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Abstract

Technological progress is reshaping living standards at a global scale. In the 21st century,
innovations are no longer confined to advanced economies — they are diffusing rapidly across
developing nations, enabling “leapfrogging” of traditional development stages. This paper
examines how widespread technological diffusion and societal optimization are poised to
reduce poverty and transform economies, with a particular focus on Africa. We review key
sectors — automation and Al, fintech, healthcare, energy, agriculture, education, and digital
infrastructure — where modernization is accelerating growth and improving welfare. Evidence
from recent studies and development programs shows that access to mobile broadband and
digital finance has significantly raised incomes and lifted millions out of extreme poverty in Sub-
Saharan Africa [1][2]. Off-grid renewable energy and telemedicine are bridging critical
infrastructure gaps, delivering affordable electricity and healthcare to underserved populations
[3][4]. Yet, these opportunities come with challenges: unequal access, skill deficits, and the risk
of widening inequalities if technology’s benefits are not broadly shared. Achieving the promise
of inclusive modernization will require supportive policies — investment in infrastructure,
education, and governance — to ensure innovations spread quickly and equitably. The 21st
century will be defined not only by breakthrough technologies, but by how effectively they are

harnessed to optimize societies and lift billions out of poverty.
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Introduction

Modernization in the 21st century is characterized by an unprecedented pace of technological
change and its global reach. The exponential advance of scientific knowledge, coupled with
faster translation of that knowledge into practical applications, means that new innovations
spread and take hold at “breathtaking” rates [5]. As a result, many developing societies are able
to leapfrog older development pathways, adopting cutting-edge solutions without going through
the protracted intermediate stages that today’s rich countries once did [6]. For example, mobile
phones have rapidly brought communications and financial services to millions in Africa, despite
the continent’s sparse landline and banking infrastructure [7]. This global diffusion of
technology is reshaping living standards: more people than ever have access to tools and services
that improve productivity, health, and education, contributing to poverty reduction on a massive

scale.

The stakes are high. After two decades of progress, global extreme poverty has flattened or even
risen in recent years (due in part to COVID-19 and other shocks), leaving about 719 million
people — roughly 9.2% of the world’s population — living on less than $2.15 per day [8]. Poverty
is increasingly concentrated in Africa and South Asia, with about 60% of the world’s extreme
poor in Sub-Saharan Africa alone as of 2019 [9]. Traditional development models have
struggled to rapidly improve livelihoods in these regions. However, the diffusion of affordable
technologies — from cheap solar panels to mobile internet — offers new hope of accelerating
progress. By lowering the cost of essential goods and services, expanding access to information,
and creating new economic opportunities, technology can directly address many causes of

poverty.
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This paper provides an overview of how technological diffusion and societal optimization can
drive poverty reduction in the 21st century. We use the term “societal optimization” to mean the
improvement of social and economic systems through innovation — effectively, tuning
institutions, infrastructure, and processes to maximize well-being and efficiency. Key
questions include: In what ways are developing countries leveraging modern technology to
“leapfrog” traditional growth stages? How do innovations in various sectors — finance,
agriculture, health, energy, education, governance — translate into poverty alleviation and
inclusive growth? And what challenges must be managed to ensure these benefits reach
everyone? Throughout, our discussion takes a global view with an emphasis on Africa, where

both the needs and the opportunities for leapfrogging are greatest.

We begin by outlining the concepts of modernization and technological leapfrogging, grounding
them in economic theory and current development trends. Next, we examine empirical evidence
of technology’s impact on growth and poverty, including recent studies from African
countries. We then explore sector-specific transformations that are optimizing societal
outcomes: digital financial inclusion, agricultural innovation, healthcare delivery, sustainable
energy, automation in industry, educational technology, and improved governance. Finally, we
discuss the risks and policy implications — what is needed to foster equitable technological
diffusion and mitigate potential downsides. The goal is to provide a comprehensive and balanced
overview of how 21st-century modernization can uplift billions of people, if its promise is fully

realized.



