 
and health; remote 
Ƹoutsourcingƹ 
of diagnosis 
and treatment; 
Ƹlearningƹ health or 
education systems.

Note: Details on the economic applications are available in Pathways for Prosperity (2018a), 
Charting Pathways for Inclusive Growth: from Paralysis to Preparation.
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Digital and digitally enabled technologies are changing how service 

delivery happens. Broadly speaking, the impact of technology can be divided 

into three distinct groups: production, connection, and organisation (as in Table 1). 

3ew technologies can increase the eǽciency of the production of health and 

education services at the point of delivery. +or example, digital educational 

assessment tools or diagnostic health tools may allow higher�Uuality, cheaper, 

or faster diagnosis of problems and their remedies. Such tools generate much of 

the excitement about technology in policy spheres, and can be a singular focus 

of policymakers. -owever, what tends to be forgotten is that digital technologies 

oǺer great potential to (literally) rewire a system to improve its interconnectivity. 

Improved connections between diǺerent parts of a system can lead to better 

allocation of available resources, as these connections enable better monitoring 

of results, feedback and support systems to frontline delivery staǺ, digital 

supply chain management, digital training platforms, and interventions that may 

encourage citi^ens to seek out and demand Uuality services. Such changes 

could go beyond better allocation, and lead to a more fundamental change in 

the organisation and feasible architecture of the system, for example by changing 

the geographic distribution of health clinics, the medium through which lessons 

are delivered (such as through an e�learning app or online classroom), or the 

role of citi^ens in managing their own health.

Innovation in service delivery – whether through technology or other 

solutions – must start with an in-depth understanding of the problems 

or constraints to be addressed. As Table 1 suggests, even assuming digital 

solutions are deployed with this in mind, new technologies may have multiple 

routes through which to improve the eǺectiveness, eǽciency and eUuity of 

health and education systems. In the real world, every system will have its own 

constraints, interacting in uniUue ways, but for the purposes of this report, we 

focus on four common problems or constraints. These common constraints are:

1. System�wide incentives and motivational gaps for service delivery workers

2. ;eak management and accountability structures

3. 0nowledge gaps on the part of frontline workers

4. Low uptake of services by citi^ens
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Digital solutions to
common constraints

Problem
Low uptake of health and education services

Solution
Targeted digital reminders

Result
Better-attended services, and healthier and  

better-educated people

Evidence
SMS reminders increased Kenyan HIV-patients’ 
regular use of antiretroviral drugs by over 30%, 

improving their wellbeing

Connecting citizens to services

Tech for managing and empowering 
workers
Problem

Frontline workers disconnected from policymakers

Solution
Monitoring and direct digital feedback

Result
)ĵŞoƵeredØ accoƚntableØ dataědrĜƴen staff

Evidence
In Mali, direct digital feedback led to better impact, 

with health workers visiting 40 more houses per 
month (a 10% increase)

Data for smart decision-making
Problem

Weak management and accountability

Solution
User-friendly data collection for decision-making 

Result
aore eþcĜent resoƚrce ĵanačeĵent  

Evidence
In Uganda, mTrac, an SMS-based malaria drug 
availability tool reduced the number of districts 
that were reporting stockouts from 79% to 15%

Digital learning for skilled workers
Problem

�taff oüten lacĩ sŞecĜalĜst sĩĜlls 

Solution
Online and digital training  

Result
Better-quality services delivered by well-trained workers 

Evidence
An onlĜne coƚrse effectĜƴelƼ ŞroƴĜded BF� traĜnĜnč to 900 

Zambian clinicians, leading to improved health outcomes
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These constraints are not directly at the point of delivery, and yet each of 

them may be amenable to emerging digital solutions, although in some cases 

only in combination with other changes. ;hile some of the technological solutions 

analysed involve new forms of productive eǽciency, most of todayƶs digital 

solutions are about creating interconnections between diǺerent components 

of the system, whether connecting policymakers to frontline information, 

or exchanging information with citi^ens.36 Some of these also start to hint 

at reorganisation of systems, a topic that is explored further in Chapter 4.

Of course, digital solutions may not always be the best way to address these 

constraints. Technology can be a positive disruptor, but this is not guaranteed. 

Choosing technologically advanced solutions over analogue alternatives 

reUuires a sober justiǻcation based on their eǺectiveness, eǽciency and 

eUuity. Solutions must not be implemented for their own sake  they should be 

deployed only if they address an identiǻed constraint in an appropriate and 

cost�eǺective manner.37 And even when digital technologies are deployed, 

their implementation is not immune from the considerations outlined in the 

previous chapter  a new digital solution still reUuires alignment between actors 

to gain traction.38 That said, the potential of technology to meet and exceed this 

standard is growing. The rest of this chapter will examine examples of digital 

and digitally�enabled technologies being applied today to address the four 

common constraints identiǻed above.

3.1 System-wide incentives for service delivery 
workers: how digital monitoring and support systems 
are helping

The behaviours of frontline service delivery staff can contribute to poor 

outcomes. 2ost health and education professionals feel a deep sense of 

vocation and show commitment to their role in society. 3evertheless, there 

are motivational or even commitment gaps. 4ne study showed absence rates 

among health workers of 40	 in India and Indonesia, ��	 in Bangladesh, ��	 in 

Uganda, and 2�	 in Peru.39 A study in Uganda pointed to absenteeism of hospital 

Tech for managing and empowering 
workers
Problem

Frontline workers disconnected from policymakers

Solution
Monitoring and direct digital feedback

Result
)ĵŞoƵeredØ accoƚntableØ dataědrĜƴen staff

Evidence
In Mali, direct digital feedback led to better impact, 

with health workers visiting 40 more houses per 
month (a 10% increase)
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doctors, with rates as high as ��	, as the cause of delays in referrals of neonatal 

and maternal health cases.40 A study of seven sub�Saharan African countries 

found that 20	 of teachers were absent from school, and 4�	 of those present 

were absent from the classroom.41 This does not solely reǼect staǺ motivation 

and discipline, but also how those motivation levels are shaped through the 

broader system: recruitment processes, training colleges, teacher unions, 

inspectorates, and administrative organisations. Ultimately, this is not simply 

a frontline issue of individual motivation, but is also a product of the systemƶs 

culture and environment created by high�level decision�makers.42

Digital tools are already helping to tackle absenteeism among health and 

education workers, and these tools may be more cost effective than other 

types of interventions. There have been some attempts to solve the problem 

by improving pay or linking it to performance, but these have met with limited 

success.43 Better monitoring can be more eǽcient and eǺective: indeed, simply 

increasing the freUuency with which teacher absences are monitored can be ten 

times more cost�eǺective than hiring more teachers.44 Digital systems are being 

used to do this successfully. In Rajasthan, for example, making teacher salaries 

a function of attendance and using time�stamped camera photos as monitoring 

devices decreased absenteeism by 21	,45 at least initially.46 -owever, a similar 

programme for nurses in the same Indian state failed: six months in, absenteeism 

returned to prior levels as nurses started cheating or damaging machines, 

and local authorities started colluding by approving fake Ƹexempt daysƹ.47 This 

demonstrates the diǽcult and complex nature of implementing change in 

a system, and illustrates the importance of top�level governance: if corruption 

or gross ineǽciency are tolerated or encouraged at the national level, it will send 

a powerful market signal that such behaviours are acceptable at a local level.

To make good use of digital technology for monitoring and supporting 

workers, policymakers need to take into account the incentives and 

motivations of actors, as well as other system factors. Indeed, the procedural 

tasks monitored through some accountability mechanisms, such as attendance, 

may not be the best predictors of good health and education outcomes.48 +or 

example, using a ,PS tool to ensure that a teacher arrives for class will not 

ensure that the students learn. Such accountability measures merely address 

a symptom and there remains a need to resolve underlying issues like corruption, 

misaligned incentives, intrinsic motivation, or other barriers confronting providers. 

+or instance, in Papua 3ew ,uinea, teachers had to travel to a district oǽce 

to collect their salaries (in some cases taking a whole week), necessitating an 

absence from work which could be easily resolved through digital payments.49 

Increasing intrinsic motivation can also have outsi^e results compared to 

other investments.50 In Uttar Pradesh, India, a simple voice�and�web�based 

feedback system gives personalised feedback to community health workers, 

with generally positive eǺects.51 Technology can thus be used to good eǺect 

as a way of showing frontline workers that they are valued, and not just as 

a means to check up on them.
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3.2 Weak management and accountability structures: 
how these are being addressed through better digital 
data flows

Several failings at the point of delivery can be linked back to weak 

management and accountability processes, where the poor collection 

and flows of actionable data make appropriate decision-making impossible, 

even when decision-makers have the political will to drive change. In many 

places, the collection of outcome data to monitor the state of progress remains 

sparse. Decision�makers rarely have data on whether learning outcomes 

are improving, or infectious diseases are declining.52 There are practically no 

standardised national learning assessments in low�income countries,53 and even 

if data is collected, it is rarely acted upon. +or example, *do State in 3igeria 

had conducted annual teacher performance evaluations, but these evaluations 

did not aǺect decisions on teacher promotions, lead to sanctions, or result 

in rewards for teachers based on their performance.54

Digital tools are an effective means to collect the health data that is essential 

for decision-making.55 2obile :RS, a web�based application in Uganda, is one 

such successful example. Recording births is a key aspect of data collection 

for health planning: without this data, countries only have an approximate idea 

of the si^e, health, and longevity of their populations. +ollowing a pilot in 2010, 

2obile :RS has now essentially become the main system for recording births in 

Uganda. ;here previously only 28	 of births in the country were registered, this 

is now close to �0	.56 At �0.0� per registration, the cost is very low,57 and 2obile 

:RS is likely to become an integrated part of the forthcoming national ID system. 

-owever, while the system reaches more underserved areas than previous 

initiatives, it doesnƶt work for people or regions without cellular network access 

(although workarounds include sending paper registration forms to a regional 

oǽce for digitisation).58 A very diǺerent example comes from 3igeria, where 

micro�planning of polio vaccination administration has been improved using 

satellite imagery and ,PS tracking to help teams identify missed settlements.59

Data for smart decision-making
Problem

Weak management and accountability

Solution
User-friendly data collection for decision-making 

Result
aore eþcĜent resoƚrce ĵanačeĵent  

Evidence
In Uganda, mTrac, an SMS-based malaria drug 
availability tool reduced the number of districts 
that were reporting stockouts from 79% to 15%
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Better data flows are also contributing to better management, allocation of 

resources, and accountability. The :IS-;AS programme in rural 2aharashtra, 

India, is best understood as a mechanism to improve the Uuality of data 

collection, in a context of potential corruption or non�compliance (by inspectors 

or school managers) that may create incentives to falsify records. Data is 

collected on a variety of indicators, including school attendance, test results and 

use of the free midday�meal scheme. Importantly, the information is location� 

and time�stamped on the ,PS�linked devices of both the visitor and the school 

management team, reducing opportunities to falsify or lie about inspections. 

4perating across more than 1,�00 schools, the system appears to have helped 

catch absent inspectors and teachers, and inspectors submitting false reports. 

It has also shown an apparent improvement in teaching practice.60 Digital 

systems can also help solve problems with physical resource allocation, such 

as drug stock outs, which are still common around the world.61 4ne successful 

example is mTrac in Uganda, which started in 2011 as an S2S�based tool to 

track the availability of malaria drugs. It rapidly became the system for tracking 

stock levels of �4 key drugs, together with an automated ordering system and 

built�in feedback loops for better decision�making. ;hile not without challenges, 

stock management and disease reporting rates in the country have dramatically 

improved for only a modest cost, with weekly health facility report completion 

rates increasing from �0	 to �8	 within three years and the number of districts 

reporting stockouts decreasing from �9	 to 1�	.62

While digital data flows can improve many specific functionalities of service 

delivery, it is important to keep the wider system in mind. The collection of 

data is a necessary, but insuǽcient, condition for eǺective decision�making  

ensuring that policymakers and political leaders are committed to using 

data and evidence will always remain a challenge. The use of data to 

support management is predicated on the assumption that policymakers 

and organisational managers are willing and able to redistribute resources, 

invest in their people, and allow themselves to be held accountable.

3.3 Knowledge gaps of frontline workers: 
how digital technology provides a bridge

Digital learning for skilled workers
Problem

�taff oüten lacĩ sŞecĜalĜst sĩĜlls 

Solution
Online and digital training  

Result
Better-quality services delivered by well-trained workers 

Evidence
An onlĜne coƚrse effectĜƴelƼ ŞroƴĜded BF� traĜnĜnč to 900 

Zambian clinicians, leading to improved health outcomes
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Skill levels among teachers and health workers remain poor. In sub�Saharan 

Africa, for example, both teachers and health workers often achieve very low 

scores in assessments of even the most basic skills.63 In Uganda, only ��	 of 

public health workers could correctly diagnose at least four out of ǻve common 

conditions, such as malaria with anaemia, or diarrhoea with dehydration � one 

of the most common killers of infants and children. 2oreover, teachers in 

many developing countries fail to demonstrate Ƹminimumƹ knowledge of the 

curriculum, deǻned as the ability to correctly answer 80	 of the Uuestions 

on an assessment of the primary school curriculum. Those who passed this 

low standard represent 2.4	 of teachers in 3igeria, under 1	 of teachers in 

Togo, and just 0.�	 of teachers in 2o^ambiUue. *ven in Uganda and Tan^ania, 

often thought of as better�performing countries, teachers who passed this 

minimum standard of knowledge represent a tiny minority: only 10.1	 in Uganda, 

and 1�.�	 in Tan^ania.64

Digital tools are contributing to improvement in both knowledge and 

practices. A number of organisations supply electronic versions of textbooks 

with the aim of making them accessible to teachers everywhere. +or example, 

0ytabu in 0enya provides all reUuired textbooks as e�books.65 In addition, 

easily searchable and user�friendly specialist resources for teachers and health 

workers have also emerged. In India, Digital Infrastructure for 0nowledge Sharing 

(DIS0-A) is a prime example of best practice guidance for education.66 It is an 

open�source educational platform to which teachers contribute educational 

resources, guides and structured lessons. The platform eǺectively developed 

a community of practice, and in 2019 it gained the support of educational 

authorities in 28 states. There are similar examples in health: in Tan^ania, e�I2CI 

(electronic�Integrated 2anagement of Childhood Illness) uses mobile phones 

to provide community health workers with ;orld -ealth 4rgani^ation�approved 

protocols for treating common childhood diseases. The system gives the workers 

easy access to relevant expertise.67 If aligned to curriculum and regulations, 

and developed with careful Uuality control, such models will serve those keen 

to improve their teaching or healthcare practices, and will oǺer low�cost ways 

of doing so. -owever, they are Ƹfor the willingƹ, that is, for those motivated to 

improve and sustain good practices. In this sense, it Ƹworks with the grainƹ, 

supporting and boosting motivation, and seeking progress without disruption.

Online on-the-job training offers a low-cost opportunity to ensure that service 

providers’ skills are developed, maintained and up-to-date. Training health 

workers and teachers using online tools is an increasingly common practice. 

+or example, the -I: Clinical Care Course provided online learning for clinicians 

in >ambia. The course included live web chats and an online discussion forum. 

It gained traction, reaching 900 health workers at an average per student rate 

of �1�1, making it less costly than other -I: training available in the country.68 

Similar interventions in education are also proving promising. Teacher *ducation 

in sub�Saharan Africa (T*SSA), Africaƶs biggest teacher education collaborative 

initiative, has created a large, online bank of teacher education materials, with 

particular attention to the core areas of literacy, numeracy and science.69
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3.4 Low uptake of services by citizens: how digital 
technology is helping

An enduring challenge in health and education is that citizens do not always 

make use of the services available to them. This tends to be disproportionately 

the case for women and for the poor. Reasons for this can be manifold. They may 

not have suǽcient information on the beneǻts of health and education services 

(or even on the services that are available to them). They may ǻnd it diǽcult to 

commit to showing up for class or appointments, or to adhere to drug schemes. 

4r, the services on oǺer may be unaǺordable, of low Uuality, prohibited by social 

norms, or simply inconvenient to access.70 Addressing this low uptake (which 

we refer to as a demand�side constraint) is crucial  even if other constraints are 

tackled, health and learning outcomes will not improve if citi^ens do not take up 

the services oǺered to them. Technology can help to address this challenge, if 

it is implemented in a way that centres on reaching marginalised citi^ens who 

are not currently accessing these services.

Very basic knowledge – for example, about the benefits of preventative 

healthcare – has not spread to some regions. In 2alawi, for instance, many 

misconceptions about infant nutrition persist, such as that the broth of a soup 

contains more nutrients than the meat or vegetables therein, or that eggs are 

harmful to nine�month�old infants.71 2ore often than not, in matters of health 

information, patients and parents adhere to cultural traditions and the advice 

of local ƸinǼuencersƹ rather than oǽcial, government�mandated guidelines. 

Demand for education and health services among women and girls tends to 

be particularly low. +inancial, cultural, and social barriers often prevent girls 

from attending or continuing school, and similarly deter women from seeking 

care during pregnancy.72 Reducing such gaps in service uptake can result in 

large gains in health and learning outcomes. +or instance, a child with a literate 

mother is �0	 more likely to survive past the age of ǻve, in part because 

children of educated mothers are more likely to receive vaccinations.73

Problem
Low uptake of health and education services

Solution
Targeted digital reminders

Result
Better-attended services, and healthier and  

better-educated people

Evidence
SMS reminders increased Kenyan HIV-patients’ 
regular use of antiretroviral drugs by over 30%, 

improving their wellbeing

Connecting citizens to services
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Digital technologies can be used to increase the uptake of education and 

health services. This may be directly, by disseminating information (eg on the 

beneǻts of formal schooling74 and healthcare) and thus aiding commitment to 

the use of services  or indirectly, by shifting social norms, for example regarding 

stances on the use of schools, health services and technology by women and 

girls. The deployment of technologies is a natural next step in the eǺective use 

of social marketing to advance health and education goals. A project in Burkina 

+aso, for instance, sent mobile phone messages to pregnant women, new 

mothers, and people living with -I:, which led to increases in mothers seeking 

prenatal care, assisted deliveries and follow�up treatment.75 2ental health 

patients in 3igeria who received S2S reminders for their next appointment 

were twice as likely to attend their appointment as patients receiving standard 

paper appointment reminders.76 Digital communication technologies Ƴ through 

educational entertainment and social media, in particular Ƴ can also provide 

eǺective means for helping to indirectly shift social norms, and increase 

knowledge of preventative health measures.77 In 3igeria, for example, viewers 

of 2T: Shuga, an educational entertainment T: series with sexual health 

messaging, were twice as likely to get tested for -I:.78 Although the space 

for inǼuencing via the media is crowded and hard to break into, the increasing 

penetration of digital social media among younger people Ƴ even in relatively 

poor settings Ƴ is creating a massive opportunity to get a new generation to 

take ownership of their health and education.

To avoid exacerbating existing inequalities in health and education outcomes, 

digital solutions need to be tailored towards those citizens whose uptake 

of services is currently low. If the same social norms that prohibit girls from 

walking longer distances to attend secondary school also limit their access 

to mobile technology (which could oǺer an alternative education medium), 

ineUualities will not merely remain but may even be exacerbated.79 An earlier 

report by the Pathways for Prosperity Commission highlighted the limitations 

of womenƶs and girlsƶ access to mobile technology, as compared to that of their 

male counterparts, across seven countries. These disparities applied irrespective 

of their age, education, location, and income level. In Pakistan, for example, 

almost 80	 of men own a mobile phone, compared to �9	 of women, with the 

largest disparity existing for internet�enabled phones.80 -igh handset and mobile 

data costs, as well as social norms,81 prevent women from accessing digital 

technology, hindering the information Ǽows available to them, including on 

the topics of education and health.
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A doctor carries out 
medical checks on a 
newborn baby at a health 
centre in Yirimadio, 2ali. 
Photograph: 2uso, 2014.
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Chapter 4
Glimpsing the 
systems of the future

Digital technologies can completely redefine the health and education 

provision of the future. The evidence from the examples Uuoted in the previous 

chapter suggests that digital technologies, used well, are already helping to 

overcome some of the speciǻc, serious challenges of health and education 

delivery in the developing world. Such technologies oǺer improvements in 

the eǺectiveness, eǽciency and inclusiveness of todayƶs health and education 

systems. They also hint at more ambitious visions for the future, in which digital 

technologies help us to more fundamentally rethink how health and education 

service delivery takes place. This chapter looks forward, and begins to articulate 

possible visions for the future as follows:

1. Careful and deliberate low�cost data collection will make it possible 

for health and education systems, supported by digital technologies and 

artiǻcial intelligence or machine learning, to continuously learn and improve 

by creating feedback loops for decision�makers at every level.

2. The systems of the future have the potential to be proactive, inclusive 

systems, targeting the citi^ens most in need of services. *ducation 

and health services can be provided for those who are not reached 

by conventional methods, drawing technological resources not just 

to those who can aǺord them, but also to those who need them most.

�. Learning and healthcare will be personalised in ways that can 

be tailored to even the poorest and those left furthest behind.

4. Automation, and new formats of service delivery will redefine 

but not diminish the roles of teachers and healthcare staff.

�. Improving communication technologies (from phones to video�link, and 

perhaps virtual reality) create the opportunity for a virtual system, bringing 

down the walls of classrooms and clinics and providing expertise even 

to remote areas.
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Communication technology will make 
health and education resources more 
widely accessible in remote areas.