Modernization, Technological Diffusion, and Leapfrogging: Conceptual

Framework

Modernization theory traditionally described development as a linear progression through stages
— from agrarian to industrial to high-tech economies — often following the historical paths of
Western countries. In the 21st century, this paradigm is being upended. The concept of
technological leapfrogging has gained prominence, reflecting the idea that late-developing
nations can skip over certain stages of development by directly adopting modern technologies
and practices [6]. Leapfrogging occurs when technology is used to solve a problem or radically
improve a process, making older systems obsolete [10]. It is inherently disruptive: it “destroys
the value of ‘old’ approaches and presents ways of doing things where it was not previously
possible” [10]. For example, using mobile banking apps instead of building a network of
physical bank branches, or deploying solar mini-grids in villages that never had a national
electric grid, are leapfrog advances. Such innovations can compress decades of development into

a much shorter period.

Two features distinguish contemporary technological diffusion. First is the exponential rate of
progress. Each generation of tech builds on the last, accelerating the pace of change [5]. What
once took decades to spread (like electrification or fixed-line telephones) can now happen in a
few years (consider the rapid spread of mobile phones and broadband). Second, the global reach
of innovation is broader than ever. As soon as a technology becomes cheaper and widely
produced, it often finds its way to far-flung markets. The result is that many developing countries
are not just playing catch-up; in some domains, they are early adopters or innovators

themselves. Africa, for instance, has been a world leader in mobile money services, adopting
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fintech solutions at scale before some wealthier regions did [11]. This indicates that
modernization today is a more networked and interdependent process, rather than a strictly

sequential or isolated national journey.

From an economics perspective, technological diffusion is a key driver of productivity growth
and convergence. Classic growth models (Solow’s model and its extensions) identify
technological progress as a principal factor for increasing output per capita. When developing
nations acquire advanced technologies (whether machines, software, or techniques), they can
boost total factor productivity and thus raise incomes. Recent empirical research supports this: a
study of 17 African countries found that narrowing the technological gap (measured via total
factor productivity relative to the global frontier) had a significant poverty alleviation effect in
those countries [12]. In other words, as African nations adopted more modern production
methods and innovations, poverty rates declined — underlining the “important role played by
technological progress in alleviating poverty” [12]. However, the same study noted the effect
was not as strong as in China’s case, implying that simply acquiring technology is not a panacea;
complementary factors like skills, infrastructure, and institutions determine how effectively

technology translates to broad-based welfare gains [13].

Modernization in this era also implies societal optimization — using data and technology to
improve the efficiency and inclusiveness of social systems. This includes optimizing supply
chains, public service delivery, urban planning, and resource use. For example, ride-hailing apps
optimize urban transport; e-government systems streamline administrative processes; and digital
marketplaces make commerce more efficient. These improvements reduce transaction costs and
can especially benefit the poor (who have the least capacity to bear high costs and inefficiencies).

A society that leverages technology to optimize its functions can achieve more output with the
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same resources, effectively accelerating development. In short, the convergence of global
technological diffusion and efforts to optimize societal systems defines the new modernization

narrative.

It is important to note that technology is not a “magic bullet” detached from broader
development fundamentals. As the World Economic Forum’s Saadia Zahidi observes, the Fourth
Industrial Revolution offers opportunities to level the playing field across economies through
idea diffusion and new value creation, “but technology is not a silver bullet on its own.
Countries must invest in people and institutions to deliver on the promise of technology.”
[14]. Good governance, education, infrastructure, and stable policies remain crucial ingredients
for modernization [15]. In the absence of these, technology could even exacerbate inequalities —
a theme we will revisit in discussing challenges. Thus, a balanced approach to 21st-century
modernization acknowledges both the transformative potential of technological diffusion and the

foundational investments needed to make that transformation inclusive.
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Global Trends in Technological Diffusion and Development

Around the world, the past two decades have seen developing countries rapidly adopt a range of

new technologies. This global diffusion is evident in indicators such as mobile phone

subscriptions, internet use, and access to basic infrastructure:

Mobile Connectivity: In 2000, only a tiny fraction of Africa’s population had a mobile
phone; by 2020, there were over 1 billion mobile connections in Africa, translating to
hundreds of millions of unique mobile users. Mobile broadband (3G/4G) has expanded
especially quickly. For example, Nigeria saw mobile broadband coverage jump from
21% to 51% of the population between 2010 and 2015 alone [16]. As of 2019, Nigeria
had more than 170 million mobile connections, 60% of which were using 3G or 4G
[17]. Across Sub-Saharan Africa (SSA), mobile broadband is the primary mode of
internet access — there were 34 mobile broadband subscriptions per 100 people by 2017,
compared to virtually zero fixed-line broadband in many areas [ 18]. This story repeats
across South Asia, Latin America, and other regions: affordable handsets and cellular

networks have connected populations that never had landlines.

Internet and Digital Services: Along with basic connectivity, access to digital services
has grown. E-commerce platforms, social media, digital banking, and online information
are increasingly available even in low-income countries. By the mid-2020s, roughly two-
thirds of people in developing countries use the internet in some form, though often still
intermittently or through shared devices. The gap with advanced economies is closing
gradually. However, it’s notable that a quarter of Sub-Saharan Africa’s population

still lives outside mobile broadband coverage (as of 2020), compared to just 7%
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globally [19]. Thus, while progress is rapid, significant digital divides remain in
coverage, quality, and affordability of internet access. The COVID-19 pandemic
highlighted both the importance of digital connectivity for resilience (enabling remote
work, education, and access to information) and the cost of exclusion, as those without

internet were disproportionately cut off from services [20].

Energy and Infrastructure: Technological diffusion is also evident in infrastructure
development. Many developing regions are embracing renewable energy technologies
faster than expected, because costs for solar panels, wind turbines, and batteries have
plummeted. Decentralized solutions like off-grid solar have proliferated in areas
unserved by traditional power grids. Between 2020 and 2022, off-grid solar solutions
provided 55% of new electricity connections in Sub-Saharan Africa, highlighting a
leapfrog over central grid expansion [21]. Over 560 million people worldwide now
benefit from off-grid solar for powering homes, farms, and businesses, and with the right
investments this could scale to 1 billion by 2030 [22]. In transportation, while much of
Africa and South Asia still lacks highways or rail, some countries are adopting innovative
approaches like drone delivery networks (for high-value, time-sensitive cargo such as
medical supplies) that leapfrog poor road infrastructure. Digital infrastructure — fiber
optic cables, mobile towers, satellite internet — is steadily improving connectivity in even
remote regions. These infrastructure advances are foundational: they not only improve
daily life but also create platforms on which other innovations (education tech,

telemedicine, e-commerce) can thrive.

Social Indicators: The ultimate measure of technological diffusion is its impact on

human development. On this front, global trends are cautiously optimistic. Many
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countries have seen improvements in literacy, health outcomes, and income partly
attributable to technology. For instance, global literacy has inched up in the last two
decades and access to information via mobile phones is one contributing factor, as even
rural populations can receive texts or calls about educational programs. Child mortality
has continued to fall worldwide, and while this is due to many factors (like vaccines and
public health), technology — such as mobile health messaging for mothers, or drones
delivering medical supplies — has played a growing role. What’s striking is that a
convergence in living standards is possible if latecomers quickly adopt effective
technologies. The speed of catch-up can be much faster now than historically: it took
about 50 years for electricity to reach most households in the West, but mobile phones
achieved similar penetration in Africa in just 20 years. This acceleration gives hope that
essential improvements in quality of life (clean water access, electricity, communication,
financial access) can be achieved in the coming one or two decades for the majority of

the world’s poor, rather than needing several generations.