Vision 5: Virtual systems

LIVE

Service providers will perform fewer administrative tasks, 
and will focus on human-centred and specialised tasks.

Vision 4: Changing roles of workers

Tailored lessons and personalised healthcare 
can be better suited to meet individual needs.

Vision 3: Personalised systems

Five in a row! Well done!

Actively identifying and reaching out 
to at-risk people helps to ensure the 
inclusion of those most in need.

Vision 2: Proactive systems

Feedback loops from frontline 
workers to policymakers – and 
everyone in between – allow 
the system to continuously 

learn and improve.

Vision 1:
Learning systems

Five visions Digital technology can revolutionise the provision 
of health and education services of the future.
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We start by reimagining systems, and then examine what practical steps 

can now be taken in developing countries to move towards these futures. 

Parts of these visions are for the coming decades, but other parts can begin 

to be realised within the next few years. 4f course, in many locations, a wash 

basin in the health clinic and electric lights in the classroom would constitute 

a transformative Ƹfuture visionƹ. -owever, even in the most challenging of 

circumstances, digital technologies oǺer a promising tool to improve the design 

and architecture of existing systems. *xplicit eǺort will be needed to build eUuity 

throughout implementation of the ǻve visions, as these will not be inclusive 

by default. Too often, technological change exacerbates existing ineUualities, 

beneǻtting the better oǺ and those already digitally connected, rather than those 

most in need.82 Such changes will necessarily be disruptive and challenge the 

status Uuo. The opportunity for reimagined future systems is here, but realising 

this opportunity reUuires determined political commitment and, as always, 

a profound understanding of the existing system.83

4.1 Vision one: learning systems

One future scenario envisions health and education systems that intensively 

collect and generate data used to help actors in the system to continuously 

learn and adapt. The concept of a learning system comes from healthcare, 

deǻned, for example, as a system in which Ƹscience, informatics, incentives, 

and culture are aligned for continuous improvement and innovation, with 

best practices seamlessly embedded in the delivery process and new 

knowledge captured as an integral by�product of the delivery experienceƹ.84 

This has inspired signiǻcant eǺorts in the US and the U0, but there are nascent 

indications that this may also be feasible and aǺordable in education for low� and 

middle�income countries. Such models oǺer huge potential for change in both 

health and education spheres.85 In this vision, providers will take advantage of 

digital technology to make the collection, linking, storage and use of relevant 

data faster and cheaper than ever Ƴ and this trend will only accelerate. This is 

a system that records the real�time results of current practice, synthesises this 

into future recommendations, and learns from Ƹlive experimentsƹ with slight 

variations in practice. A learning system will thus be a system in which data and 

information are optimally used and presented to enable the system managers 

and decision�makers to understand, learn, adapt and make better decisions. 

Feedback loops from frontline 
workers to policymakers – and 
everyone in between – allow 
the system to continuously 

learn and improve.

Vision 1:
Learning systems



42 — Positive disruption: health and education in a digital age

Its impact will be most signiǻcant if the technology is used to optimise the overall 

architecture of and interconnectivity between all the elements of health and 

education systems.

There are important challenges that need to be confronted to ensure success. 

;hile data will be the fuel of such systems, experiences with concerted and 

integrated data collection within health or education systems to date have 

often been disappointing, indicating the complexity of the task. A learning 

system needs accurate and timely data, but data collection is often patchy 

across a population, burdensome on the frontline worker, and inconsistent 

from one programme to the next. In the future, the burden of data collection 

and analysis will likely be signiǻcantly reduced by technologies such as speech 

and handwriting recognition, and automated data collection at the point of 

delivery (eg directly from the citi^enƶs or providerƶs device). If the appropriate 

Ƹdigital plumbingƹ (see Chapter �) is properly in place to collect standardised 

data at high freUuency, then experimentation Ƴ including using RCTs Ƴ could 

be implemented at low cost with fast feedback loops. The promise is that 

these feedback loops could be introduced to make a diǺerence to health 

and education outcomes, and at little expense.

The power of a learning system comes from linking information from 

different sources to derive new insights and drive better decision-making. 

Some initiatives have already taken this route. +or example, in India, a simple yet 

integrated smartphone�based digital platform for malaria surveillance, called 

2oS6uIT, was introduced in rural 2aharashtra. It combined real�time surveillance 

with treatment data, which resulted in improved detection of outbreaks, better 

monitoring of medical supplies, and adaptive real�time responses.86 Increasingly, 

tools are being developed to collect, visualise and use data on performance to 

make decisions. +or example, BluesUuare Ƴ a company dedicated to using data 

systems and tools to improve the eǽciency of public services Ƴ has worked 

with governments, 3,4s and donors in 18 countries to develop technological 

health ǻnancing and decision�making solutions, such as tablet�based data 

collection and visualisation tools.87 ;ork is also underway on the ,hana School 

2apping platform,88 a smartphone platform which allows users to collect and 

display information on the resources, teachers, infrastructure (eg state of roads, 

distance from students, and availability of toilets and facilities), and performance 

of the school. The platform represents a potential ǻrst for ,hana: an integrated 

database of the assets, people and resources in the education system. This 

tool should foster better decision�making as regards the allocation of resources 

and ǻnance, such as for repairs and the placement of teachers. 2oreover, it also 

allows for the monitoring of investments or outcomes (both by policymakers 

and by citi^ens) using relatively low�cost smartphones and cloud�based hosting. 

These methods have similarly enabled policymakers to monitor systems 

and make decisions in real time.89

Future systems will exploit this vast amount of data to develop a higher-

quality, actionable evidence base, and to continuously learn from it. ;ithin 

a learning system, knowledge is shared continuously as lessons are learned, 
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to inform better practice for both doctors and teachers, and better decisions by 

stakeholders higher up in the system.90 2oving forward, increasingly easy�to�use 

algorithms and platforms will bring analytical tools into more peopleƶs hands, 

not just into those of technocrats. In >ambia and Tan^ania, for example, the BID 

(Better Immuni^ation Data) Initiative creates a pipeline of Uuality immunisation 

data that can be used by providers and decision�makers alike. Such projects 

show that, with the right tools and training, frontline providers can use data to 

improve their work.91 In the future, embedded feedback loops could help all 

actors in a system better understand the broader context in which they work, 

and more easily take on board new evidence, ǻndings and best practice.

4.2 Vision two: proactive systems supporting 
education and health for all

Digital technologies offer the opportunity to proactively focus on including 

those left behind in current service delivery models. It remains the case that 

globally, 2�0 million children and youth are out of school, and about ��0 million 

are in school but not learning.92 2eanwhile, approximately 20 million infants each 

year (or 1�	 of all newborns) do not receive the reUuired vaccinations.93 The ǻve 

visions described in this chapter have the potential to be inclusive of those 

people currently excluded Ƴ but this will not happen without speciǻc actions 

and proactive, system�wide eǺorts and incentives.

In health, digital technologies can improve population-wide health and 

disease-prevention practices, and facilitate the timely use of health services. 

Community health workers who provide populations with health advice, and 

raise awareness of facilities, have long been part and parcel of health provision 

in poorer settings. Community case management, in which speciǻc children 

or mothers are tracked, is one common model, although it does not always 

have the desired or expected eǺects.94 That said, when partnered with a Uuality 

programme that is designed to work in the context of the local system, digital� 

monitoring and case�tracking tools can boost outcomes. In 2ali, a proactive 

community case management programme initiated by an organisation called 

2uso contributed to rapid declines in child mortality in peri�urban areas. In 

the core programme, community health workers actively seek out patients 

who are likely to reUuire care.95 -ealth workersƶ eǽciency was increased by 

Actively identifying and reaching out 
to at-risk people helps to ensure the 
inclusion of those most in need.

Vision 2: Proactive systems
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using a digital tool, a platform�based dashboard, which complemented their 

supervision model by providing individual feedback on their work, leading to 

a 10	 increase in the number of houses visited per month.96 In another case, 

in Tan^ania, personalised, automated S2S messages were used to remind 

community health workers that a visit was overdue, reducing delays in visits.97 

In Uganda, among other countries, a portable ultrasound device called ButterǼy 

i6 is in use. This device, which connects to an iPhone, helps diagnose patients in 

remote areas, opening the possibility for proactive frontline workers to undertake 

more complex interventions.98 Digital technology can also proactively triage and 

direct patients, ensuring resources are allocated to those who need them most. 

In principle, initiatives such as Babylon -ealthƶs chatbot, which has been rolled 

out in Rwanda, may oǺer eǺective triage, keeping relatively healthy or low�risk 

patients out of clinic waiting rooms.99

In education, digital technologies will allow more precise targeting of 

pupils whose learning is lagging behind, and of schools that perform poorly. 

Personalised learning tools that allow for adaptive learning will allow teachers Ƴ 

and, indeed, the overall system Ƴ to oǺer better targeted education. This will mean 

that instruction methods can eǺectively help those being left behind, not just those 

at the median or top performance levels, as is often currently the case. A future 

learning system should help to predict where children are at risk of falling behind or 

dropping out of school, triggering proactive responses to support these individuals. 

Time gained from automated learning can also be used to ensure that those 

from more deprived backgrounds gain the conǻdence to make the most of their 

education. 3one of this will happen automatically: such achievements will reUuire 

deliberate measures and political commitment, including incentives for schools 

that are not based primarily on top�end performance, but rather on successful 

learning for all.100

Specific effort will still be needed to ensure that poor and vulnerable groups, 

not least girls and women, are actually included. Technology can help here, 

too. Approaches that address the Ƹdemandƹ side of health and education are 

often lacking in poor communities. Children are often not sent to school or 

drop out too early, while health services are generally underutilised or used too 

late. Section �.4 showed how ǻnancial, social and cultural barriers can prevent 

people from accessing services, and how building up citi^ensƶ knowledge of 

and demand for services can start to overcome these impediments. In a truly 

proactive future system, it will be possible to identify these vulnerable and 

excluded populations, and to direct resources towards them. As we explore 

in Chapter �, this will reUuire digital infrastructure Ƴ including digital ID and 

authentication Ƴ to allow the sort of analysis reUuired to bring marginalised 

populations out of the shadows. Such steps can also empower citi^ens and 

service beneǻciaries, who can track whether they are receiving beneǻts, 

and engage in the feedback loop that powers a proactive system.101 In some 

countries (such as India) this is already starting to reshape how policies are 

designed for people in poverty.102 4pportunities for bridging the gender gap may 

also emerge, although this ambition is still far from being realised (see Box 2).
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Box 2. Gender in health and education: building digital bridges

Gender gaps are present in both health and education, in terms of demand, access 

and outcomes. Financial, cultural and social barriers – including, for instance, potential 

danger in the walk to distant schools, and the lack of safe toilet facilities – prevent 

many girls from attending school. While disparities in primary school enrolment rates 

between boys and girls have largely ended, inequalities in secondary enrolment persist. 

In 2012, for example, for every 100 boys enrolled in secondary school, only 84 girls in 

sub-Saharan Africa and 93 girls in South and West Asia, respectively, were enrolled.103

Similarly, women face barriers in accessing healthcare. For example, antenatal 

care can be expensive. Women risk physical harm during travel and abuse in care 

settings.104 Indeed, the figures on healthcare outcomes for women are alarming: 

in sub-Saharan Africa, the maternal mortality rate is one in 183, as compared to one 

in 10,000 in high-income countries.105 Improving women’s health is obviously crucial 

for both them and their children, but education is also hugely important: a child 

with a literate mother is 50% more likely to survive past the age of five.106

These gender gaps need to be addressed with targeted programmes such as 

land reform, cash transfers, anti-discrimination laws, and positive discrimination 

programmes.107 Technology can also help. SMS services can be used as educational 

tools during pregnancy, with measurable effects on antenatal care attendance, 

utilisation of facilities, skilled health worker attendance at birth, and vaccination rates.108 

Existing video platforms also disseminate information on the value of schooling.109

Technology also offers great potential to help in reimagining services in ways 

that overcome gender barriers. For example, women can directly access specialist 

medical expertise via telehealth, without the associated costs and physical 

dangers of travelling. Chipatala Cha Pa Foni, a health call centre in Malawi, was 

first developed for maternal and child health. Qualified staff members refer 

patients to health centres if necessary, or resolve cases by phone. Evaluation has 

shown positive community effects, from better knowledge of the recommended 

number of prenatal visits, to preparedness for delivery at health centres.110 In 

education, personalised adaptive learning digital tools are beginning to show 

their potential to bridge gender differences in students’ attainment: onebillion’s 

“onecourse”, which delivers content and practice on a tablet, was found to prevent 

a gender gap in reading and mathematics skills from surfacing among first-grade 

students in Malawi – potentially by overcoming sociocultural factors responsible 

for gaps emerging in traditional classroom settings.111

However, while technology offers such benefits, these will not be guaranteed 

without deliberate action. Several factors exacerbate the issues that many 

women and girls face in accessing technology. As the Pathways for Prosperity 

Commission previously highlighted, there is a significant gender gap in access to 

mobile technology. The gap was seen across seven countries, irrespective of age, 

education, location and income level.112 And even when there is equal access to 

technology, some technologies may exhibit inherent biases that disadvantage 
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women. For example, medical technology that uses machine-learning algorithms 

trained on datasets with more male than female data has been shown to not 

work equally well for women.113 The emerging lesson is that technology can help 

bridge gaps in both access to and outcomes in healthcare and education, but the 

foundations of any technological solutions need to be set in place with careful 

consideration of gender from the outset.

 

 

A pupil at school in 3usa Tenggara Tengah, *astern Indonesia. Photograph: Santirta 
2artendano A. Pathways Commission 2018.

4.3 Vision three: personalised systems

By capturing and processing large volumes of individual data, digital 

and digitally enabled technology will make personalised “diagnosis and 

treatment” possible in both health and education systems. 2indspark, 

a digital personalised learning software, is one of the programmes that has been 

rigorously evaluated. In India, where 2indspark is based, the majority of children 

fall behind early on, developing large learning gaps. +or example, by grade 

9 children are, on average, performing with a deǻcit of 4.� grades for maths. 

4ne study of a free after�school programme for students from public middle 

schools in Delhi that introduced 2indspark showed improvements of up to 

Tailored lessons and personalised healthcare 
can be better suited to meet individual needs.

Vision 3: Personalised systems

Five in a row! Well done!
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�8	 in mathematics assessment scores after just 4.� months Ƴ a much higher 

rate of improvement than from other comparable interventions.114 Currently, 

2indspark is expanding into state schools in Rajasthan, with much promise. 

Another carefully assessed edtech personalised learning innovation is 

onebillionƶs Ƹonecourseƹ, a modular course designed to teach basic skills via 

a tablet or mobile app.115 This model is being scaled further following an RCT 

in 2alawi that demonstrated its eǽciency on numeracy for children in grades 

one to three.116 The course was also shown to prevent a gender gap in reading 

and mathematics skills in ǻrst graders.117 Both of these interventions have taken 

the wider system into consideration, meaning that at least some common 

challenges aǺecting the feasibility for scaling to reach a wider population have 

been addressed. +or example, onebillion uses solar�powered tablets that are 

designed to ǻt with the local infrastructure, while its teachersƶ administrative tool 

allows the teacher to be continuously involved by tracking childrenƶs activity 

in real time and providing feedback. Similarly, in 0enya, individual electronic 

health records have been used to customise advice, alerting prescribing doctors 

to potentially dangerous interactions of medications.118 In many cases, these 

predictive models are based on simple statistical regressions or hard�coded 

decision rules, although machine�learning techniUues are starting to come 

onto the scene, increasing potential analytical power.119

The advantage of using digital technology to personalise learning 

and healthcare is that it helps address the problem of delivering a quality 

service at scale, but tailored to individual needs. It takes skill, training, and 

time for a doctor to develop a personalised treatment plan, or for a teacher to 

personally coach a student. In developing countries, there is often a scarcity 

of both competent providers and the funds to pay for them  this means that 

high�Uuality personal services are enjoyed only by the well oǺ. But thanks to 

falling computing costs and developments in data analysis, algorithms can 

use studentsƶ test scores and patientsƶ health records to design and implement 

personalised treatments at little cost. 4nce the technology has been conǻgured 

to local needs and curricula, the marginal costs of delivering the service to more 

people are very low. 2indspark estimates that once it has been scaled up for 

use in around 1,000 schools, the per�pupil costs will fall to �2 annually, much 

less than the current �22 monthly per�pupil spending in Delhiƶs state schools.120 

In short, at scale it could dramatically reduce the learning gap at a fraction of 

the cost of current per�pupil spending in schools. ;hile private tutors used to 

be the prerogative of the rich, a digital tutor that provides a personalised service 

may become more accessible for the poor. The scope of such personalised 

services, at least in the short term, is likely to be limited to basic functions. 

-owever, given the nature of problems in many developing countries, such 

services oǺer the prospect of progress in areas where there are currently serious 

gaps and for which resources for eǺective diagnosis are freUuently missing.

The realisation of this vision will depend on developing tools that can offer 

personalised services for everyone (not just for select groups), and finding 

inclusive and effective delivery models. In education, personalised, adaptive 

learning tools work best when tailored to a local curriculum and local needs.121 
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In health, personalised diagnosis tools have sometimes run into diǽculty in new 

hospitals and under diǺerent conditions, where data collection may be slightly 

altered from how it was originally implemented.122 +urther, algorithmsƶ decisions 

will depend on the Uuality and representativeness of the data, touching on issues 

of data governance, ownership, and fundamental ethical challenges (which we 

explore further in Chapter �). +inally, any implementation of these tools must 

recognise the constraints of the existing system to make sure frontline providers 

use these tools eǺectively. 2any teachers are concerned that personalised 

adaptive learning tools will place additional burdens on them. This concern has 

reduced the eǺectiveness of recent attempts to scale these tools.123 Ultimately, 

these advanced technologies will alter the roles of teachers and health workers.

4.4 Vision four: changing roles of teachers and 
health workers

Emerging technologies mean that in the systems of the future, there may 

be substantial changes in how education and health workers will do their jobs 

and the tasks they will perform.124 Digital technologies and machine learning 

will enable the simpliǻcation and automation of many routine tasks, such as data 

entry or regulatory compliance, relieving the considerable administrative burdens 

that can sometimes consume over half of the time of teaching and healthcare 

professionals.125 -owever, the impact of new technologies on the roles of frontline 

workers will inevitably go beyond streamlined administration: we expect much 

deeper shifts in the nature of their work. +or instance, as speech recognition and 

chatbots improve, they may automate more aspects of patient reception and 

triage, or a teacherƶs lesson plan could be scripted and digitally distributed.126

As fundamental tasks become more simplified and automated, the human 

touch and soft skills of frontline workers will become more central to their 

roles. The codiǻcation, automation, or augmentation of parts of frontline workersƶ 

roles will allow them to redirect their eǺorts towards more human�facing aspects 

of their jobs. Teachers will remain crucial to education and will continue to 

support studentsƶ learning, but where digital technologies put more sources 

of knowledge directly into the hands of pupils, teachers will have the capacity 

Service providers will perform fewer administrative tasks, 
and will focus on human-centred and specialised tasks.

Vision 4: Changing roles of workers
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to build upon other core strengths. StaǺ may be more able to help students 

to understand which Uuestions to ask, rather than to simply deliver answers 

or to rely on rote learning from a blackboard, and may then dedicate more 

of their eǺorts to developing studentsƶ socio�emotional and soft skills. In the 

health sphere, increases in automated triage or diagnosis will render the trust 

element of human tasks all the more important. +or example, empathy and 

trust Ƴ which patients still envision as central to medical care Ƴ will be an 

increasingly important element of a doctorƶs role.

Increased use of digital technologies will also require frontline workers to 

develop new technical skills, while at the same time other core skills – such 

as judgement, initiative, problem-solving, creativity and innovation – will 

become more important. ;hile socio�emotional skills will grow in importance, 

frontline workers will still reUuire specialised skill sets to excel in their jobs. 

-owever, the necessary technical skills will likely come to include understanding 

and operating the new technologies  stepping in when a learning system (see 

Section 4.1) encounters an extreme outlier, or when a student fundamentally 

misunderstands a concept on an e�learning platform. In these cases, the 

human provider in the system must exercise a greater degree of initiative 

and judgement, understanding the technological system and knowing when 

to override or intervene. Automated protocols, machine�learning decision 

algorithms, and treatment protocols will ultimately still need to be supplemented 

with Uualiǻed staǺ to make decisions when something unexpected happens. 

This is not a model of total automation, but rather a model in which humans 

and machines work together, bringing complementary features that extend 

each otherƶs impact. This is similar to how automation plays out across all sectors, 

from accounting oǽces to the factory Ǽoor: as technical or Ƹprocessƹ tasks are 

automated, the balance shifts towards more people�facing tasks.127 ;e even 

see this at the level of service delivery organisations, where digital technology 

is making it easier and cheaper to coach and train frontline providers.128 

-umans aided by machines can achieve more than either could do alone.129

Results will depend on how this change in roles and skills is handled. 

*ven if there was broad support for the use of artiǻcial intelligence in 

healthcare130 or education, this does not mean that the transition will be smooth, 

or that the re�envisioning of the role of the frontline worker will be successful. 

+rontline providers need to be included in the process of change to ensure their 

buy�in: their trust will be crucial for a successful implementation of this vision. 

Technology will support the delivery of best practice, rather than replace the 

practitioner, and the human touch will remain essential for the best outcomes.131
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4.5 Vision five: virtual systems – classrooms 
and clinics without walls

Advances in communication technology offer an unprecedented opportunity 

to bring down the walls of classrooms and clinics, providing quick and 

cost-effective expertise, even in remote areas that lack quality services. 

The model of teaching in a physical classroom to a group of children, or 

providing healthcare only using face�to�face contact, provided the only 

sensible model in an analogue world, but in the digital age, delivery of Uuality 

services no longer reUuires physical proximity. Improvements in communication 

technologies, which allow for much higher Uuality of images and sound, will 

change the relative costs of distance for eǺectiveness and eǽciency of service 

delivery. +or instance, a telehealth consultation is now almost as good as 

a face�to�face one, and this gap will only shrink as video�link or virtual�reality 

technology becomes better and cheaper.132 Digital technologies will be able 

to change both the allocation and organisation of services, making it cheaper 

to get services to the poorest and most remote populations, and changing 

the skills and infrastructure needed for a frontline worker.

In the health sector, digital communication technologies will be able 

to ensure that expertise is not bound by location. Technologies such as 

videoconferencing, augmented reality, and remote control of eUuipment will 

bridge the gap in Uuality of expert services between poor and rich areas, so that 

experts from central areas can be involved in and engaged with the teaching or 

treatment being delivered elsewhere. +or example, using an iPad and Proximie 

software, a specialist in Beirut conducted a remote surgery in ,a^a.133 2icrosoftƶs 

-oloLens technology promises to help specialists intervene remotely through 

a virtual environment Ƴ as was the case in a trial connecting surgeons in India 

and *ngland.134 4f course, these examples still reUuire the physical presence 

of a suitably trained person to perform the surgery or procedure, but the new 

technologies allow these frontline workers to tap into specialist knowledge, 

by collaborating with experts to deliver services that would have previously 

been impossible. The same model of connecting frontline workers to remote 

specialists is used in conducting teleophthalmology eye care camps in remote 

parts of India,135 oǺering remote diagnosis in -onduras,136 and helping primary 

care workers across �� countries provide best�practice care to patients with 

complex health conditions.137 Advances in telehealth are also allowing citi^ens to 

directly access specialist expertise, thus lowering ǻnancial and physical barriers. 

Communication technology will make 
health and education resources more 
widely accessible in remote areas.

Vision 5: Virtual systems

LIVE
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Chipatala Cha Pa +oni in 2alawi oǺers a call centre service for health advice, 

which has recently been scaled up to a national level. The serviceƶs trained staǺ 

members refer patients to health centres if reUuired, but ǻnd that �� percent of 

calls can be handled without referral.138 *merging evidence also suggests that 

remote or machine�based treatment can work as eǺectively as face�to�face 

interaction in situations in which one might expect in�person interaction to be 

crucial. +or example, in mental health, studies have found remote treatment to 

be particularly eǺective. A pilot study in Bra^il found treatment by video�link 

to be just as eǺective as face�to�face treatment for depressive symptoms.139 In 

China, Ƹ2y Trauma Recoveryƹ, an online self�help programme for post�traumatic 

stress disorder, has been shown to decrease PTSD (post�traumatic stress 

disorder) symptoms.140

In education, better communication technology already offers scope 

for high-quality education, even in the most remote areas. The sections 

above discussed how the role of the teacher will remain important despite 

the advance of personalised learning tools. ;hile the experience of being in 

a shared classroom with a Uuality teacher may continue to convey beneǻts 

beyond those possible via remote learning, early experiences suggest that 

online classrooms provide lower�cost opportunities to reach especially remote 

populations with more eǺective educational services than has been the case 

to date. In Bra^il, the 2edia Centre for education in the Ama^onas (or Centro 

de Mídias de Educação do Amazonas) provides distance learning targeted at 

remote Ama^onian communities, where the small number of pupils renders 

having specialised teachers for all subjects unaǺordable. The centre broadcasts 

live lessons from teachers in the studio to hundreds of schools, while generalist 

tutors work in schools on the ground to provide support to students. In 201�, 

the 2edia Centre broadcast to �0,000 students across �,000 communities, 

increasing progression to secondary school from ��	 to 8�	 between 200� 

and 2011, and reducing dropout rates by �0	.141 Combining the remote lecturer 

with a locally based tutoring teacher (who saw the lecture materials prior to 

the lesson) meant that the lessons were well adapted to the local context Ƴ 

apparently a key factor in its success.142 Plenty of mobile platforms, such as 

the well�known 0han Academy, provide lessons in a variety of subjects. ;hile 

these generally have been of limited utility to poor families in remote locations 

because they reUuire a child to have good�Uuality online connectivity, versions 

are being rolled out into less�connected areas via 0A Lite, an open�source 

software that mimics the online experience of 0han Academy for oǾine 

scenarios.143 4f course, the Ƹsupplyƹ of Uuality oǾine material is only one part 

of the eUuation  students in remote communities also have to take up and use 

these tools. As we saw in Section �.4, this is no small challenge, especially 

because such tools may be most eǺective with tutoring and parental support, 

making them less tailored to poor families.

Technology can fundamentally expand the level of access, even for the 

most remote and disconnected. 2any of the examples provided above rely 

on relatively high�bandwidth internet connections. But other solutions are also 

emerging to ensure that education and health can be delivered beyond the 
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four walls of a classroom or clinic. 2ultiple products are providing tutoring 

and learning services by S2S messaging, accessible to students without 

internet connections or smartphones.144 4ther tools, such as the BRC0 0io 0it 

or RAC-*L�Pi load a cache of educational content onto micro�servers that can 

be deployed in schools or village centres. This can give students access to 

sophisticated digital content (such as lectures, books, problem sets, videos, and 

even data�intensive programmes) in the absence of a ǻxed internet connection. 

At the most basic level, the widespread adoption of communication technologies 

is making it easier and cheaper for citi^ens to connect to their service providers 

(eg physicians have even used ;hatsApp to keep in touch with regular 

patients during a natural disaster, saving them from needing to visit the clinic, 

and keeping the clinic resources free for needier patients). Physical face�to�

face interaction will still be important for many things, but in this future vision, 

we expect that geography will one day cease to be a barrier to high�Uuality 

service delivery.
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Ahumu^a Bruno, 8, is 
checked for pneumonia 
using a butterǼy ultrasound 
scan � a probe connected 
to a mobile phone � 
in 0abale, Uganda.  
Photograph: l*sther 
Ruth 2baba^i/3ew York 
Times, 2019
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Chapter 5
Digital foundations and building 
blocks for data-driven systems

For digital solutions to work, countries should focus on getting the right 

foundations and building blocks in place. Digital technologies are not 

a panacea, but as outlined in Chapter �, once the core constraints have been 

identified, they can help resolve issues and they can help power reimagined 

systems. This chapter presents digital foundations and digital building blocks 

as a framework for thinking about the reUuirements that must be in place 

to truly harness the potential of digital solutions. The foundations represent 

technical necessities (eg electricity), while the building blocks represent the 

reUuired components to move towards the visions of the future we have outlined: 

data�driven systems that operate at scale. -ealth and education systems are full 

of innumerable small pilots that never move to large�scale impact  but with these 

building blocks in place, it will be possible to adaptively learn from experience, 

monitor interventions with consistent metrics, and set standardised procurement 

criteria. In short, these building blocks not only provide the technical framework 

for data�driven services, but they also provide the tools to support a systems 

approach and achieve better implementation at scale.

Looking beyond the foundations and building blocks discussed in this 

chapter, it is also important that countries have a broad ecosystem that 

supports innovation. +igure 4 below Ƴ adapting a framework from our previous 

report Charting Pathways to Inclusive Growth Ƴ describes the policy priorities 

necessary to ensure that technological change in health and education is 

eǺective and inclusive.145 The rest of this chapter describes the scaǺolding 

around which digital solutions can be built (the top set of +igure 4), but the actual 

process of building, testing, deploying, and scaling up new innovations reUuires 

more than this. A crucial priority for countries to beneǻt from technology is to 

ensure there is a broad environment that guides both the public sector and 

markets towards innovation Ƴ through access to ǻnance, balanced regulation 

for entrepreneurship, and well�crafted competition and procurement policies. 

This is just as true for health and education as it is for other areas of innovation.

Proactive effort is also required to ensure inclusion for poor and vulnerable 

groups, girls and women, or other groups often excluded from technological 

change; digital foundations and an innovative environment alone will not 

guarantee inclusion. As we argued in Chapters � and 4, new technologies 

oǺer opportunities for more inclusion, but this will reUuire proactive attention 

to ensure that progress is indeed inclusive. +or example, to bridge gender 

gaps, the digital architectures of any technological solutions need to reǼect 
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gender considerations from the outset. In the rest of this chapter, these digital 

foundations and building blocks are developed further.

Figure 4. A policy framework for health and education for all through 

digital technology

5.1 Foundations for deploying digital solutions

A country must have digital foundations in place – in terms of both the 

infrastructure and the human capability – before considering digital solutions; 

anything otherwise would be a failure to properly apply a systems approach. 

/ust as training for nurses will be less eǺective without a functioning drug 

supply, so too will an app�based solution be rendered less eǺective Ƴ or entirely 

ineǺective Ƴ without a functioning electricity supply or the rights skills to use it. 

Two core elements are needed for even the most basic digital product to work: 

digital infrastructure and human capability.

Figure 5. Basic foundations for digital services 
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The visions for the future, and technological examples above all assume that 

a country has the ability to move, compute and process information at scale. 

This requires digital infrastructure. But available data across seven developing 

countries showed that only half the population has access to cellular internet 

coverage, and fewer than 1�	 of people use the internet at all.146 In public systems, 

the situation is no better: in 2alawi, only 2	 of schools have computers.147 3ew 

innovations, such as mobile systems that can work oǾine with periodic syncing 

to a database, are springing up to deal with this reality.148 These new modes of 

operation may one day be able to completely substitute for Ƹtrueƹ access, but 

at present there is a signiǻcant divide and distinction between online and oǾine 

services. In addition to Ƹhardƹ infrastructure, it is also important to build Ƹsoftƹ 

digital infrastructure Ƴ data architectures and frameworks Ƴ to enable digital 

solutions.149 -ard and soft infrastructure would lay the technical foundations 

for the digital interventions discussed in this report. +inally, digital technologies 

all reUuire electricity Ƴ even the simplest, most stripped�back digital products 

function by pushing electrons around a circuit board. Any application will reUuire 

stable and accessible energy generation, and, indeed, this is a crucial component 

of a digital�ready system.

Policymakers and organisations must also consider the human element: 

there must be a foundational level of digital skills, capabilities, and acceptance 

for these solutions to work. 3ot every person needs to be a coder or software 

engineer, but in order for digital solutions to work, people need basic digital 

literacy to operate them.150 In many countries, only a small fraction of the adult 

population can perform basic digital tasks such as copying and pasting. (+or 

instance, fewer than �	 of the people in >imbabwe and Sudan have such skills, 

according to U3*SC4 analysis.).151 This is important not just for providers and 

citi^ens  there needs to be governmental and institutional capacity for making use 

of technology, too. Centralised digital tools to improve management are ineǺective 

without the right in�house expertise. -owever, innovations are lowering the barrier 

to entry, creating new ways for users to interact with digital services. Simple 

features such as a graphical interface to visualise management information, 

or automated data entry with a camera phone and 4CR (optical character 

recognition), can lower the reUuired level of technical expertise and expand 

the potential user base for a digital product.

It is crucial that both digital infrastructure and digital skills are developed for all, 

not only for the well off.152 *lectricity and internet access are most scarce in remote 

areas, often where the poorest live, further restricting their access to services, from 

information to mobile banking. *xisting business models for internet provision do 

not seem able to close this gap. It is not cost eǺective for network providers to reach 

rural and remote areas, and even where it may be technologically feasible, the 

pricing still excludes many potential users. And of course, the use of and familiarity 

with technology Ƴ as well as the *nglish language proǻciency that is often still 

reUuired to operate it Ƴ is split along familiar lines of disadvantage. 2arginalised 

people are the least likely to have access to technology, whether because of price 

or restrictive social norms and expectations. Again, some new innovations Ƴ such as 

building services to operate via S2S, rather than a smartphone app Ƴ can broaden 
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the potential reach of technological solutions. Despite these promising advances, 

a signiǻcant barrier to broad digital solutions remains. These issues risk being 

exacerbated if the right skills for the jobs of the future are not taught to the pupils 

of today. The diǽculty of building a foundation of basic digital skills and norms in 

a society should not be underestimated.

5.2 Building blocks for future digital systems

Data will be the fuel of future digital systems. The visions for the future 

presented in Chapter 4 all share one feature: the use of data and information 

as a tool to improve service delivery. They expand upon the current solutions 

presented previously in Chapters 2 and �, harnessing data to redesign the 

architecture of a service delivery system. In this section, we discuss four 

building blocks (see +igure �) reUuired as initial steps towards achieving these 

visions for the future, moving from governance to technical speciǻcations 

(eg data standards) and interoperability. Such building blocks provide the 

digital scaǺolding around which new technological solutions can be deployed Ƴ 

and more importantly, scaled up Ƴ to improve health and education.

Many actors across society can contribute to these building blocks, as 

examples of input from NGOs, technology experts, governments, 

entrepreneurs and citizen volunteers demonstrate. Nevertheless, government 

will likely have to play a crucial role. Central leadership can play a pivotal role 

in setting a direction and encouraging other parties to contribute. +or instance, 

establishing Aadhaar, the national digital ID system in India, indicated that all 

Indians should be registered in order to access government social services. This 

sent a powerful message that made subseUuent eǺorts to mobilise around 

education, health, and digitisation easier Ƴ largely because inclusivity had already 

become very much part of the design for the technologyƶs intended use.153

Figure 6. Building blocks for future health and education systems
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To begin with, system owners (and indeed, governments and society) 

should establish norms and rules around privacy, data protection, and data 

governance. Building blocks such as data standardisation, aggregation and 

system�level insights can bring great beneǻts, but policymakers and providers 

must remain aware of the highly sensitive nature of the data in Uuestion, such as 

a personƶs -I: diagnosis or educational history. Basic levels of anonymisation 

(eg encrypting a personƶs digital ID number) may not be suǽcient. Data 

aggregation that makes all other information available, including metadata, 

may inadvertently reveal a personƶs identity. +or example, it may be possible to 

identify a recipient of tuberculosis drugs based on geodata and timestamps. 

+or this reason, policymakers and system owners will need to develop more 

sophisticated systems to protect citi^ens and give them control of their data.154 

Promising developments are underway: the Indian government, for example, 

is developing an electronic consent framework to let citi^ens easily authorise any 

use of their records,155 and ,oogleƶs recently released TensorFlow Privacy enables 

a machine�learning algorithm to be trained on privacy�sensitive data in such 

a way that no sensitive information can be inferred from the algorithmƶs resultant 

outputs and decisions.156 It is worth noting that Ƴ even with these privacy, 

governance and citi^en�control developments Ƴ the Ƹfuture visionsƹ presented 

in this report reUuire an unprecedented centralisation of data about citi^ens. 

:arious developed countries around the world have considered and rejected 

such ideas.157 ;hile the potential upside is large, so is the potential for abuse. 

Citi^ens can justiǻably be cautious about such endeavours. The issue involves 

more than just privacy and data protection: policy is reUuired to determine what 

decisions can be made by automated systems, and what safeguards will prevent 

errors and misuse.158 Ultimately, policymakers will have to operate within the 

bounds of their social licence, weighing development beneǻts and societal risks.

Once the governance and social framework is agreed, data standards can 

help to ensure the quality and relevance of information – major factors in the 

extraction of valuable insights from large databases. People often speak about 

data as an amorphous product: a commodiǻed input where more is inherently 

better. (Indeed, we are sometimes guilty of this in this very report). But data is 

not a uniform, inǻnitely interchangeable input: without a structure or a logic to its 

storage, it will have no value beyond the speciǻc use for which it was collected.159 

Unfortunately, the stores of data across education and health systems are often 

unstructured (eg shorthand doctors notes). ;ithout some sort of structure 

or consistency, using such data for machine learning and other advanced 

technologies is diǽcult, if not impossible.160 Developing countries can, in theory, 

avoid these mistakes and deploy best�practice digital systems. -owever, there 

is little evidence that this is happening in practice. Currently, a proliferation 

of edtech apps and products is creating incompatible data silos, obscuring 

the visibility of system�level outcomes and eǺects. And while Indiaƶs District 

Information System for *ducation does collect data on almost 1,000 educational 

indicators, it contains no measures of learning outcomes, highlighting the 

importance of collecting useful data.161 In health, Botswana has nine diǺerent 

government�run e�health information systems. This may be useful for a hospital 

administrator with a uniUue management style, but it means that a given 
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hospitalƶs data will be irrelevant to the broader system. *ven if the data could be 

pooled together, a signiǻcant challenge would remain in meaningfully translating 

diverse, inconsistent, and unstructured information into useful insights.

The biggest barrier to successfully developing digital standards is not low 

digital capacity, but rather a lack of coordination. It would be possible for 

governments, either individually or collectively, to determine standardised 

health and education data schemes suitable for a wide range of uses. *ach 

product and service could adapt and build on these standards. By promulgating 

foundational data speciǻcations, governments can encourage high�Uuality 

data collection and storage methods that are relevant, machine�readable, 

and consistent from one service to the next. If the data from each edtech app, 

or the data from each health clinic, had the same structure and meaning, it 

would enable the development of the sorts of future visions described in this 

report. 0enyaƶs Clinical Information 3etwork set�up oǺers a basic example. The 

network used a digital platform to collect basic standardised information about 

hospital functions, and to promote its use in decision�making.162 Because the 

data standards and collection were consistent, this data then helped hospitals 

to negotiate better provision of essential supplies.163

Designing standards and establishing data requirements are crucially 

important for future visions, particularly for those involving machine learning. 

2achine learning algorithms can easily extrapolate bias in data: for instance, 

when biases around race or sex have inǼuenced clinical decisions, an algorithm 

will perpetuate those past decisions.164 Apart from being free from bias, datasets 

must also be broadly representative, particularly to ensure that any decisions 

or interventions reǼect the needs of marginalised groups and women. An 

educational product designed on the basis of data about boys may entirely fail to 

help girls.165 And, in some cases, data collection will reUuire global coordination: 

genetic precision medicine tools have largely been developed using D3A 

from people of *uropean descent, and the resultant tools are less accurate 

for people of African descent.166 +inally, it matters for whom data is compiled 

and collated. 2any databases of standardised metrics are compiled with little 

thought as to how the data itself can improve outcomes. Decisions about how 

to collect data and what data to collect are often made to meet the accounting 

and monitoring needs of donors and 3,4s, whose needs do not always align 

with the those of policymakers, headmasters or clinicians. Indeed, education 

management information systems (*2IS) have been promoted for decades 

with little success, largely because they are often developed in silos, as side 

projects to track donor indicators (the few positive examples involve relatively 

radical design processes to ensure the tool is useful for the people and providers 

in the system).167 Likewise, electronic health records (*-R), established to help 

optimise hospital ǻnancial management, generated considerable backlash from 

physicians because the records were not designed to support clinical tasks.168 

The end users should have input into and help to co�design the way Ƴ and for 

what purpose Ƴ data is collected, compiled and presented.169
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Once data standards are set, “digital plumbing” must be built to aggregate 

and capture health and education data and to direct it to where it needs to 

go. *very time a person interacts with a digital service, many pieces of new 

information will be generated (even if it is just a record of each button press 

in an app), creating what is termed Ƹdigital exhaustƹ. The ǻrst building block 

will help make this information standardised and consistent, but the data must 

still be aggregated and put to use for decision�making, feedback loops, and 

bottom�up accountability.170 +or example, in 0enya, schoolchildrenƶs academic 

performance is often at levels more than two years lower than their grade 

would suggest. To address this, Tusomeƶs package, which includes digitised 

teaching materials and a tablet�enabled teacher�feedback system, has been 

shown to boost learning performance. +indings suggest that, if used eǺectively 

at national scale, programmes such as Tusome can close the learning gap in 

early grades for under �1�0 per child.171 But while the data could theoretically 

help understand broad determinants of learning outcomes, in practice, it is 

only used for monitoring the programme.172 In India, the *kStep +oundation, 

the government, and the ,lobal Innovation +und, among others, are working to 

embed integrated data collection into new educational technology products 

procured via the government, creating shared digital infrastructure to aggregate 

across the system.173 In health, there are solutions as simple and low tech as 

paper checklists for physicians. Developed by a 0enyan startup, these checklists 

are machine�readable: an image uploaded from any camera phone can be 

encoded into a clinical database.174 This turns marks on a checklist, the by�

product of a doctorƶs consultation, into a set of data points that a machine can 

interpret. Likewise, the careful data collection processes embedded in mTrac 

in Uganda, and in S2S for Life in 0enya and Tan^ania, have delivered a positive 

impact on drug supply chain management and disease�burden monitoring 

in these countries.175 Simple and automated digital plumbing can avoid such 

problems as those that arose in a maternal and child health�tracking scheme 

in Rajasthan and Uttar Pradesh, which relied on overburdened workers for 

data entry, resulting in many incomplete citi^en proǻles.176

Many of the future visions require the connection of digital products and 

services. To spur innovation, microservices, APIs (application programming 

interfaces), civic digital infrastructure, and other forms of interoperability 

will be crucial. 4ur ǻrst two digital building blocks describe the collection 

and central processing of standardised data. But the visions of future service 

delivery we outline in this report also reUuire a broad ecosystem of information 

and microservices.177 Basic fundamentals include the likes of citi^en digital 

identiǻcation, digital payments, and messaging Ƴ three microservices that 

are crucial to facilitating many interactions. 2any developing countries are 

at a comparative disadvantage in terms of the provision of basic digital 

microservices that can be used to power future digital services. +or example, 

the tech community in *ast Africa is suǺering from a lack of simple tools 

such as text recognition, address and location ,IS (geographic information 

system) mapping, and natural language processing.178 The global community 

is starting to respond, but it is still early days: as this report was going to 
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print, the International Telecommunication Union (ITU) and the Digital Impact 

Alliance published a comprehensive digital investment framework, which 

sets out 2� microservices as priorities to mobilise governments, entrepreneurs, 

philanthropies and aid agencies.179

Beyond these basic tools, governments should be encouraging 

interoperability (the ability of computer systems and software to 

communicate, exchange, and make use of information) and building 

this capacity into their own systems.180 +or example, if a provider is oǺering 

remote tutoring, there should be a mechanism by which the student can 

authorise the providerƶs access to his or her learning record. If a health 3,4 

is delivering treatment in a region, it should be able to tap into the latest insights 

and recommendations generated by the regional governmentƶs learning health 

system. These hypothetical examples are not trivial: they reUuire the development 

of radical new interoperability frameworks and APIs at a technical level, and 

authorisation protocols to ensure that users can control who accesses their data. 

Countries such as *stonia and India seem to be leading the way in developing 

national�scale data structures with both interoperability and citi^en control as 

core features.181 4ther locations could follow these examples if they put the 

right digital foundations, governance and relevant building blocks in place.



62 — Positive disruption: health and education in a digital age

Twelve�year�old Lakshita 
uses 2indspark, an 
online education tool. 
Udaipur, Rajasthan, India. 
Photograph: Ishan Tankha, 
Pathways for Prosperity 
Commission, 2018.
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Chapter 6
Conclusions

The evidence shows that there are many opportunities to transform health 

and education services in developing countries. Digital technologies oǺer 

scope not just to change and improve services at the point of delivery, but 

also to fundamentally rethink the inner workings of a system. As the current 

examples and future visions in this report demonstrate, there is scope not just 

to improve outcomes for people, but to deliver health and education outcomes 

more eǽciently, likely at a lower cost, and with better ways to reach the poor 

and marginalised. Technology can contribute to systems at scale that are 

more eǺective, eǽcient, and eUuitable.

Successful outcomes via data-driven technologies are not guaranteed. 

However, uncertainty itself is not a reason to delay. 2any of the examples in 

this report relate to recent attempts towards innovation whose success remains 

to be proven. Those with careful evaluations are typically no more than pilot 

studies, at a relatively small scale.182 And, in most developing countries, the 

challenges of the existing health and education systems are extensive. -owever, 

this does not mean that trying to scale digital technologies is premature, or that 

introducing new solutions should be delayed until other problems are resolved. 

Success in adoption will depend on the people and culture of the system as 

a whole: the various actors, connections among these actors, organisational 

norms, and local and national political contexts. 3evertheless, we maintain that 

digital technologies, applied carefully, can oǺer ways to challenge the status Uuo. 

These might include, for example, using digital payrolls to stymie corruption, 

creating feedback systems to boost motivation and thereby tackle absenteeism, 

and implementing data systems to create incentives for more transparency in 

decision�making. Beginning such processes can also spur eǺorts to redesign 

systems in line with the visions described in Chapter 4.

The next step is to start using digital technologies to deliver at scale. 

This is a critical moment. If done poorly, this digital transition will entail high 

costs, exacerbate failings in existing systems, entrench ineUualities, and serve 

as a distraction for policymakers. If done carefully, the use of digital technologies 

could be a force of positive disruption towards more eǺective, eǽcient and 

eUuitable systems. Below, we list four principles that can help everyone Ƴ citi^ens, 

workers, policymakers, funders and entrepreneurs Ƴ harness the opportunities of 

the digital age for better health and education, and avoid some of the previously 

experienced pitfalls of inappropriate adoption and poor implementation of 

technological innovations at scale.
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Four guiding principles

Blueprint for health and 
education in a digital age
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1. Deploy technology only when it offers an appropriate and cost-effective 

solution to an actual problem. Policymakers and funders should invest 

time and eǺort in identifying the speciǻc problems holding back their 

health and education systems. This needs to be followed by a clear�eyed 

judgement as to whether a technological solution is the best option. 

Precautionary principles may be wise, as when done wrong, technology 

can lead to unforeseen negative outcomes. 

Policymakers should evaluate potential gains from new technology 

with scepticism  consider improving existing approaches  evaluate their 

impact and cost, and assess potential solutions before committing to 

them at scale. System managers should be conǻdent that an intervention 

will work in their local, regional, and national contexts. A new tool may 

deliver success inside a small 3,4 of skilled and committed staǺ, but it 

may never be implemented in the wider world, or fail to adapt to the local 

political or organisational culture, and hence fall Ǽat upon national roll�out. 

Therefore, both a commitment to scale and ongoing monitoring and 

learning will be reUuired. Digital and digitally enabled technologies oǺer 

signiǻcant potential to transform systems, but their proponents must 

be critical friends, not faithful adherents.
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2. Focus on the content, data sharing, and system-wide connections 

enabled by digital technology, not exclusively on hardware. All too 

often, when policymakers look to deploy technological solutions to health 

and education, the focus is on procuring pieces of hardware. 4f course, 

in the examples shown in this report, hardware was used Ƴ from mobile 

phones to advanced computers Ƴ but the real beneǻts come from 

using technology to create connections between people in the system 

(especially citi^ens), and Ǽows of data. +or these purposes, software and 

digital architecture are absolutely critical, but are often underrated by 

decision�makers, and are thus poorly procured. And, of course, content 

and connections determine who will use and beneǻt from new hardware. 

Digital solutions will only have impact if they are used by everyone � 

frontline workers, citi^ens, and oǽcials. This means that people must 

have access to the right inclusive digital foundations (infrastructure and 

skills), and that software and digital components must be crafted to serve 

the end users. The design process should therefore include their input, 

and an appreciation and anticipation of their needs.

�. Invest in digital building blocks, not just the bulk collection of raw 

data, in order to move towards the systems of the future. Good data 

can inform decision�making, fuel active feedback loops in a learning 

system, and oǺer personalised services. Indeed, high�Uuality data will 
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have applications beyond its immediate use: it is a system�wide resource. 

Data generally works best at scale, demanding coordinated decision 

architectures. ;e suggest a strong focus on the building blocks for future 

digital architectures such as standardised metrics, system�wide Ƹdigital 

plumbingƹ, microservices and APIs, rules of engagement, protections 

and safeguards. -aving these building blocks in place will enable 

systems and system managers to get the most out of their data.

4. Ensure the technology genuinely works for all by making deliberate, 

explicit efforts to engage with and build solutions for people who 

are typically left behind. ;hen conducting pilots, a focus on easy�to�

reach groups, (such as the urban or middle�class population) could at 

times be defended, for example, to oǺer a proof of concept or collect 

evidence on possible impact. -owever, in general, this strategy has risks: 

the ǻndings may be biased towards more privileged populations, or the 

proposed solutions may not realistically be accessible or aǺordable to 

the poor. If technology only confers beneǻts upon part of the population, 

it will exacerbate existing ineUualities. Inclusiveness should therefore be 

a cornerstone of any deliberate design to strengthen health and education 

systems with technology, including explicit attempts to understand the 

speciǻc wants, needs and priorities of marginalised communities. 3ew 

technological solutions should be designed to scale to reach all citi^ens, 

not just those with higher incomes who enjoy a personal computer, 

*nglish literacy, and high�speed internet access. Indeed, as we have seen, 

digital technology Ƴ when deployed well Ƴ can help bring down some 

barriers to inclusion, through measures as simple as an S2S reminder 

of a healthcare appointment, or a video series that challenges gender 

norms about education. *ven for these interventions, however, a continued 

focus on broadening access to existing technologies, such as electricity 

and cellular coverage, is essential. If delivered well, the digital futures 

described in this report can bring hope for inclusion. A combination of 

data standards, digital IDs, and system�wide Ƹdigital plumbingƹ could help 

to identify and target those missing out, and monitoring and reporting 

systems are already helping citi^ens to hold providers accountable.
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The time is ripe to plan for scale, to bring digital technologies into 

health and education systems. This report highlights the opportunities 

to use these technologies in new visions of data�driven service delivery 

systems in which teachers and health workers will be better supported  

in which decision�making, management and feedback systems are 

vastly improved at all levels  and in which those currently underserved 

in classrooms and clinics can receive better, more personalised 

services. To achieve this, governments should create the reUuired digital 

foundations and building blocks, guide the public and private sectors 

towards innovation, and ensure that health and ensure that health and 

education are inclusive. By deploying new tools, and by following the 

principles outlined in this report, developing countries can enhance the 

functioning of their health and education systems. They should critically 

monitor progress in terms of scale, impact and cost. If done carefully and 

judiciously, positive disruption is possible, and digital services will bring 

developing countries closer to oǺering better health and education for all.



69 — References

References

Abdul�-amid, -. (201�). Data for learning: Building a smart education data system. 

;ashington DC: The ;orld Bank ,roup, pp.2��Ƴ2�4.

Abrash, 2. (2019). Inside Facebook Reality Labs: A new blog series from Oculus 

and Facebook. 4culus Blog. Available at: www.oculus.com/blog/inside�

facebook�reality�labs�a�new�blog�series�from�oculus�and�facebook/

Ackers, L., Ioannou, *. and Ackers�/ohnson, /. (201�). The impact of delays on 

maternal and neonatal outcomes in Ugandan public health facilities: The role 

of absenteeism. Health Policy and Planning, �1(9), pp.11�2Ƴ11�1.

Aiyar, Y., Dongre, A. and Davis, :. (201�). Education reforms, bureaucracy and the 

puzzles of implementation: A case study from Bihar. London: International ,rowth 

Centre ;orking Paper.

Al�Samarrai, S., Cerdan�Infantes, P. and Lehe, /.D. (2019). Mobilizing resources for 

education and improving spending effectiveness: Establishing realistic benchmarks 

based on past trends. ;orld Bank Policy Research ;orking Paper: 8���. 

;ashington DC: The ;orld Bank ,roup.

Al�Samarrai, S., Shrestha, U., -asan, A., 3akajima, 3., Santoso, S. and ;ijoyo, ;. 

(201�). Introducing a performance-based school grant in Jakarta: What do we know 

about its impact after two years?. ;orld Bank Policy Research ;orking Paper: 

822�. ;ashington DC: The ;orld Bank ,roup.

Al�Samarrai, S., Shrestha, U., -asan, A., 3akajima, 3., Santoso, S. and ;ijoyo, ;. 

(2018). Introducing a performance�based component into /akartaƶs school grants: 

;hat do we know about its impact after three years$. Economics of Education 

Review, 67, pp.110Ƴ1��.

Amou^ou, A., -a^el, *., Shaw, B., 2iller, 3.P., Tafesse, 2., 2ekonnen, Y., 

2oulton, L.-., Bryce, /. and Black, R.*. (201�a). *Ǻects of the integrated 

community case management of childhood illness strategy on child 

mortality in *thiopia: a cluster randomi^ed trial. The American Journal 

of Tropical Medicine and Hygiene, 94(�), pp.�9�Ƴ�04.

Amou^ou, A., 0anyuka, 2., -a^el, *., -eidkamp, R., 2arsh, A., 2leme, T., 

2unthali, S., Park, L., Banda, B., 2oulton, L.-. and Black, R.*. (201�b). Independent 

evaluation of the integrated community case management of childhood illness 

strategy in 2alawi using a national evaluation platform design. The American 

Journal of Tropical Medicine and Hygiene, 94(�), pp.��4Ƴ�8�.

https://elibrary.worldbank.org/doi/abs/10.1596/978-1-4648-1099-2_ch9.
https://elibrary.worldbank.org/doi/abs/10.1596/978-1-4648-1099-2_ch9.
https://www.oculus.com/blog/inside-facebook-reality-labs-a-new-blog-series-from-oculus-and-facebook/
https://www.oculus.com/blog/inside-facebook-reality-labs-a-new-blog-series-from-oculus-and-facebook/
https://academic.oup.com/heapol/article/31/9/1152/2452980
https://academic.oup.com/heapol/article/31/9/1152/2452980
https://academic.oup.com/heapol/article/31/9/1152/2452980
https://www.theigc.org/wp-content/uploads/2015/11/Aiyar-et-al-2015-Working-paper.pdf
https://www.theigc.org/wp-content/uploads/2015/11/Aiyar-et-al-2015-Working-paper.pdf
http://documents.worldbank.org/curated/en/244151552329948414/pdf/WPS8773.pdf
http://documents.worldbank.org/curated/en/244151552329948414/pdf/WPS8773.pdf
http://documents.worldbank.org/curated/en/244151552329948414/pdf/WPS8773.pdf
http://documents.worldbank.org/curated/en/826471508762577145/pdf/WPS8223.pdf
http://documents.worldbank.org/curated/en/826471508762577145/pdf/WPS8223.pdf
https://econpapers.repec.org/article/eeeecoedu/v_3a67_3ay_3a2018_3ai_3ac_3ap_3a110-136.htm
https://econpapers.repec.org/article/eeeecoedu/v_3a67_3ay_3a2018_3ai_3ac_3ap_3a110-136.htm
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0586?ijkey=fe55b9ba5fdc16584f0afa44af17e13053a6940e&keytype2=tf_ipsecsha#abstract_content
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0586?ijkey=fe55b9ba5fdc16584f0afa44af17e13053a6940e&keytype2=tf_ipsecsha#abstract_content
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0586?ijkey=fe55b9ba5fdc16584f0afa44af17e13053a6940e&keytype2=tf_ipsecsha#abstract_content
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0584
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0584
http://www.ajtmh.org/content/journals/10.4269/ajtmh.15-0584


70 — Positive disruption: health and education in a digital age

Andreoni, /., Callen, 2., 0han, Y., /aǺar, 0. and Sprenger, C. (2018). Using 

preference estimates to customize incentives: An application to polio vaccination 

drives in Pakistan. 3ational Bureau of *conomic Research (3B*R) ;orking Paper: 

3o. 22019. Cambridge 2A: 3B*R.

Andrews, 2., Pritchett, L. and ;oolcock, 2. (201�). Building state capability: 

Evidence, analysis, action. 4xford: 4xford University Press.

Angrist, 3., Djankov, S., ,oldberg, P. and Patrinos, -. (2019a). Measuring human 

capital. ;orld Bank Policy Research ;orking Paper: 8�42. ;ashington DC: 

The ;orld Bank ,roup.

Angrist, 3., *vans, D., +ilmer, D., ,lennerster, R., Rogers, -. and Sabarwal, S. 

(2019b). A New Micro Measure for Education Interventions: Learning-Adjusted 

Years of Schooling (LAYS). Draft. 

Arndt, B.,., Beasley, /.;., ;atkinson, 2.D., Temte, /.L., Tuan, ;./., Sinsky, C.A. 

and ,ilchrist, :./. (201�). Tethered to the *-R: primary care physician workload 

assessment using *-R event log data and time�motion observations. The Annals 

of Family Medicine, 15(�), pp.419Ƴ42�.

Arney, D., Senges, 2., ,erke, S., Canca, C., -aaber Ihle, L., 0aiser, 3., 

0akarmath, S., 0upke, A., ,aeele, ,., Lynch, S. and 2elende^, L. (2019). A user-

focused transdisciplinary research agenda for AI-enabled health tech governance. 

AI�-ealth ;orking ,roup ;orking Paper. Cambridge 2A: Berkman 0lein Center 

for Internet and Society at -arvard University.

Assefa, Y., Tesfaye, D., Damme, ;. and -ill, P. (2018). *Ǻectiveness and 

sustainability of a diagonal investment approach to strengthen the primary 

health�care system in *thiopia. The Lancet, �92(101��), pp.14��Ƴ1481.

Babylon (2019). Babylon Health. www.babylonhealth.com/

Bai, Y., 2o, D., >hang, L., Boswell, 2. and Ro^elle, S. (201�). The impact of 

integrating ICT with teaching: *vidence from a randomi^ed controlled trial 

in rural schools in China. Computers & Education, 9�, pp.1Ƴ14.

Banerjee, A., DuǼo, *. and ,lennerster, R. (2008). Putting a band�aid on a corpse: 

Incentives for nurses in the Indian public health care system. Journal of the 

European Economic Association, �(2Ƴ�), pp.48�Ƴ�00.

Banerjee, A., La +errara, *. and 4ro^co, :. (2018). The entertaining way to 

behavioral change: Fighting HIV with MTV. 2assachusetts Institute of Technology 

(2IT) Poverty Action Lab ;orking Paper. 2assachusetts: 2IT.

Banga, 0. and te :elde, D.;. (2018). Skill needs for the future. Pathways for 

Prosperity Commission Background Paper Series: no. 10. 4xford, U0: Pathways 

for Prosperity Commission.

https://www.nber.org/papers/w22019
https://www.nber.org/papers/w22019
https://www.nber.org/papers/w22019
http://bsc.cid.harvard.edu/files/bsc/files/bsc_book.pdf
http://bsc.cid.harvard.edu/files/bsc/files/bsc_book.pdf
https://openknowledge.worldbank.org/handle/10986/31280
https://openknowledge.worldbank.org/handle/10986/31280
https://www.ncbi.nlm.nih.gov/pubmed/28893811
https://www.ncbi.nlm.nih.gov/pubmed/28893811
https://cyber.harvard.edu/story/2019-02/user-focused-transdisciplinary-research-agenda-ai-enabled-health-tech-governance
https://cyber.harvard.edu/story/2019-02/user-focused-transdisciplinary-research-agenda-ai-enabled-health-tech-governance
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32215-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32215-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)32215-3/fulltext
http://www.babylonhealth.com/
https://dl.acm.org/citation.cfm?id=2906664
https://dl.acm.org/citation.cfm?id=2906664
https://dl.acm.org/citation.cfm?id=2906664
https://academic.oup.com/jeea/article/6/2-3/487/2295851
https://academic.oup.com/jeea/article/6/2-3/487/2295851
https://www.povertyactionlab.org/sites/default/files/publications/BanerjeeLaFerraraOrozco_aug2018.pdf
https://www.povertyactionlab.org/sites/default/files/publications/BanerjeeLaFerraraOrozco_aug2018.pdf
https://pathwayscommission.bsg.ox.ac.uk/background-papers


71 — References

Barau, I., >ubairu, 2., 2wan^a, 2. and Seaman, :. (2014). Improving polio 

vaccination coverage in 3igeria through the use of geographic information 

system technology. The Journal of Infectious Diseases, 210(supplC1), pp.S102�S110.

Barboni, ,., +ield, *., Pande, R., Rigol, 3., Schaner, S. and Troyer 2oore, C. 

(2018). A tough call: Understanding barriers to and impacts of women’s mobile 

phone adoption in India. Cambridge, 2A: *vidence for Policy Design, -arvard 

0ennedy School.

Barrington, /., ;ereko�Brobby, 4., ;ard, P., 2wafongo, ;. and 0ungulwe, S. 

(2010). S2S for life: a pilot project to improve anti�malarial drug supply 

management in rural Tan^ania using standard technology. Malaria Journal, 9(1).

Bentley, A., Callier, S. and Rotimi, C. (2019). The emergence of genomic research 

in Africa and new frameworks for eUuity in biomedical research. Ethnicity 

& Disease, 29(Suppl 1), pp.1�9Ƴ18�.

Bietenbeck, /., Piopiunik, 2. and ;iederhold, S. (2018). Africaƶs skill tragedy: Does 

teachersƶ lack of knowledge lead to low student performance$ Journal of Human 

Resources, ��(�), pp.���Ƴ��8.

Birdsall, 3., Bruns, B. and 2adan, /. (201�). Learning data for better policy: A global 

agenda. Center for ,lobal Development Policy Paper. ;ashington DC: Center for 

,lobal Development.

BLU*S6UAR*. (2019). BLUESQUARE. https://bluesUuarehub.com/

Bold, T., +ilmer, D., 2olina, *. and Svensson, /. (2018). The lost human capital: 

Teacher knowledge and student learning in Africa. Centre for *conomic Policy 

Research Discussion Paper: 129��. London: C*PR.

Bollinger, R.C., 2c0en^ie�;hite, /. and ,upta, A. (2011). Building a global health 

education network for clinical care and research. The beneǻts and challenges 

of distance learning tools. Lessons learned from the -opkins Center for Clinical 

,lobal -ealth *ducation. Infectious Disease Clinics, 25(2), pp.�8�Ƴ�98.

ButterǼy (2019). Buttefly iQ. www.butterǼynetwork.com/

Callaway, *. (201�). Improved diagnostics fail to halt the rise of tuberculosis. 

Nature, ��1(��81), pp.424Ƴ42�.

Central SUuare +oundation (2018). Central Square Foundation. 

www.centralsUuarefoundation.org

Centre for *ducation Innovations (2018). VISHWAS-Visiting information of schools 

handled with attendance system. Available at: https://educationinnovations.org/

program/vishwas�visiting�information�schools�handled�attendance�system

https://www.ncbi.nlm.nih.gov/pubmed/25316823
https://www.ncbi.nlm.nih.gov/pubmed/25316823
https://www.ncbi.nlm.nih.gov/pubmed/25316823
https://wappp.hks.harvard.edu/publications/tough-call-understanding-barriers-and-impacts-womens-mobile-phone-adoption-india
https://wappp.hks.harvard.edu/publications/tough-call-understanding-barriers-and-impacts-womens-mobile-phone-adoption-india
https://www.ncbi.nlm.nih.gov/pubmed/20979633
https://www.ncbi.nlm.nih.gov/pubmed/20979633
https://www.ethndis.org/edonline/index.php/ethndis/article/view/1059/1480#b17
https://www.ethndis.org/edonline/index.php/ethndis/article/view/1059/1480#b17
http://jhr.uwpress.org/content/early/2017/04/18/jhr.53.3.0616-8002R1.abstract
http://jhr.uwpress.org/content/early/2017/04/18/jhr.53.3.0616-8002R1.abstract
http://www.cgdev.org/sites/default/files/learning-data-better-policy.pdf
http://www.cgdev.org/sites/default/files/learning-data-better-policy.pdf
https://bluesquarehub.com/
https://ideas.repec.org/p/cpr/ceprdp/12956.html
https://ideas.repec.org/p/cpr/ceprdp/12956.html
https://www.butterflynetwork.com/
https://www.nature.com/news/improved-diagnostics-fail-to-halt-the-rise-of-tuberculosis-1.23000
http://www.centralsquarefoundation.org
https://educationinnovations.org/program/vishwas-visiting-information-schools-handled-attendance-system
https://educationinnovations.org/program/vishwas-visiting-information-schools-handled-attendance-system


72 — Positive disruption: health and education in a digital age

Chaudhury, 3., -ammer, /., 0remer, 2., 2uralidharan, 0. and Rogers, +. (200�). 

2issing in action: teacher and health worker absence in developing countries. 

Journal of Economic Perspectives, 20(1), pp.91Ƴ11�.

Criado�Pere^, C. (2019). Invisible women. London, Chatto � ;indus.

Cristia, /., Ibarrar«n, P., Cueto, S., Santiago, A. and Sever¸n, *. (201�). Technology 

and child development: *vidence from the one laptop per child program. 

American Economic Journal: Applied Economics, 9(�), pp.29�Ƴ�20.

Cru^, P., ,oulart, +., 0wauk, C. and Robinson, /.P. (201�). Innovating with distance 

learning in Amazonas, Brazil. ;ashington DC: Center for Universal *ducation at 

The Brookings Institution.

Cvitkovic, 2. (2018). Some reUuests for machine learning research from the 

*ast African tech scene. Computing Research Repository (CoRR), abs/1810.11383.

De +auw, /., Ledsam, /.R., Romera�Paredes, B., 3ikolov, S., Tomasev, 3., 

Blackwell, S., Askham, -., ,lorot, <., 4ƶDonoghue, B., :isentin, D. and :an Den 

Driessche, ,., et al. (2018). Clinically applicable deep learning for diagnosis 

and referral in retinal disease. Nature Medicine, 24(9), 1�42.

De 2elo, ,., 2achado, A. and 2iranda, A. (2014). The impact of a One Laptop 

per Child Program on learning: Evidence from Uruguay. Institute for the Study 

of Labour (I>A) Discussion Paper Series: 3o. 8489. Bonn: I>A.

De Ree, /., 2uralidharan, 0., Pradhan, 2. and Rogers, -. (201�). Double for 

nothing$ *xperimental evidence on an unconditional teacher salary increase 

in Indonesia. The Quarterly Journal of Economics, 1��(2), pp.99�Ƴ10�9.

DeRen^i, B., Lesh, 3., Parikh, T., Sims, C., 2aokla, ;., Chemba, 2., -amisi, Y., 

Schellenberg, D., 2itchell, 2. and Borriello, ,. (2008). *�I2CI: improving pediatric 

health care in low�income countries. Proceedings of the Special Interest Group on 

Computer-Human Interaction (SIGCHI) Conference on Human Factors in Computing 

Systems, pp.���Ƴ��2.

DeRen^i, B., +indlater, L., Payne, /., Birnbaum, B., 2angilima, /., Parikh, T., 

Borriello, ,. and Lesh, 3. (2012). Improving community health worker 

performance through automated S2S. In Proceedings of the Fifth International 

Conference on Information and Communication Technologies and Development 

(pp. 2�Ƴ�4). 3ew York: Association for Computing 2achinery (AC2).

DeRen^i, B., Dell, 3., ;acksman, /., Lee, S. and Lesh, 3. (201�). Supporting 

community health workers in India through voice�and web�based feedback. 

In Proceedings of the 2017 CHI Conference on Human Factors in Computing 

Systems (pp. 2��0Ƴ2�81). 3ew York: Association for Computing 2achinery (AC2).

https://www.aeaweb.org/articles?id=10.1257/089533006776526058
https://www.aeaweb.org/articles?id=10.1257/app.20150385
https://www.aeaweb.org/articles?id=10.1257/app.20150385
https://www.brookings.edu/wp-content/uploads/2016/07/FINAL-Media-Center-Case-Study.pdf
https://www.brookings.edu/wp-content/uploads/2016/07/FINAL-Media-Center-Case-Study.pdf
https://arxiv.org/abs/1810.11383.pdf
https://arxiv.org/abs/1810.11383.pdf
https://www.nature.com/articles/s41591-018-0107-6
https://www.nature.com/articles/s41591-018-0107-6
http://ftp.iza.org/dp8489.pdf
http://ftp.iza.org/dp8489.pdf
https://academic.oup.com/qje/article/133/2/993/4622956
https://academic.oup.com/qje/article/133/2/993/4622956
https://academic.oup.com/qje/article/133/2/993/4622956
https://dl.acm.org/citation.cfm?id=1357174
https://dl.acm.org/citation.cfm?id=1357174
https://dl.acm.org/citation.cfm?id=2160677
https://dl.acm.org/citation.cfm?id=2160677
https://dl.acm.org/citation.cfm?id=3025514
https://dl.acm.org/citation.cfm?id=3025514


73 — References

District Information System for *ducation (2018). District Report Cards. U-DISE. 

Available at: http://udise.in/drc.htm

DuǼo, *., -anna, R. and Ryan, S. (2012). Incentives work: ,etting teachers 

to come to school. American Economic Review, 102(4), pp.1241Ƴ12�8.

*ast, S. (201�). Doctor uses iPad to conduct remote surgery in Gaza. C33. 

Available at: https://edition.cnn.com/201�/0�/24/health/telesurgery�proximie�

beirut�ga^a/index.html

*nglish, 2., Irimu, ,., Agweyu, A., ,athara, D., 4liwa, /., Ayieko, P., ;ere, +., 

Paton, C., Tunis, S. and +orrest, C. (201�). Building learning health systems to 

accelerate research and improve outcomes of clinical care in low Ƴ and middle�

income countries. PLOS Medicine, 1�(4), p.e1001991.

*nglish, 2., 2waniki, P., /ulius, T., Chepkirui, 2., ,athara, D., 4uma, P., 

Cherutich, P., 4kiro, *. and Snow, R. (2018). -ospital mortality Ƴ a neglected 

but rich source of information supporting the transition to higher Uuality 

health systems in low and middle income countries. BMC Medicine, 1�(1).

+abian, C. (2018). Un�chained: *xperiments and learnings in Crypto at U3IC*+. 

Innovations: Technology, Governance, Globalization, 12(1Ƴ2), pp.�0Ƴ4�.

+ancsali, S. *., >heng, ,., Tan, Y., Ritter, S., Berman, S. R. and ,alyardt, A. (2018). 

Using embedded formative assessment to predict state summative test scores. 

In Proceedings of the 8th International Conference on Learning Analytics and 

Knowledge (pp. 1�1Ƴ1�0). 3ew York: Association for Computing 2achinery (AC2).

+inan, +., 4lken, B. and Pande, R. (201�). Chapter � Ƴ The personnel economics 

of the developing state. In A. Banerjee and *. DuǼo, ed., Handbook of Economic 

Field Experiments, Volume 2. Amsterdam: *lsevier, pp.4��Ƴ�14.

+inlayson, 0. and Downe, S.(201�). ;hy do women not use antenatal services 

in low� and middle�income countries$ A meta�synthesis of Uualitative studies. 

PLOS Medicine, 10(1), /anuary 201�.

+inlayson, S., 0ohane, I. and Beam, A. (2018). Adversarial attacks against medical 

deep learning systems. Computing Research Repository (CoRR), abs/1804.05296.

+it^simons, *., 2alde, B., 2esnard, A. and :era�-ern«nde^, 2. (201�). 3utrition, 

information and household behavior: *xperimental evidence from 2alawi. 

Journal of Development Economics, 122, pp.11�Ƴ12�.

+roomkin, A.2., 0err, I. and Pineau, /. (2019). ;hen AIs outperform doctors: 

Confronting the challenges of a tort�induced over�reliance on machine learning. 

Arizona Law Review, �1(1), pp.��Ƴ100.

http://udise.in/drc.htm
https://www.aeaweb.org/articles?id=10.1257/aer.102.4.1241
https://www.aeaweb.org/articles?id=10.1257/aer.102.4.1241
https://edition.cnn.com/2016/05/24/health/telesurgery-proximie-beirut-gaza/index.html
https://edition.cnn.com/2016/05/24/health/telesurgery-proximie-beirut-gaza/index.html
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001991
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001991
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001991
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1024-8
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1024-8
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1024-8
https://www.mitpressjournals.org/doi/abs/10.1162/inov_a_00265
https://dl.acm.org/citation.cfm?id=3170358.3170392
https://www.sciencedirect.com/science/article/pii/S2214658X16300034
https://www.sciencedirect.com/science/article/pii/S2214658X16300034
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001373
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001373
http://arxiv.org/abs/1804.05296
http://arxiv.org/abs/1804.05296
https://www.sciencedirect.com/science/article/pii/S0304387816300359
https://www.sciencedirect.com/science/article/pii/S0304387816300359
https://heinonline.org/HOL/P?h=hein.journals/arz61&i=40
https://heinonline.org/HOL/P?h=hein.journals/arz61&i=40


74 — Positive disruption: health and education in a digital age

+uture Advocacy. (2018). Ethical, social, and political challenges of artificial 

intelligence in health. London: ;ellcome Trust.

,apminder (2019). Gapminder child mortality data. Available at: 

www.gapminder.org/data

,elb, A. and Diofasi 2et^, A. (2018). Identification revolution. ;ashington DC: 

Brookings Institution Press.

,ellman, R. (201�). Privacy and biometric ID systems: An approach using fair 

information practices for developing countries. Center for ,lobal Development 

Policy Paper: no. 028. ;ashington DC: Center for ,lobal Development.

,era, R., 2uthusamy, 3., Bahulekar, A., Sharma, A., Singh, P., Sekhar, A. and Singh, :. 

(201�). An in�depth assessment of Indiaƶs 2other and Child Tracking System (2CTS) 

in Rajasthan and Uttar Pradesh. BMC Health Services Research, 1�(1).

,hana *ducation Service, 2inistry of *ducation (2019). Ghana Schools 

Information. Available at: www.ghanaschoolsinfo.org

,ithinji, S., 0igen, S., 2emusi, D., 3yandigisi, A., ;amari, A., 2uturi, A., /agoe, ,., 

>iegler, R., Snow, R. and >urovac, D. (2014). Using mobile phone text messaging 

for malaria surveillance in rural 0enya. Malaria Journal, 1�(1).

,las^iou, P., Straus, S., Brownlee, S., Trevena, L., Dans, L., ,uyatt, ,., *lshaug, A.,., 

/anett, R. and Saini, :. (201�). *vidence for underuse of eǺective medical services 

around the world. The Lancet, �90(10090), pp.1�9Ƴ1��.

,lobal Innovation *xchange (2019). Kytabu: Kenya’s digitized curriculum content. 

Affordable. Accessible. Everywhere. Available at: www.globalinnovationexchange.

org/innovation/kytabu

,overnment of India. (201�). National achievement survey (NAS). Class III Report. 

3ew Delhi: 2inistry of -uman Resource Development.

,overnment of India, 2inistry of *lectronics and Information Technology (n.d.) 

Electronic Consent Framework: Technology Specifications. Version 1.1. Available at: 

http://dla.gov.in/sites/default/ǻles/pdf/2eitY�Consent�Tech�+ramework	20v1.1.pdf

,reenhalgh, T., ;herton, /., Papoutsi, C., Lynch, /., -ughes, ,., AƶCourt, C., 

-inder, S., +ahy, 3., Procter, R. and Shaw, S. (201�). Beyond adoption: A new 

framework for theori^ing and evaluating nonadoption, abandonment, and 

challenges to the scale�up, spread, and sustainability of health and care 

technologies. Journal of Medical Internet Research, 19(11), p.e���.

,reenwood, B. (2014). The contribution of vaccination to global health: Past, 

present and future. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 369(1�4�), p.201�04��.

https://wellcome.ac.uk/sites/default/files/ai-in-health-ethical-social-political-challenges.pdf
https://wellcome.ac.uk/sites/default/files/ai-in-health-ethical-social-political-challenges.pdf
https://www.gapminder.org/data/
https://www.cgdev.org/sites/default/files/privacy-and-biometric-ID-systems_0.pdf
https://www.cgdev.org/sites/default/files/privacy-and-biometric-ID-systems_0.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530478
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530478
http://www.ghanaschoolsinfo.org/
https://www.ncbi.nlm.nih.gov/pubmed/24642130
https://www.ncbi.nlm.nih.gov/pubmed/24642130
https://www.ncbi.nlm.nih.gov/pubmed/28077232
https://www.ncbi.nlm.nih.gov/pubmed/28077232
https://www.globalinnovationexchange.org/innovation/kytabu
https://www.globalinnovationexchange.org/innovation/kytabu
https://mhrd.gov.in/nas
http://dla.gov.in/sites/default/files/pdf/MeitY-Consent-Tech-Framework%20v1.1.pdf
https://www.jmir.org/2017/11/e367/
https://www.jmir.org/2017/11/e367/
https://www.jmir.org/2017/11/e367/
https://www.jmir.org/2017/11/e367/
https://www.ncbi.nlm.nih.gov/pubmed/24821919
https://www.ncbi.nlm.nih.gov/pubmed/24821919


75 — References

,ulshan, :., Peng, L., Coram, 2., Stumpe, 2., ;u, D., 3arayanaswamy, A., 

:enugopalan, S., ;idner, 0., 2adams, T., Cuadros, /., 0im, R., Raman, R., 

3elson, P., 2ega, /. and ;ebster, D. (201�). Development and validation of 

a deep learning algorithm for detection of diabetic retinopathy in retinal 

fundus photographs. JAMA, �1�(22), p.2402.

,urdasani, D., Carstensen, T., Tekola�Ayele, +., Pagani, L., Tachma^idou, I., 

-at^ikotoulas, 0., 0arthikeyan, S., Iles, L., Pollard, 24., Choudhury, A., et al. (201�). 

The African ,enome :ariation project shapes medical genetics in Africa, Nature, 

�1�(���4), pp.�2�Ǻ���2.

-ajian, S., Bonchi, +. and Castillo, C. (201�). Algorithmic bias: +rom discrimination 

discovery to fairness�aware data mining. In Proceedings of the 22nd ACM SIGKDD 

International Conference on Knowledge Discovery and Data Mining (pp. 212�Ƴ212�). 

3ew York: Association for Computing 2achinery (AC2).

-aley, C., Brault, 2., 2winga, 0., Desta, T., 3gure, 0., 0ennedy, S., 2aimbolwa, 2., 

2oyo, P., :ermund, S., 0ipp, A., 0abaka, S., Sergon, 0., Clarke, A., Duworko, 2., 

0alesha�2asumbu, P., 0atepa�Bwalya, 2., 2ad^ima, B., 0anyowa, T. and 

-abimana, P. (2019). Promoting progress in child survival across four African 

countries: the role of strong health governance and leadership in maternal, 

neonatal and child health. Health Policy and Planning, �4(1), pp. 24���.

-arley, 0. and Barasa, S.+. (2012). TESSA teacher education in Sub-Saharan Africa 

formative evaluation report. 2ilton 0eynes: T*SSA, The 4pen University.

-ungerbuehler, I., :aliengo, L., Loch, A.A., RÁssler, ;. and ,atta^, ;.+. (201�). 

-ome�based psychiatric outpatient care through videoconferencing for 

depression: a randomi^ed controlled follow�up trial. JMIR Mental Health, �(�), e��.

IndiaStack. (2019). IndiaStack – Technology for 1.2 billion Indians. 

https://indiastack.org

International Commission on +inancing ,lobal *ducation 4pportunity. (2019). 

The learning generation: Investing in education for a changing world. 3ew York: 

The *ducation Commission.

International Development Research Centre (IDRC). (n.d.). Tanzania essential 

health interventions project (TEHIP). I3D*PT- 3etwork. Tan^ania: T*-IP.

International 2onetary +und. (2019) Fiscal monitor. April 2019. ;ashington DC: 

International 2onetary +und.

International Telecommunication Union. (2019). SDG digital investment framework. 

,eneva: International Telecommunication Union.

https://jamanetwork.com/journals/jama/fullarticle/2588763?guestAccessKey=e95d1518-94df-41f3-a32c-f5ee30e7f3b1
https://jamanetwork.com/journals/jama/fullarticle/2588763?guestAccessKey=e95d1518-94df-41f3-a32c-f5ee30e7f3b1
https://jamanetwork.com/journals/jama/fullarticle/2588763?guestAccessKey=e95d1518-94df-41f3-a32c-f5ee30e7f3b1
https://www.nature.com/articles/nature13997
https://dl.acm.org/citation.cfm?id=2945386
https://dl.acm.org/citation.cfm?id=2945386
https://academic.oup.com/heapol/advance-article/doi/10.1093/heapol/czy105/5303935
https://academic.oup.com/heapol/advance-article/doi/10.1093/heapol/czy105/5303935
https://academic.oup.com/heapol/advance-article/doi/10.1093/heapol/czy105/5303935
http://www.tessafrica.net/sites/www.tessafrica.net/files/TESSA_Formative_Evaluation_Report_October_2012.pdf
http://www.tessafrica.net/sites/www.tessafrica.net/files/TESSA_Formative_Evaluation_Report_October_2012.pdf
https://mental.jmir.org/2016/3/e36/
https://mental.jmir.org/2016/3/e36/
https://indiastack.org/
https://report.educationcommission.org/report/
https://www.imf.org/en/Publications/FM/Issues/2019/03/18/fiscal-monitor-april-2019
http://handle.itu.int/11.1002/pub/812df924-en


76 — Positive disruption: health and education in a digital age

Irimu, ,., 4gero, 2., 2bevi, ,., Agweyu, A., Akech, S., /ulius, T., 3yamai, R., 

,ithangƶa, D., Ayieko, P. and *nglish, 2. (2018). Approaching Uuality improvement 

at scale: A learning health system approach in 0enya. Archives of Disease 

in Childhood.

/ensen, R. and 4ster, *. (2009). The power of T:: Cable television and womenƶs 

status in India. The Quarterly Journal of Economics, 124(�), pp.10��Ƴ1094.

/ensen, R. (2010). The (perceived) returns to education and the demand 

for schooling. The Quarterly Journal of Economics, 125(2), pp.�1�Ƴ�48.

/ohn, S., Sengupta, S., Reddy, S./., Prabhu, P., 0irubanandan, 0. and Badrinath, S.S. 

(2012). The Sankara 3ethralaya mobile teleophthalmology model for 

comprehensive eye care delivery in rural India. Telemedicine and e-Health, 18(�), 

pp.�82Ƴ�8�.

/ohnson, A.D., Thiero, 4., ;hidden, C., Poudiougou, B., Diakit³, D., Traor³, +., 

Samak³, S., 0on³, D., Ciss³, I. and 0ayentao, 0. (2018). Proactive community 

case management and child survival in periurban 2ali. BMJ global health, 3(2),  

p.e000��4.

0abeer, 3. (2010). Can the MDGs provide a pathway to social justice? The 

challenge of intersecting inequalities. Institute of Development Studies. 2D, 

Achievement +und. United 3ations Development Programme, 3ew York.

0alinin, A.A., -iggins, ,.A., Reamaroon, 3., Soroushmehr, S., Allyn�

+euer, A., Dinov, I.D., 3ajarian, 0. and Athey, B.D. (2018). Deep learning 

in pharmacogenomics: +rom gene regulation to patient stratiǻcation. 

Pharmacogenomics, 19(�), pp.�29Ƴ��0.

0isakye, A., Tweheyo, R., Ssengooba, +., Pariyo, ,., Rutebemberwa, *. and 

0iwanuka, S. (201�). Regulatory mechanisms for absenteeism in the health sector: 

A systematic review of strategies and their implementation. Journal of Healthcare 

Leadership, :olume 8, pp.81Ƴ94.

0ishore, D. and Shah, D. (2019). Using technology to facilitate 

educational attainment: Reviewing the past and looking to the future. 

Background paper, Pathways for Prosperity Commission. 4xford, U0: 

Pathways for Prosperity Commission.

0lec^ka, B., 2usiega, A., Rabut, ,., ;ekesa, P., 2waniki, P., 2arx, 2. and 0umar, P. 

(2018). Rubber stamp templates for improving clinical documentation: A paper�

based, m�-ealth approach for Uuality improvement in low�resource settings. 

International Journal of Medical Informatics, 114, pp.121Ƴ129.

0ress, D., Su, Y. and ;ang, -. (201�). Assessment of primary health care system 

performance in 3igeria: Using the primary health care performance indicator 

conceptual framework. Health Systems & Reform, 2(4), pp.�02Ƴ�18.

https://adc.bmj.com/content/103/11/1013
https://adc.bmj.com/content/103/11/1013
https://www.jstor.org/stable/40506252?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/40506252?seq=1#page_scan_tab_contents
https://academic.oup.com/qje/article-abstract/125/2/515/1882172?redirectedFrom=fulltext
https://academic.oup.com/qje/article-abstract/125/2/515/1882172?redirectedFrom=fulltext
https://www.liebertpub.com/doi/full/10.1089/tmj.2011.0190?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.liebertpub.com/doi/full/10.1089/tmj.2011.0190?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://jogh.org/documents/issue201802/jogh-08-020418.pdf
http://jogh.org/documents/issue201802/jogh-08-020418.pdf
https://www.ids.ac.uk/files/dmfile/MDGreportwebsiteu2WC.pdf
https://www.ids.ac.uk/files/dmfile/MDGreportwebsiteu2WC.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29697304
https://www.ncbi.nlm.nih.gov/pubmed/29697304
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5741011/pdf/jhl-8-081.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5741011/pdf/jhl-8-081.pdf
https://www.sciencedirect.com/science/article/pii/S1386505617303775
https://www.sciencedirect.com/science/article/pii/S1386505617303775
https://www.tandfonline.com/doi/full/10.1080/23288604.2016.1234861
https://www.tandfonline.com/doi/full/10.1080/23288604.2016.1234861
https://www.tandfonline.com/doi/full/10.1080/23288604.2016.1234861


77 — References

0ruk, 2.*., ,age, A.D., Arsenault, C., /ordan, 0., Leslie, -.-., Roder�De;an, S., 

Adeyi, 4., Barker, P., Daelmans, B., Doubova, S.:., *nglish, 2., *lorrio, *.,., 

,uanais, +., ,ureje, 4., -irschhorn, L. R., /iang, L., 0elley, *., Lemango, *. T., 

Liljestrand, /., 2alata, A., 2archant, T., 2atsoso, 2. P., 2eara, /. ,., 2ohanan, 2., 

3diaye, Y., 3orheim, 4. +., Reddy, 0. S., Rowe, A. 0., Salomon, /. A., Thapa, ,., 

Twum�Danso, 3. A. Y. and Pate, 2. (2018). -igh�Uuality health systems in the 

Sustainable Development ,oals era: Time for a revolution. The Lancet Global 

Health, 6(11), pp.e119��e12�2.

0umar, P., Paton, C. and 0irigia, D. (201�). Iƶve got 99 problems but a phone ainƶt 

one: *lectronic and mobile health in low and middle income countries. Archives 

of Disease in Childhood, 101(10), pp.9�4Ƴ9�9.

0yei�3imakoh, 2., Carolan�4lah, 2. and 2cCann, T.:. (201�). Access barriers 

to obstetric care at health facilities in sub�Saharan Africa Ƴ a systematic review. 

Systematic reviews, 6(1), p.110. 

LabriUue, A., :asudevan, L., 0ochi, *., +abricant, R. and 2ehl, ,. (201�). m-ealth 

innovations as health system strengthening tools: 12 common applications and 

a visual framework. Global Health: Science and Practice, 1(2), pp.1�0Ƴ1�1.

Liew, C. (2018). The future of radiology augmented with artiǻcial intelligence: 

A strategy for success. European Journal of Radiology, 102, pp.1�2Ƴ1��.

2akoni, A., Chemhuru, 2., ,ombe, 3., Shambira, ,., /uru, T., Bangure, D. and 

Tshimanga, 2. (201�). *valuation of the acute Ǽaccid paralysis (A+P) surveillance 

system, ,okwe 3orth district, >imbabwe, 201�: A descriptive cross sectional 

study. Pan African Medical Journal, 2�.

2anaus Consulting. (201�). Assessing the use of technology and Khan Academy 

to improve educational outcomes in Sacatepéquez, Guatemala. Los Angeles: 

2A3AUS Consulting.

2ansoor, >. and ;illiams, 2. (2018). Systems approaches to public service 

delivery: Lessons from health, education, and infrastructure. In Systems of Public 

Service Delivery in Developing Countries. 4xford, Blavatnik School of ,overnment.

2asiero, S. (2019). The digitalization of anti-poverty programs: Aadhaar and the 

reform of social protection in India. In ,raham, 2. (ed.) Digital Economies at Global 

Margins. Cambridge: 2IT Press.

2asterCard +oundation. (201�). Research pack: Mapping the landscape and 

role of education technology (EdTech) for secondary education in Africa. Rwanda: 

2astercard +oundation.

2cBride, B., 3guyen, L.T., ;iljer, D., :u, 3.C., 3guyen, C.0. and 4ƶ3eil, /. 

(2018). Development of a maternal, newborn and child m-ealth intervention 

in Thai 3guyen Province, :ietnam: protocol for the m2om project. JMIR 

Research Protocols, 7(1).

https://www.thelancet.com/pdfs/journals/langlo/PIIS2214-109X(18)30386-3.pdf
https://www.thelancet.com/pdfs/journals/langlo/PIIS2214-109X(18)30386-3.pdf
https://adc.bmj.com/content/101/10/974.info
https://adc.bmj.com/content/101/10/974.info
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5461715/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5461715/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4168567/pdf/160.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4168567/pdf/160.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4168567/pdf/160.pdf
https://www.sciencedirect.com/science/article/pii/S0720048X18301116
https://www.sciencedirect.com/science/article/pii/S0720048X18301116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579435/pdf/PAMJ-27-203.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579435/pdf/PAMJ-27-203.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579435/pdf/PAMJ-27-203.pdf
https://learningequality.org/media/FUNSEPA_Final_Evaluation_Report_27May2016.pdf
https://learningequality.org/media/FUNSEPA_Final_Evaluation_Report_27May2016.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5785686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5785686/


78 — Positive disruption: health and education in a digital age

2c,owan, 0., :ora, P., -omer, 2. and Dolan, /. (2018). Personal data 

empowerment: Restoring power to the people in a digital age. Pathways 

for Prosperity Commission Background Paper Series  no. 11. 4xford, U0: 

Pathways for Prosperity Commission.

2c,rath�Champ, S., ;ilson, R., Stacey, 2. and +it^gerald, S. (2018). 

Understanding work in schools: The foundation of teaching and learning. 

Sydney: 3S; Teachers +ederation.

2c2ahan, -.B., Andrew, ,. (2018). A ,eneral approach to adding diǺerential 

privacy to iterative training procedures. Computing Research Repository, CoRR, 

abs/1812.06210.

2isra, P. (2019). Lesson from Aadhaar: Analog aspects of digital governance 

shouldn’t be overlooked. Pathways for Prosperity Commission Background 

Paper Series  no. 19. 4xford, United 0ingdom.

2uralidharan, 0., Das, /., -olla, A. and 2ohpal, A. (201�). The ǻscal cost of weak 

governance: *vidence from teacher absence in India. Journal of Public Economics, 

14�, pp.11�Ƴ1��.

2uralidharan, 0., Singh, A. and ,animian, A. (2019). Disrupting education$ 

*xperimental evidence on technology�aided instruction in India. American 

Economic Review.

2uralidharan, 0. and Sundararaman, :. (201�). The aggregate eǺect of school 

choice: *vidence from a two�stage experiment in India. The Quarterly Journal 

of Economics, 1�0(�), pp.1011Ƴ10��.

2utale, ;., Chintu, 3., Amoroso, C., Awoonor�;illiams, 0., Phillips, /., Baynes, C., 

2ichel, C., Taylor, A. and Sherr, 0. (201�). Improving health information systems 

for decision making across ǻve sub�Saharan African countries: Implementation 

strategies from the African -ealth Initiative. BMC Health Services Research, 1�(2), p.S9.

3ational Academy of 2edicine. (2019). The learning health system series. 

;ashington DC: 3ational Academy of 2edicine. Available at: https://nam.edu/

programs/value�science�driven�health�care/learning�health�system�series

3ational Academies of Sciences, *ngineering and 2edicine. (2018). Crossing the 

global quality chasm: Improving health care worldwide. Consensus Study Report. 

;ashington DC: 3ational Academies of Sciences, *ngineering and 2edicine.

3ational Institute for Transforming India. (2018). National health stack: 

Strategy and approach. Consultation paper. ,overnment of India.

3ational Portal of India. (2019). DIKSHA. www.india.gov.in/spotlight/diksha�

national�digital�infrastructure�teachers

https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://www.nswtf.org.au/prioritising-teaching-learning
http://arxiv.org/abs/1812.06210
http://arxiv.org/abs/1812.06210
https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://www.sciencedirect.com/science/article/pii/S0047272716301621
https://www.sciencedirect.com/science/article/pii/S0047272716301621
https://www.aeaweb.org/articles?id=10.1257/aer.20171112&&from=f
https://www.aeaweb.org/articles?id=10.1257/aer.20171112&&from=f
https://www.aeaweb.org/articles?id=10.1257/aer.20171112&&from=f
https://academic.oup.com/qje/article/130/3/1011/1931887
https://academic.oup.com/qje/article/130/3/1011/1931887
https://www.ncbi.nlm.nih.gov/pubmed/23819699
https://www.ncbi.nlm.nih.gov/pubmed/23819699
https://www.ncbi.nlm.nih.gov/pubmed/23819699
https://nam.edu/programs/value-science-driven-health-care/learning-health-system-series/
https://nam.edu/programs/value-science-driven-health-care/learning-health-system-series/
http://nationalacademies.org/hmd/Reports/2018/crossing-global-quality-chasm-improving-health-care-worldwide.aspx
http://nationalacademies.org/hmd/Reports/2018/crossing-global-quality-chasm-improving-health-care-worldwide.aspx
http://www.niti.gov.in/writereaddata/files/document_publication/NHS-Strategy-and-Approach-Document-for-consultation.pdf
http://www.niti.gov.in/writereaddata/files/document_publication/NHS-Strategy-and-Approach-Document-for-consultation.pdf
https://www.india.gov.in/spotlight/diksha-national-digital-infrastructure-teachers
https://www.india.gov.in/spotlight/diksha-national-digital-infrastructure-teachers


79 — References

3aughton, B. (2018). The future of falsified and substandard medicine detection: 

Digital methods to track and authenticate pharmaceutical products. Pathways 

for Prosperity Commission Background Paper Series: no. �. 4xford, U0: 

Pathways for Prosperity Commission.

3aydenova, *. (201�). 2obile�based surveillance Uuest using IT (2oS6uIT), 

India. Social Innovation in Health Initiative Case Collection. ,eneva: ;orld 

-ealth 4rganisation.

3ayyar, ,., Breman, /., 2ackey, T., Clark, /., -ajjou, 2., Littrell, 2. and 

-errington, /. (2019). +alsiǻed and substandard drugs: Stopping the pandemic. 

The American Journal of Tropical Medicine and Hygiene.

3eumann, 2. and ;incewic^, 0. (201�). TextT*T*A Ƴ An S2S�based education 

service. In 2016 IEEE Global Humanitarian Technology Conference (GHTC) 

(pp.�12Ƴ�1�). I***.

3-S Barts -ealth. (201�). Surgeons use virtual reality to operate from different sides 

of the world. Available at: www.bartshealth.nhs.uk/news/surgeons�use�virtual�

reality�to�operate�from�diǺerent�sides�of�the�world�21�1

4*CD. (201�). Fiscal sustainability of health systems: Bridging health and finance 

perspectives. Paris: 4*CD Publishing.

4midyar 3etwork. (2019). Scaling access and impact: Realizing the power 

of EdTech. California: 4midyar 3etwork.

4nebillion. (2019). One billion children reading. https://onebillion.org

Pane, /., Steiner, *., Baird, 2. and -amilton, L. (201�). Continued progress: 

Promising evidence on personalized learning. RA3D Corporation.

Pane, /. (201�). What emerging research says about the promise of personalized 

learning. ;ashington DC: The Brookings Institution. Available at: 

www.brookings.edu/blog/brown�center�chalkboard/201�/08/1�/what�

emerging�research�says�about�the�promise�of�personali^ed�learning

Pane, /., Steiner, *., Baird, 2., -amilton, L. and Pane, /.D. (201�). Informing 

progress: Insights on personalized learning implementation and effects. 

California: RA3D Corporation.

Parikh, R., 4bermeyer, >. and 3avathe, A. (2019). Regulation of predictive 

analytics in medicine. Science, ���(�429), pp.810Ƴ812.

PAT-. (201�). BID initiative briefs: Recommendations and lessons learned. 

Seattle ;A: PAT-.

https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://www.socialinnovationinhealth.org/downloads/Case_Studies/MoSQuIT_SIHI_Case_Collection.pdf
https://www.socialinnovationinhealth.org/downloads/Case_Studies/MoSQuIT_SIHI_Case_Collection.pdf
http://www.ajtmh.org/content/journals/10.4269/ajtmh.18-0981
https://ieeexplore.ieee.org/abstract/document/7857298
https://ieeexplore.ieee.org/abstract/document/7857298
https://www.bartshealth.nhs.uk/news/surgeons-use-virtual-reality-to-operate-from-different-sides-of-the-world-2171
https://www.bartshealth.nhs.uk/news/surgeons-use-virtual-reality-to-operate-from-different-sides-of-the-world-2171
https://doi.org/10.1787/9789264233386-en
https://doi.org/10.1787/9789264233386-en
https://www.omidyar.com/insights/scaling-access-impact-realizing-power-edtech
https://www.omidyar.com/insights/scaling-access-impact-realizing-power-edtech
https://onebillion.org/
https://www.rand.org/pubs/research_reports/RR1365.html
https://www.rand.org/pubs/research_reports/RR1365.html
https://www.brookings.edu/blog/brown-center-chalkboard/2017/08/15/what-emerging-research-says-about-the-promise-of-personalized-learning/
https://www.brookings.edu/blog/brown-center-chalkboard/2017/08/15/what-emerging-research-says-about-the-promise-of-personalized-learning/
https://www.rand.org/pubs/research_reports/RR2042.html
https://www.rand.org/pubs/research_reports/RR2042.html
http://science.sciencemag.org/content/363/6429/810
http://science.sciencemag.org/content/363/6429/810
https://bidinitiative.org/wp-content/uploads/VAD_BID_LessonsLearned_DATAUSE_v1_rev06.pdf


80 — Positive disruption: health and education in a digital age

Pathways for Prosperity Commission. (2018a). Charting Pathways for 

Inclusive Growth: From Paralysis to Preparation. 4xford, U0: Pathways 

for Prosperity Commission.

Pathways for Prosperity Commission. (2018b). Digital Lives: Meaningful Connections 

for the Next 3 Billion. 4xford, U0: Pathways for Prosperity Commission.

Paton, C. and 2uinga, 3. (2018). Electronic health records: A case study from Kenya. 

Pathways for Prosperity Commission Background Paper Series: no. 12. 4xford, 

U0: Pathways for Prosperity Commission.

Perri�2oore, S., Routen, T., Shao, A.+., Rambaud�Althaus, C., Swai, 3., 0ahama�

2aro, /., DƶAcremont, :., ,enton, B. and 2itchell, 2. (201�). Using an eI2CI�

derived decision support protocol to improve provider�caretaker communication 

for treatment of children under � in Tan^ania. Global Health Communication, 1(1), 

pp.41Ƴ4�.

Peters, S., ;oodward, 2., /ha, :., 0ennedy, S. and 3orton, R. (201�). 

;omenƶs health: A new global agenda. BMJ Global Health, 1(�), p.e000080.

Peters, S. and 3orton, R. (2018). Sex and gender reporting in global health: 

new editorial policies. BMJ Global Health, �(4), p.e0010�8.

Ping An -ealthcare and Technology Company Limited. (2019). Company Overview. 

www.pahtg.com/en/about�us/company�overview/

Piper, B., /epkemei, *., 0wayumba, D. and 0ibukho, 0. (201�). 0enyaƶs ICT policy 

in practice: The eǺectiveness of tablets and e�readers in improving student 

outcomes. FIRE: Forum for International Research in Education, 2(1).

Piper, B., Destefano, /., 0inyanjui, *. and 4ngƶele, S. (2018a). Scaling up 

successfully: Lessons from 0enyaƶs Tusome national literacy program. 

Journal of Educational Change, 19(�), pp.29�Ƴ�21.

Piper, B., Simmons >uilkowski, S., Dubeck, 2., /epkemei, *. and 0ing, S. (2018b). 

Identifying the essential ingredients to literacy and numeracy improvement: 

Teacher professional development and coaching, student textbooks, and 

structured teachersƶ guides. World Development, 10�, pp.�24Ƴ���.

Pisa, 2. and 2cCurdy, D. (2019). Improving global health supply chains through 

traceability. Center for ,lobal Development Policy Paper: 1�9. ;ashington DC: 

Center for ,lobal Development.

Pitchford, 3. (201�). Development of early mathematical skills with a tablet 

intervention: a randomi^ed control trial in 2alawi. Frontiers in Psychology, �.

https://pathwayscommission.bsg.ox.ac.uk/digital-lives-report
https://pathwayscommission.bsg.ox.ac.uk/background-papers
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981082/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981082/
https://gh.bmj.com/content/1/3/e000080
https://gh.bmj.com/content/3/4/e001038.full
https://gh.bmj.com/content/3/4/e001038.full
http://www.pahtg.com/en/about-us/company-overview/
https://preserve.lehigh.edu/cgi/viewcontent.cgi?article=1025&context=fire
https://preserve.lehigh.edu/cgi/viewcontent.cgi?article=1025&context=fire
https://preserve.lehigh.edu/cgi/viewcontent.cgi?article=1025&context=fire
https://link.springer.com/article/10.1007/s10833-018-9325-4
https://link.springer.com/article/10.1007/s10833-018-9325-4
https://www.sciencedirect.com/science/article/pii/S0305750X18300287?via%3Dihub#b9005
https://www.sciencedirect.com/science/article/pii/S0305750X18300287?via%3Dihub#b9005
https://www.sciencedirect.com/science/article/pii/S0305750X18300287?via%3Dihub#b9005
https://www.cgdev.org/publication/improving-global-health-supply-chains-through-traceability
https://www.cgdev.org/publication/improving-global-health-supply-chains-through-traceability
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407502/pdf/fpsyg-06-00485.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407502/pdf/fpsyg-06-00485.pdf


81 — References

Pitchford, 3., Chigeda, A. and -ubber, P. (under review). Interactive apps 

can prevent a gender discrepancy from emerging in early grade mathematics 

in a low�income country in Sub�Saharan Africa. Developmental Science.

Principles for Digital Development. (2019) The principles. 

https://digitalprinciples.org/

Pritchett, L. (201�). Creating education systems coherent for learning outcomes: 

Making the transition from schooling to learning. Research on Improving Systems 

of *ducation (RIS*) ;orking Paper: 1�/00�. ;ashington DC: RIS* at Center for 

,lobal Development.

Pritchett, L. (2018). The risks of dangerous dashboards in basic education. Center 

for ,lobal Development 3ote. ;ashington DC: Center for ,lobal Development.

Project *C-4. (2019). ECHO Model. AlbuUuerUue: University of 3ew 2exico. 

Available at: https://echo.unm.edu/about�echo/model

PwC. (201�). What Doctor? Why AI and robotics will redefine new health. 3ew York: 

PwC. Available at: www.pwc.com/gx/en/industries/healthcare/publications/ai�

robotics�new�health.html

Reboot. (201�). Addressing teacher absenteeism in Edo State: Summary of findings. 

;ashington DC: The International Bank for Reconstruction and Development/

The ;orld Bank.

Republic of 0enya. (201�). Tusome external evaluation midline report. ;ashington 

DC: US Agency for International Development.

Richardson, R., Schult^, /. and Crawford, 0. (2019). Dirty data, bad predictions: 

-ow civil rights violations impact police data, predictive policing systems, and 

justice. New York University Law Review Online, forthcoming.

Richmond, B. (2000). The “thinking” in systems thinking: Seven essential skills. 

Toolbox Reprint Series. ;altham, 2A: Pegasus Communications.

Robert Bosch Centre for Cyber Physical Systems. (2018). The Indian urban 

data exchange: An overview of the rationale, architecture and methodology. 

0arnataka, India: Robert Bosch Centre for Cyber Physical Systems. Available at: 

www.rbccps.org/wp�content/uploads/2018/12/The�Indian�Urban�Data�

*xchange.pdf

Rogers, -.+. and :egas, *. (2009). No more cutting class? Reducing teacher 

absence and providing incentives for performance. The ;orld Bank Development 

Research ,roup ;orking Paper, (484�). ;ashington DC: The ;orld Bank.

Roser, 2. (2019) Maternal mortality. Published online at 4ur;orldInData.org. 

Available at: https://ourworldindata.org/maternal�mortality

https://digitalprinciples.org/
https://www.riseprogramme.org/sites/www.riseprogramme.org/files/inline-files/RISE_WP-005_Pritchett_1.pdf
https://www.riseprogramme.org/sites/www.riseprogramme.org/files/inline-files/RISE_WP-005_Pritchett_1.pdf
https://www.cgdev.org/sites/default/files/risks-dangerous-dashboards-basic-education.pdf
https://echo.unm.edu/about-echo/model
https://www.pwc.com/gx/en/industries/healthcare/publications/ai-robotics-new-health.html
https://www.pwc.com/gx/en/industries/healthcare/publications/ai-robotics-new-health.html
https://reboot.org/wordpress/wp-content/uploads/2018/03/Reboot-Teacher-Absenteeism-in-Edo-State.pdf
https://ssrn.com/abstract=3333423
https://ssrn.com/abstract=3333423
https://ssrn.com/abstract=3333423
http://www.rbccps.org/wp-content/uploads/2018/12/The-Indian-Urban-Data-Exchange.pdf
http://www.rbccps.org/wp-content/uploads/2018/12/The-Indian-Urban-Data-Exchange.pdf
http://documents.worldbank.org/curated/en/696251468041441277/pdf/WPS4847.pdf
http://documents.worldbank.org/curated/en/696251468041441277/pdf/WPS4847.pdf
http://OurWorldInData.org
https://ourworldindata.org/maternal-mortality


82 — Positive disruption: health and education in a digital age

Rubin, P. (2019). Facebook can make VR avatars look – and move – exactly like you. 

In ;IR*D, 1� 2arch 2019. Available at: www.wired.com/story/facebook�oculus�

codec�avatars�vr/

Ruducha, /., 2ann, C., Singh, 3., ,emebo, T., Tessema, 3., Baschieri, A., 

+riberg, I., >erfu, T., Yassin, 2., +ranca, ,. and Berman, P. (201�). -ow *thiopia 

achieved 2illennium Development ,oal 4 through multisectoral interventions: 

a countdown to 201� case study. The Lancet Global Health, �(11), pp.e1142�e11�1.

Saria, S., Butte, A. and Sheikh, A. (2018). Better medicine through machine 

learning: ;hatƶs real, and whatƶs artiǻcial$. PLOS Medicine, 1�(12), p.e1002�21.

SDS3 TRe3DS. (2018). Data sharing via SMS strengthens Uganda’s health 

system: A case study of mTRAC, Uganda. Available at: www.sdsntrends.org/

research/2018/9/2�/case�study�mtrac�sms�health�uganda

Seidman, ,. and Atun, R. (201�). Do changes to supply chains and procurement 

processes yield cost savings and improve availability of pharmaceuticals, 

vaccines or health products$ A systematic review of evidence from low�income 

and middle�income countries. BMJ Global Health, 2(2), p.e00024�.

Shaikh, 2., Peters, S.A., ;oodward, 2., 3orton, R. and /ha, :. (2018). Sex 

diǺerences in utilisation of hospital care in a state�sponsored health insurance 

programme providing access to free services in South India. BMJ Global 

Health, 3(�), p.e0008�9.

Shanker, A. (2012). Equity case study: Uganda – Using mobile technologies to 

improve delivery of, and access to, birth registration services for all children. 3ew 

York: U3IC*+. Available at: www.unicef.org/eUuity/archive/indexC���0�.html

Singh, D., 3egin, /., 4tim, 2., 4rach, C. and Cumming, R. (201�). The eǺect of 

payment and incentives on motivation and focus of community health workers: 

+ive case studies from low� and middle�income countries. Human Resources 

for Health, 1�(1).

Sinsky, C., Colligan, L., Li, L., Prgomet, 2., Reynolds, S., ,oeders, L., ;estbrook, /., 

Tutty, 2. and Blike, ,. (201�). Allocation of physician time in ambulatory practice: 

a time and motion study in 4 specialties. Annals of Internal Medicine, 165(11), 

pp.���Ƴ��0.

Social Innovation in -ealth Initiative. (2019a). Chipatala cha pa Foni: Health centre 

by phone. Available at: https://socialinnovationinhealth.org/case�studies/

chipatala�cha�pa�foni�health�centre�by�phone/

Social Innovation in -ealth Initiative. (2019b). MosquitiaMed: Shortening distances 

through telemedicine. Available at: https://socialinnovationinhealth.org/case�

studies/mosUuitiamed/

https://www.wired.com/story/facebook-oculus-codec-avatars-vr/
https://www.wired.com/story/facebook-oculus-codec-avatars-vr/
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(17)30331-5/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(17)30331-5/fulltext
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(17)30331-5/fulltext
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002721
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002721
https://www.sdsntrends.org/research/2018/9/27/case-study-mtrac-sms-health-uganda
https://www.sdsntrends.org/research/2018/9/27/case-study-mtrac-sms-health-uganda
https://gh.bmj.com/content/2/2/e000243
https://gh.bmj.com/content/2/2/e000243
https://gh.bmj.com/content/2/2/e000243
https://gh.bmj.com/content/2/2/e000243
https://gh.bmj.com/content/bmjgh/3/3/e000859.full.pdf
https://gh.bmj.com/content/bmjgh/3/3/e000859.full.pdf
https://gh.bmj.com/content/bmjgh/3/3/e000859.full.pdf
https://www.unicef.org/equity/archive/index_66507.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4501095/pdf/12960_2015_Article_51.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4501095/pdf/12960_2015_Article_51.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4501095/pdf/12960_2015_Article_51.pdf
https://annals.org/aim/article-abstract/2546704/allocation-physician-time-ambulatory-practice-time-motion-study-4-specialties
https://annals.org/aim/article-abstract/2546704/allocation-physician-time-ambulatory-practice-time-motion-study-4-specialties
https://socialinnovationinhealth.org/case-studies/chipatala-cha-pa-foni-health-centre-by-phone/
https://socialinnovationinhealth.org/case-studies/chipatala-cha-pa-foni-health-centre-by-phone/
https://socialinnovationinhealth.org/case-studies/mosquitiamed/
https://socialinnovationinhealth.org/case-studies/mosquitiamed/


83 — References

Societal Platform. (2019). Societal platform. https://societalplatform.org/

Sondaal S., Browne, /., Amoakoh�Coleman, 2., Borgstein, A., Solnes A., 

2iltenburg, A., :erwijs, 2. and 0lipstein�,robusch, 0. (201�). Assessing the 

eǺect of m-ealth interventions in improving maternal and neonatal care in low Ƴ 

and middle�income countries: A systematic review. PLoS ONE 11(�): e01�4��4, 

2ay 201�.

Stanford 2edicine. (201�). 2017 Health trends report harnessing the power 

of data in health. Palo Alto, CA: Stanford University School of 2edicine.

Sunbird.org. (2019). Project Sunbird. www.sunbird.org

Tensor+low. (2019). Introducing TensorFlow Privacy: Learning with differential 

privacy for training data. 2edium. Available at: https://medium.com/tensorǼow/

introducing�tensorǼow�privacy�learning�with�diǺerential�privacy�for�training�

data�b14�c�e801b�

Thomas, I.+., Lawani, A.4. and /ames, B.4. (201�). *Ǻect of short message 

service reminders on clinic attendance among outpatients with psychosis 

at a psychiatric hospital in 3igeria. Psychiatric Services, 68(1), pp.��Ƴ80.

Ti^hoosh, -. and Pantanowit^, L. (2018). Artiǻcial intelligence and digital 

pathology: Challenges and opportunities. Journal of Pathology Informatics, 9:38.

Topol, *./. (2019a). High-performance medicine: the convergence of human 

and artificial intelligence. Nature Medicine, 25(1), p.44.

Topol, *./. (2019b). The Topol review: Preparing the healthcare workforce 

to deliver the digital future. London: -ealth *ducation *ngland.

Trucano, 2. (2014). Interactive educational television in the Amazon. EduTech 

World Bank blog. Available at: http://blogs.worldbank.org/edutech/interactive�

educational�television�ama^on

Tuomi, I. (2018) The impact of artificial intelligence on learning, teaching, 

and education. *uropean Commission /oint Research Centre (/RC) Science 

for Policy Report. Spain: *U Science -ub.

U3*SC4. (2010). Education counts: Towards the Millennium Development Goals. 

Paris: U3*SC4.

U3*SC4 (201�). Education for all 2000–2015: Achievements and challenges. 

Paris: U3*SC4.

United 3ations (201�). Transforming our world: The 2030 agenda for sustainable 

development. 3ew York: U3 Publishing.

https://societalplatform.org/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154664
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154664
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154664
http://med.stanford.edu/content/dam/sm/sm-news/documents/StanfordMedicineHealthTrendsWhitePaper2017.pdf
http://med.stanford.edu/content/dam/sm/sm-news/documents/StanfordMedicineHealthTrendsWhitePaper2017.pdf
http://Sunbird.org
http://www.sunbird.org/
https://medium.com/tensorflow/introducing-tensorflow-privacy-learning-with-differential-privacy-for-training-data-b143c5e801b6
https://medium.com/tensorflow/introducing-tensorflow-privacy-learning-with-differential-privacy-for-training-data-b143c5e801b6
https://medium.com/tensorflow/introducing-tensorflow-privacy-learning-with-differential-privacy-for-training-data-b143c5e801b6
https://ps.psychiatryonline.org/doi/full/10.1176/appi.ps.201500514?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
https://ps.psychiatryonline.org/doi/full/10.1176/appi.ps.201500514?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
https://ps.psychiatryonline.org/doi/full/10.1176/appi.ps.201500514?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6289004/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6289004/
https://www.nature.com/articles/s41591-018-0300-7
https://www.nature.com/articles/s41591-018-0300-7
https://topol.hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf
https://topol.hee.nhs.uk/wp-content/uploads/HEE-Topol-Review-2019.pdf
http://blogs.worldbank.org/edutech/interactive-educational-television-amazon
http://blogs.worldbank.org/edutech/interactive-educational-television-amazon
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC113226/jrc113226_jrcb4_the_impact_of_artificial_intelligence_on_learning_final_2.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC113226/jrc113226_jrcb4_the_impact_of_artificial_intelligence_on_learning_final_2.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000190214
https://unesdoc.unesco.org/ark:/48223/pf0000232205
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld


84 — Positive disruption: health and education in a digital age

United 3ations Inter�Agency ,roup for Child 2ortality *stimation. (2018). 

Under-5 mortality rate estimates – Total (Ethiopia). Available at: 

https://childmortality.org/data

University of Pennsylvania, Center for -ealth Incentives and Behavioral 

*conomics (2019). Center for Health Incentives and Behavioral Economics. 

https://chibe.upenn.edu/

;allet, P. (201�). Information and communication technology (ICT) in education 

in Sub-Saharan Africa: A comparative analysis of basic e-readiness in schools. 

2ontreal: U3*SC4 Institute of Statistics.

;hidden, C., 0ayentao, 0., Liu, /., Lee, S., 0eita, Y., Diakit³, D., 0eita, A., Diarra, S., 

*dwards, /., Yembrick, A., -oleman, I., Samak³, S., Plea, B., Coumar³, 2. and 

/ohnson, A. (2018). Improving community health worker performance by using 

a personalised feedback dashboard for supervision: a randomised controlled 

trial. Journal of Global Health, 8(2).

;orld Bank. (2002). Information and communication technologies: A World Bank 

Group strategy. ;ashington, DC: The ;orld Bank.

;orld Bank. (201�). Non-financial extrinsic and intrinsic teacher motivation 

in government and private schools in India. ;ashington DC: The ;orld Bank. 

Available at: www.worldbank.org/en/programs/sief�trust�fund/brief/non�

ǻnancial�extrinsic�and�intrinsic�teacher�motivation�in�government�and�private�

schools�in�india

;orld Bank. (2018). Learning to realize education’s promise. ;orld Development 

Report 2018. ;ashington DC: The ;orld Bank.

;orld Bank (2019a). Service delivery indicators (SDI). ;ashington DC: The ;orld 

Bank. Available at: http://datatopics.worldbank.org/sdi/

;orld Bank (2019b). The changing nature of work. ;orld Development Report 

2019. ;ashington DC: The ;orld Bank.

;orld Bank (2019c). The human capital project. ;ashington DC: The ;orld Bank. 

Available at: www.worldbank.org/en/publication/human�capital

;orld Bank (2019d). World development indicators. ;ashington DC: The 

;orld Bank. Available at: https://datacatalog.worldbank.org/dataset/world�

development�indicators

;orld -ealth 4rgani^ation. (2018). Skilled health personnel data by country – 

Nigeria. Available at: http://apps.who.int/gho/data/view.main.-;+10v 

https://childmortality.org/data
https://chibe.upenn.edu/
http://uis.unesco.org/sites/default/files/documents/information-and-communication-technology-ict-in-education-in-sub-saharan-africa-2015-en.pdf
http://uis.unesco.org/sites/default/files/documents/information-and-communication-technology-ict-in-education-in-sub-saharan-africa-2015-en.pdf
http://uis.unesco.org/sites/default/files/documents/information-and-communication-technology-ict-in-education-in-sub-saharan-africa-2015-en.pdf
http://jogh.org/documents/issue201802/jogh-08-020418.pdf
http://jogh.org/documents/issue201802/jogh-08-020418.pdf
http://jogh.org/documents/issue201802/jogh-08-020418.pdf
https://openknowledge.worldbank.org/handle/10986/15243
https://openknowledge.worldbank.org/handle/10986/15243
http://www.worldbank.org/en/programs/sief-trust-fund/brief/non-financial-extrinsic-and-intrinsic-teacher-motivation-in-government-and-private-schools-in-india
http://www.worldbank.org/en/programs/sief-trust-fund/brief/non-financial-extrinsic-and-intrinsic-teacher-motivation-in-government-and-private-schools-in-india
http://www.worldbank.org/en/programs/sief-trust-fund/brief/non-financial-extrinsic-and-intrinsic-teacher-motivation-in-government-and-private-schools-in-india
http://www.worldbank.org/en/publication/wdr2018
http://datatopics.worldbank.org/sdi/
http://www.worldbank.org/en/publication/human-capital
https://datacatalog.worldbank.org/dataset/world-development-indicators
https://datacatalog.worldbank.org/dataset/world-development-indicators
http://apps.who.int/gho/data/view.main.HWF10v


85 — References

;orld -ealth 4rgani^ation (2019). Polio erradication. Report by the Director�

,eneral. Seventy�second ;orld -ealth Assembly. Provisional agenda item 11.�. 

,eneva, April 2019.

;orld -ealth 4rganisation, U3IC*+, U3+PA, ;orld Bank ,roup, and the United 

3ations Population Division (201�). Trends in maternal mortality: 1990 to 2015. 

,eneva: 201�. Available at: www.who.int/reproductivehealth/publications/

monitoring/maternal�mortality�201�/en/

;orld -ealth 4rgani^ation and ;orld Bank. (201�). Tracking Universal Health 

Coverage: 2017 Global Monitoring Report. /oint ;-4/;orld Bank ,roup report.

<u, ;., ;ang, /., ;ang, >., Li, Y., Yu, ;., <ie, 6., -e, L. and 2aercker, A. (201�). 

;eb�based intervention improves social acknowledgement and disclosure 

of trauma, leading to a reduction in posttraumatic stress disorder symptoms. 

Journal of Health Psychology, 21(11), pp.2�9�Ƴ2�08.

Y³, 2., 0agon³, 2., Si³, A., Bagagnan, C., Sanou, -., 2illogo, 4., Duclos, :., Tinto, I. 

and Bibeau, ,. (2018). Promoting access eUuity and improving health care for 

women, children and people living with -I:/AIDS in Burkina +aso through 

m-ealth. Journal of Public Health, 40(supplC2), pp.ii42�ii�1.

>ech, /., Badgeley, 2., Liu, 2., Costa, A., Titano, /. and 4ermann, *. (2018). :ariable 

generali^ation performance of a deep learning model to detect pneumonia in 

chest radiographs: A cross�sectional study. PLOS Medicine, 1�(11), p.e1002�8�.

>hou, 3., >hang, C., Lv, -., -ao, C., Li, T., >hu, /., >hu, -., /iang, 2., Liu, 0., -ou, -. 

and Liu, D. (2018). Concordance study between IB2 ;atson for oncology and 

clinical practice for patients with cancer in China. The Oncologist, pp.2018Ƴ02��.

https://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2015/en/
https://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2015/en/
https://www.who.int/healthinfo/universal_health_coverage/report/2017/en/
https://www.who.int/healthinfo/universal_health_coverage/report/2017/en/
https://journals.sagepub.com/doi/full/10.1177/1359105315583371
https://journals.sagepub.com/doi/full/10.1177/1359105315583371
https://academic.oup.com/jpubhealth/article/40/suppl_2/ii42/5247434
https://academic.oup.com/jpubhealth/article/40/suppl_2/ii42/5247434
https://academic.oup.com/jpubhealth/article/40/suppl_2/ii42/5247434
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002683
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002683
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002683
https://onlinelibrary.wiley.com/doi/pdf/10.1634/theoncologist.2018-0255
https://onlinelibrary.wiley.com/doi/pdf/10.1634/theoncologist.2018-0255


86 — Positive disruption: health and education in a digital age

Endnotes
1 Fabian (2018). Unless otherwise specified, 

all $ figures are in US dollars.

2 Preliminary analysis by Angrist et al. (2019b) 
based on Piper et al. (2018a).

3 Muralidharan, Singh and Ganimian (2019).

4 Pathways for Prosperity Commission (2018a).

5 Pathways for Prosperity Commission (2018b).

6 Pathways for Prosperity Commission (2018a); 
Pathways for Prosperity Commission (2018b).

7 World Bank (2019b).

8 The World Bank’s 2002 ICT Sector Strategy 
defines digital technologies as “hardware, 
software, networks, and media for collection, 
storage, processing, transmission, and 
presentation of information (voice, data, text, 
images)”, and this definition remains relevant 
today (World Bank, 2002). In addition, this 
report mentions “digitally enabled technology”, 
a term that refers to new digital technologies 
that enable existing devices to work better 
or more efficiently. Insulin pumps that are 
digitally connected offer a good example.

9 Note that the displayed “years of schooling” are 
the expected years of schooling, which describe 
how many years of school a two-year-old 
child today can expect to complete by age 18, 
based on current enrolment rates. See World 
Bank (2019c) for a detailed definition. The “years 
of learning” is a metric known as learning-
adjusted years of schooling (LAYS), which takes 
into account the quality of the education by 
multiplying years of schooling with a factor that 
represents students’ learning outcomes (Angrist 
et al., 2019a).

10 In both health and education, progress by 
orders of magnitude is needed to achieve the 
United Nations Sustainable Development Goals 
(United Nations, 2015), and metrics in the World 
Bank’s Human Capital Index (World Bank, 2019c).

11 On average, sub-Saharan African children get 4.3 
years of “learning-adjusted” years of schooling, 
compared to 11.3 years in North America.

12 Al-Samarrai, Cerdan-Infantes and Lehe (2019) 
offer a framework to examine how inefficiencies 
mean that returns to additional financial 
resources are lower in some countries than 
in others.

13 13 Data from World Bank (2019c). Learning-
adjusted years of schooling (LAYS) is explained 
in Angrist et al (2019a).

14 The data displayed for child mortality 
was obtained from the World 
Development Indicators (World Bank, 
2019d) (“health expenditure per capita, PPP”), 
and Gapminder (2019).

15 Greenwood (2014).

16 Afghanistan and Pakistan are the only two 
countries with wild poliovirus cases recorded 
since 2016 because some communities were 
hard to reach in remote and politically fragile 
areas (World Health Organization, 2019).

17 Callaway (2017).

18 Mansoor and Williams (2018).

19 Richmond (2000).

20 Mansoor and Williams (2018).

21 Muralidharan, Singh and Ganimian (2019).

22 Cristia et al. (2017); de Melo, Machado 
and Miranda (2014).

23 Aiyar, Dongre and Davis (2015). See also 
Greenhalgh et al. (2017) for a discussion 
of challenges to implementing technological 
solutions in service delivery systems, particularly 
pertaining to a lack of acknowledgement 
of the complexities of systems.

24 Bai et al. (2016).

25 Policymakers and funders are often different 
actors, and they are not always aligned. As with 
other relationships in a health or education 
system, better results generally surface 
when policymakers and donors work together 
coherently. Successful examples include 
Ethiopia’s 2005 health strategy realignment 
(see Box 1). Today, the government of Gujarat 
is working with a group of donors and NGOs 
(including the Lawrence Ellison Foundation 
and the Central Square Foundation) to transform 
government education for 20 million children, 
rather than build new programmes in parallel.

26 Pritchett (2015).

27 Countries with high corruption do not just suffer 
from lost public funds: high levels of corruption 
can distort priorities across whole countries 
and systems, leading to fewer resources and 
less support for service delivery (International 
Monetary Fund, 2019).

28 United Nations Inter-Agency Group for 
Child Mortality Estimation (2018).

29 Ruducha et al. (2017).

30 World Health Organization (2018).

31 Kress, Su and Wang (2016).

32 Haley et al. (2019).

33 Assefa et al. (2018).

34 Ruducha et al. (2017).

35 Pathways for Prosperity Commission (2018a); 
Pathways for Prosperity Commission (2018b).

Endnotes



87 — Endnotes

36 See Labrique et al. (2013) for a review of 
12 different types of m-health applications, 
all aimed at increasing interconnections 
across different parts of the system. M-health 
uses mobile and wireless technologies to 
support the achievement of health objectives, 
usually through sending SMS information 
and reminders.

37 Indeed, digital technologies may not always 
be cost saving. In sectors that are heavily 
people-dependent, or where new technologies 
are particularly expensive, more spending may 
be required to deploy expensive technologies 
that improve outcomes. An OECD report on 
the fiscal sustainability of health systems 
(OECD, 2015) explores this issue.

38 See Omidyar Network (2019) for an accessible 
systems approach to achieving scale and impact 
with edtech solutions. See Greenhalgh et al. 
(2017) for an academic approach to predicting or 
evaluating the success of healthcare interventions.

39 Chaudhury et al. (2006). This study was based 
on unannounced visits to health facilities, with 
the intention of discovering what proportion 
of medical professionals what proportion of 
medical professionals was present in primary 
healthcare posts.

40 Ackers, Ioannou and Ackers-Johnson (2016).

41 Countries included were Kenya, Nigeria, 
Mozambique, Senegal, Tanzania, Togo and 
Uganda (Bold et al., 2018).

42 More studies on worker absenteeism can 
be found in work by Rogers and Vegas (2009), 
and Chaudhury et al. (2006), who also offer 
data for health workers.

43 For a review of public sector pay incentives, 
see Finan, Olken and Pande (2017). De Ree et al. 
(2017) found that a doubling of teachers’ salaries 
in Indonesia had no effect on student outcomes 
two or even three years after the change. In 
case studies of health workers, Singh et al. 
(2015) found that financial incentives actually 
reduced worker motivation and performance 
in some circumstances.

44 Muralidharan et al. (2017).

45 See Duflo, Hanna and Ryan (2012). Another study 
in Pakistan digitised a monitoring system for 
polio vaccinators, and thereby greatly increased 
reporting accuracy (Andreoni et al., 2018).

46 Kisakye et al. (2016).

47 Banerjee, Duflo and Glennerster (2008) studied 
an initiative that temporarily decreased nurse 
absenteeism by collecting attendance data 
with a stamp machine.

48 Andrews, Pritchett, and Woolcock (2017).

49 International Commission on Financing Global 
Education Opportunity (2019).

50 An RCT showed that investing one dollar 
in improving motivation of teachers led to 
gains of seven dollars in teaching effort 
(World Bank, 2016).

51 DeRenzi et al. (2017).

52 For example, even though Zimbabwean health 
workers knew how to collect and send off stool 
samples for polio detection, and they thought 
the surveillance system useful, only one-third of 
them actually collected and sent samples and 
data, largely due to inadequate training on the 
use the reporting system (Makoni et al., 2017). 
See also Mutale et al. (2013).

53 Pritchett (2015).

54 World Bank (2018); Reboot (2013).

55 Early systems-strengthening programmes, 
such as the Tanzania Essential Health 
Interventions Project (TEHIP) administered 
health surveys to understand patient needs 
from 1993 to 2004. The data was visualised 
and used to support budgeting decisions, 
with apparent success in reducing mortality 
(International Development Research 
Centre, n.d.). Nevertheless, scaling such 
systems at reasonable cost proved difficult.

56 Fabian (2018).

57 Shanker (2012).

58 Kumar, Paton and Kirigia (2016).

59 Barau et al. (2014).

60 Centre for Education Innovations (2018).

61 See Seidman and Atun (2017) for a review 
of supply chain management, and centralised 
procurement processes. Furthermore, Pisa and 
McCurdy (2019) and Naughton (2018) examine 
the use of technology to trace and track global 
pharmaceutical supply chains.

62 SDSN TReNDS (2018).

63 World Bank (2019a).

64 Pritchett (2015); For further details on the 
performance of teachers in developing countries 
compared to developed countries, see also 
Bietenbeck, Piopiunik and Wiederhold (2018).

65 Global Innovation Exchange (2019).

66 National Portal of India (2019).

67 Perri-Moore et al. (2015) found that health 
workers gave parents more advice and 
information when they used e-IMCI compared 
to when they followed the same WHO treatment 
protocols in paper format. See also DeRenzi 
et al. (2008).

68 Bollinger, McKenzie-White and Gupta (2011).

69 Other providers are active in this space, too. 
For example, Edo State in Nigeria is working 
with Bridge Academies International as its 
delivery partner for EdoBEST (Edo Basic 
Education Sector Transformation), focusing 
on teacher professional development 
(Harley and Barasa, 2012).

70 Glasziou et al. (2017)70 .

71 Fitzsimons et al. (2016).

72 Kyei-Nimakoh, Carolan-Olah and McCann (2017); 
Shaikh et al. (2018).

73 UNESCO (2010).



88 — Positive disruption: health and education in a digital age

74 When people underestimate the value of 
education, providing basic information on the 
returns of education may increase demand for 
additional schooling (Jensen, 2010). Technology 
may facilitate this information sharing. For 
example, in Tanzania, Noa Ubongo teaches 
the value of education and employability 
skills through a free video-learning platform 
(MasterCard Foundation, 2017).

75 Yé et al. (2018). Another intervention in 
Vietnam sent awareness messages to both 
pregnant women and community health workers 
in their local language. This intervention was 
shown to increase demand for natal care and 
women’s confidence in accessing that care 
(McBride et al., 2018).

76 Thomas, Lawani and James (2016).

77 For examples of behavioural economics 
in health, see University of Pennsylvania, 
Center for Health Incentives and Behavioral 
Economics (2019).

78 Banerjee, La Ferrara and Orozco (2018) study the 
use of an MTV soap opera to create behavioural 
change around HIV testing in Nigeria, while 
Jensen and Oster (2009) examine how simply 
being exposed to standard television media 
(in this case, the introduction of cable TV in 
areas of India) can challenge social norms, 
and improve the status of women.

79 Barboni et al. (2018).

80 Pathways for Prosperity Commission (2018b).

81 In parts of India, for example, an unmarried 
girl with a mobile phone may be associated 
with promiscuity, because digital activity could 
prevent a girl from being viewed as remaining 
“pure” for marriage (Barboni et al., 2018).

82 For more on this, see previous Pathways for 
Prosperity Commission work in our Digital Lives 
report, examining how digital technologies can 
exacerbate existing inequality (Pathways for 
Prosperity Commission, 2018b).

83 See Kruk et al. (2018) and the National 
Academies of Sciences (2018) for recent 
approaches to this in global health.

84 National Academy of Medicine (2019).

85 English et al. (2016) discuss the potential for 
this in health. In education, a nascent proposal 
from the Global Innovation Fund (with others) 
would create a “Science of Learning Library” to 
aggregate education data, analyse it, and turn it 
into pedagogical advice. The technical concepts 
behind these are discussed further in Chapter 5.

86 Naydenova (2016).

87 BLUESQUARE (2019).

88 Ghana Education Service, Ministry of Education 
(2019).

89 International Commission on Financing Global 
Education Opportunity (2019).

90 English et al. (2016).

91 PATH (2017).

92 International Commission on Financing Global 
Education Opportunity (2019).

93 World Health Organization and World Bank 
(2017).

94 For example, an integrated community case-
management programme in Ethiopia and Malawi 
did not deliver the expected improvements 
in child mortality or care-seeking behaviours 
(Amouzou et al., 2016a, and Amouzou et al., 2016b).

95 This programme is implemented by Muso 
Health, an NGO, and the Malian Ministry of 
Health and Public Hygiene. Muso’s proactive 
approach is a departure from common 
models in which community health workers 
wait for potential patients to contact them 
(Johnson et al., 2018).

96 Whidden et al. (2018).

97 DeRenzi et al. (2012) have more about this 
intervention to send SMS reminders to community 
health workers. How such reminders were sent 
mattered: if they did not include a threat of referral 
to a supervisor, the reminders had no impact, 
suggesting that local contextual factors will always 
matter for such feedback loops.

98 See Butterfly iQ (2019) for more information.

99 See Babylon (2019) for more information. It is too 
early to assess the intervention’s effectiveness 
in addressing health care needs, but it seems to 
have potential, particularly when partnered with 
other tools (such as automated drug prescription 
and dispensing for low-risk and simple 
conditions). Another related example is Ping An 
Good Doctor, an application whose founders 
report 265 million registered users in China 
(Ping An Healthcare and Technology Company 
Limited, 2019).

100 Al-Samarrai et al. (2017).

101 Of course, there are risks with making digital 
ID the only way to access a service; it can end 
up excluding those who are not enrolled in 
the ID system.

102 See Masiero (2019) for a discussion of how the 
Aadhaar digital ID system is changing Indian 
service delivery systems (in this case, social 
protection payments). Misra (2019) gives a general 
background on the Aadhaar programme.

103 UNESCO (2015).

104 Kyei-Nimakoh Carolan-Olah and McCann (2017); 
Shaikh et al. (2018); Finlayson and Downe (2013).

105 Roser (2019); World Health Organisation, UNICEF, 
UNFPA, World Bank Group, and the United 
Nations Population Division (2015).

106 UNESCO (2010).

107 Kabeer (2010).

108 Sondaal et al. (2016).

109 MasterCard Foundation (2017).

110 Social Innovation in Health Initiative (2019a).

111 Pitchford, Chigeda and Hubber (under review).

112 Pathways for Prosperity Commission (2018b).

113 Peters and Norton (2018); Peters et al. (2016); 
Criado-Perez (2019).

114 Muralidharan, Singh and Ganimian (2019).



89 — Endnotes

115 Onebillion’s solution is generally named 
onecourse, but was also called the “Unlocking 
Talent through Technology” project for 
the purpose of the XPrize competition 
(Onebillion, 2019).

116 Over an eight-week period, students in the 
tablet-based maths teaching group gained 
numeracy skills at more than double the 
rate of both those in the non-tablet-based 
maths teaching group and those in a placebo 
group using tablets without maths teaching 
(Pitchford, 2015).

117 Pitchford, Chigeda and Hubber (under review).

118 Paton and Muinga (2018).

119 These include an adaptive learning tool 
developed by Carnegie Learning, similar to 
Mindspark or onebillion, but in which different 
statistical methods, including machine learning, 
are trialled, in order to understand students’ 
competency levels (Fancsali et al. 2018). In 
health, potential opportunities for personalised 
medicine include tailored cancer care, and 
prescription decision support. IBM Watson for 
Oncology gives treatment recommendations 
based not just on recent tests, but also on the 
patient’s previous medical record. However, 
evidence on the algorithm’s accuracy is mixed, 
and it remains a work in progress (see Zhou et 
al. (2018) and Topol (2019a)). In the future, deep 
learning may be used to predict personalised 
drug response and optimise medication 
selection and dosing (Kalinin et al., 2018).

120 Muralidharan, Singh and Ganimian (2019).

121 Central Square Foundation (2018).

122 Zech et al. (2018); Tizhoosh and Pantanowitz 
(2018).

123 Pane (2017), Pane et al. (2017).

124 For health workers’ changing roles, 
see Topol (2019b).

125 See Tuomi (2018) on automation of 
administrative tasks, and see Arndt et al. (2017) 
for a US study that found doctors spend more 
than half their time on patient records and 
reporting. In Australia, routine administrative 
tasks take up to 11 hours per week of teachers’ 
home time, and 91% of teachers surveyed 
agreed that new administrative demands 
hindered teaching and learning 
(McGrath-Champ et al., 2018).

126 For instance, Tusome Early Grade Reading 
Activity in Kenya worked across 23,000 state 
schools to provide teachers with instructional 
materials and lesson plans, alongside coaching 
and tablet-based monitoring and feedback. 
Recent evaluations have found it to be quite 
successful (Piper et al., 2018a and 2018b; 
Republic of Kenya, 2017).

127 For a general overview of these trends, see 
Pathways for Prosperity Commission (2018a), 
and Banga and te Velde (2018) for a discussion 
of the skill needs of future workforces across 
all sectors.

128 Piper et al. (2018b).

129 See Liew (2018) and Saria, Butte and Sheikh 
(2018) for discussions on a future health 
workforce (specifically radiologists) augmented 
by machine-learning tools.

130 For one example study looking at public support 
for AI in healthcare, see PwC (2017). However, 
more research is needed to look at support 
within different sectors of the population.

131 The International Commission on Financing 
Global Education Opportunity (2019) provides 
some discussion of this, as does Topol’s 
(2019a) review of the convergence of human 
practitioners and artificial intelligence. The 
review rules out “full automation” in future 
health systems.

132 A project at Facebook named Codec Avatars 
is using 3D image-capture rigs and machine-
learning tools to generate realistic avatars that 
can communicate in a virtual reality space. 
Although still in its infancy, the project suggests 
that solutions for some challenges presented 
by digital communication may be solvable. See 
Rubin (2019) and Abrash (2019) for more on this.

133 East (2016).

134 In 2017, Microsoft HoloLens connected three 
surgeons in London and Mumbai for an 
operation in London. In a virtual space, they 
could see each other, discuss the patient’s 
tumour, and offer judgements on treatments 
(NHS Barts Health, 2017).

135 John et al. (2012) used a teleophthalmology rig 
with a satellite link to allow a hospital specialist 
to consult and review scans of patients in remote 
settings in real time. More than 50,000 patients 
were treated this way over a 1.5-year-long study.

136 MosquitiaMed in Honduras lets health workers 
and residents in the remote La Mosquitia region 
connect to specialists in Tegucigalpa, the 
capital of Honduras (Social Innovation in Health 
Initiative, 2019b).

137 TeleECHO clinics use widely available 
teleconferencing technology to link specialists 
at 278 hubs with primary healthcare workers 
around the world. See Project ECHO (Extension 
for Community Healthcare Outcomes) (2019) 
for more.

138 Social Innovation in Health Initiative (2019a).

139 Hungerbuehler et al. (2016).

140 Xu et al. (2015).

141 Cruz et al. (2016).

142 For a discussion, see Trucano (2014).

143 A recent impact evaluation suggested that 
improvements occurred in the quality of 
students’ learning (Manaus Consulting, 2016).

144 Examples of this include TextTETEA in Tanzania 
and Eneza Education in Kenya, Ghana and 
Cote d’Ivoire (Neumann and Wincewicz, 2016).

145 In Charting Pathways for Inclusive Growth, 
a similar representation for a policy framework 
for inclusive growth was offered, based on three 
pillars: guiding markets towards innovation, 
ensuring the gains are inclusive, and creating 
a digital-ready country. See Pathways for 
Prosperity Commission (2018a).



90 — Positive disruption: health and education in a digital age

146 Pathways for Prosperity Commission (2018b).

147 Wallet (2015).

148 Examples of innovations that help bridge 
the access gap to technology, especially in 
education, are discussed in Kishore and Shah 
(2019).

149 Pathways for Prosperity Commission (2018a).

150 Pathways for Prosperity Commission (2018a).

151 Banga et al.and te Velde (2018).

152 Pathways for Prosperity Commission 
(2018b). 

153 Misra (2019); Gelb and Diofasi Metz (2018); 
National Institute for Transforming India (2018).

154 One alternative is personally held digital health 
records, which may be stored on people’s mobile 
phones. However, this option would make data 
decentralised, and would require individual 
patients to manage their own data. Such a system 
may resolve privacy concerns, but would hinder 
the ability of a learning system to analyse data on 
individual patients centrally. These are the trade-
offs that have to be balanced.

155 Government of India, Ministry of Electronics 
and Information Technology (n.d.).

156 See McMahan and Andrew. (2018) for a technical 
paper; or, for a blog post aimed at a more 
general audience, see TensorFlow (2019).

157 Gellman (2013). See Gellman (2013) for 
a discussion of biometric identification systems 
as data centralisation tools.

158 Errors in machine-learning tools – such as 
predictive assessment or automated resource 
allocation – can be particularly pernicious 
because they are not always easy to spot, 
particularly when the algorithm operates as 
a “black box” that simply produces a judgement 
from a complex mass of data. A broad literature 
is forming around these issues in healthcare. For 
example, Finlayson, Kohane and Beam (2018) 
describe how three different clinical diagnostic 
algorithms could be tricked by a malicious actor; 
Parikh, Obermeyer and Navathe (2019) and 
Arney et al. (2019) present a regulatory agenda 
and a research agenda, respectively, for the 
use of artificial intelligence in healthcare; and 
Froomkin, Kerr and Pineau (2019) consider the 
legal and ethical implications for doctors who 
work alongside machine-learning diagnostics.

159 Analysis of large data sets with techniques 
such as machine learning are – at the basic 
conceptual level – an attempt to find statistical 
patterns in the data. This can be quite effective 
if an algorithm is able to identify, for instance, 
the pattern in eye scans that point to retinal 
disease or diabetes (see De Fauw et al., 2018; 
Gulshan et al., 2016). But such an algorithm 
will not understand cause and consequence; 
it will not understand why the physical pattern 
is correlated with diabetes. Indeed, relying on 
statistical patterns can sometimes lead to wrong 
conclusions, for example where poor image 
quality leads to erroneous results (De Fauw et 
al., 2018). In such cases, the judgement of the 
clinician remains important.

160 Cvitkovic (2018).

161 See Pritchett (2018) for more information 
on problems with education dashboards, 
and District Information System for Education 
(2018) for additional information on its use in 
India. Further, Birdsall, Bruns and Madan (2016) 
propose five positive recommendations for 
data collection in education.

162 English et al. (2018).

163 Irimu et al. (2018).

164 See Saria, Butte and Sheikh (2018) for 
a discussion about machine learning in 
healthcare. In addition, Richardson, Schultz 
and Crawford (2019) explore this issue in 
a completely different field: policing and justice. 
Richardson and her co-authors examine how 
past police decisions that were racially fraught 
and sometimes unlawful led to “dirty data”, and 
how unless the data is thoroughly audited and 
cleaned, these biases will be built into any future 
decisions made by a machine-learning agent. 
See also Hajian, Bonchi, and Castillo (2016) 
for further discussion of algorithmic biases.

165 Similarly, Peters and Norton (2018) and Peters 
et al. (2016) discuss how gender disaggregation 
is vital to understanding (and influencing) 
health outcomes. Criado-Perez (2019) presents 
a number of cases in which services were 
designed based on data about men, much 
to the detriment of women.

166 Bentley, Callier and Rotimi (2019); Gurdasani et al. 
(2015).

167 In Fiji, an effective EMIS was developed with 
strong political leadership, buy-in from school 
administrators, and the creation of tools that 
allowed both teachers and students to interact 
with the data (Abdul-Hamid, 2017).

168 Sinsky et al. (2016).

169 Principles for Digital Development (2019).

170 PATH (2017).

171 Preliminary analysis by Angrist et al. (2019b) 
based on Piper et al. (2018a).

172 Piper et al. (2015); Piper et al. (2018a); Piper et al. 
(2018b).

173 For example, Sunbird.org (2019).

174 Kleczka et al. (2018).

175 SDSN TReNDS (2018); Barrington et al. (2010); 
Githinji et al. (2014).

176 Gera et al. (2015).

177 “Microservices” refer to small functions (such 
as confirming a citizen’s identity, transferring 
money, or identifying a location on a map) that 
can enhance another service. For example, 
an e-health firm that digitises old documents 
but does not want to employ machine-learning 
scientists to develop a text-recognition 
algorithm, instead purchases a microservice 
from Amazon to do this. See Pathways for 
Prosperity Commission (2018a) for more on this.

178 Cvitkovic (2018).

http://Sunbird.org


91 — Endnotes

179 International Telecommunication Union (2019).

180 There are already some examples of designing 
interoperability into microservices and platforms.  
The EkStep Foundation approach relies on 
creating what has been termed a “societal 
platform” – that is, a shared digital infrastructure 
that government, civil society, and the private 
sector can all use to build apps and solutions 
(Societal Platform, 2019). Perhaps the furthest 
developed example of this work is the 
IndiaStack, which gives developers access to 
APIs for identity, consent, payment, and record-
keeping microservices (IndiaStack, 2019).

181 For further discussion of data structures 
and citizen empowerment, see McGowan 
et al. (2018), Robert Bosch Centre for Cyber 
Physical Systems (2018) and National 
Institute for Transforming India (2018).

182 Many failures involving new technology 
are also poorly documented, making 
assessment difficult.





Pathways 
for Prosperity
Commission
Technology &
Inclusive Development


	_6n6o6hnzf6go
	_q4dfmdjdptz7
	_30j0zll
	_1fob9te
	_cmyxpsy3szxi
	_3znysh7
	_2s8eyo1
	_k47x02osqaye
	_17dp8vu
	3rdcrjn
	_26in1rg
	_j0c9d8uysf5s
	_6r0w7p7y8fc7
	lnxbz9
	_35nkun2
	_2d7v41n4sc1d
	_1ksv4uv
	_gvuk6l5a74y
	_f0t0pa4wx1p0
	Understanding health and education systems
	Finding digital solutions to today’s system constraints
	3.1 System-wide incentives for service delivery workers: how digital monitoring and support systems are helping
	3.2 Weak management and accountability structures: how these are being addressed through better digital data flows
	3.3 Knowledge gaps of the frontline workers: how digital technology provides a bridge
	3.4 Low uptake of services by citizens: how digital technology is helping

	Glimpsing the systems of the future
	4.1 Vision One: The Learning System
	4.2 Vision Two: Proactive Systems Supporting Education and Health for All
	4.3 Vision Three: Personalised Health and Education
	4.4 Vision Four: The Teachers and Health Workers of Tomorrow
	4.5 Vision Five: The Virtual System – Classrooms and Clinics without Walls

	Digital foundations and building blocks for data-driven systems
	5.1 Foundations for deploying digital solutions
	5.2 Building blocks for future digital systems

	Conclusions
	References