Despite these positive trends, inequalities in diffusion persist. Within countries, urban areas
enjoy better connectivity and services than rural areas; wealthier and more educated groups
adopt new tech faster than the poor. Between countries, the least developed nations (like Chad,
South Sudan, DRC) still lag far behind emerging economies in Asia or even peers in Africa on
many tech metrics. For example, by 2018 only about 53% of Africa’s population had access to
electricity, compared to over 90% in the rest of the world (outside Africa) [23]. Even within
Africa, just three countries (South Africa, Egypt, Algeria) accounted for over half of all
electricity generation on the continent [24]. These gaps show that while modernization is

underway globally, it is not uniform. The challenge is ensuring that diffusion is broad-based,


https://link.springer.com/chapter/10.1007/978-3-030-46590-2_10#:~:text=about%2053,to%20study%20longer%20at%20night
https://link.springer.com/chapter/10.1007/978-3-030-46590-2_10#:~:text=Currently%20Africa%20generates%20very%20little,equal%20Africa%E2%80%99s%20total%20installed%20capacity

reaching into the poorest communities. Encouragingly, the inherent cost trajectory of many
technologies is downward (e.g. the cost of mobile data, solar panels, generic medications, etc.,
tends to decline over time), which means affordability should improve. The role of policy and
global cooperation is to accelerate this process and remove barriers so that technological

benefits reach the last mile.



Leapfrogging and Societal Optimization in Developing Economies

The term “leapfrogging” encapsulates how developing economies can harness technology to
fast-track modernization. Nowhere is this more evident than in Africa. As Cilliers (2021) notes,
technological innovation and leapfrogging “are imperative to Africa’s future” and will shape
development on the continent in hard-to-predict ways [25]. This imperative arises because Africa
historically trails in traditional infrastructure (power grids, roads, water systems) and industrial
development, yet it can avoid the path dependency of older methods by jumping to newer, more
efficient solutions [26][27]. For example, instead of investing decades in copper landlines,
African countries moved straight to mobile networks for telecommunication — a classic leapfrog
that made fixed lines largely redundant. Instead of expanding coal power plants and centralized
grids to every village (a very slow and capital-intensive path), countries are increasingly turning
to solar home systems and mini-grids to bring electricity to rural areas [28][29]. These choices
represent a form of societal optimization — finding smarter, cheaper, faster ways to deliver

services and raise living standards.

One concrete demonstration of leapfrogging’s impact is found in scenario analyses of Africa’s
future. A “Leapfrogging scenario” modelled by Cilliers (2021) shows significantly higher
growth and lower poverty on the continent by 2040 compared to a business-as-usual path [30]. In
this scenario, African governments fully exploit new technologies and the digital economy. The
results are striking: for instance, Nigeria’s GDP in 2040 is projected to be $125 billion larger
under the leapfrogging scenario than under the current trajectory [31]. More importantly, the
poverty headcount drops markedly — in low-income countries like Madagascar, the extreme

poverty rate in 2040 would be 13 percentage points lower than it would be without
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leapfrogging (using the $1.90/day poverty line) [30]. Even some lower-middle-income countries
(e.g. Sdo Tomé and Principe) could reduce poverty rates by 5 points more than the baseline by
leveraging tech-driven development [30]. These modeled outcomes align with the idea that
technology can unlock latent potential: it boosts productivity, creates new sectors (digital
services, renewable energy jobs), and makes growth more inclusive, thus cutting poverty. The
scenario also found a slight reduction in inequality across Africa under accelerated tech adoption

[32].

Real-world evidence backs up these optimistic projections. The diffusion of mobile technology
in particular has already yielded measurable poverty reduction effects. A World Bank and
GSMA study in Nigeria examined the rollout of mobile broadband (3G/4G) across the country
in the 2010s and found causal impacts on household welfare [16][33]. When previously
unconnected communities gained broadband coverage, their consumption increased and poverty
rates declined relative to communities still offline. After one year of mobile broadband
availability, household consumption rose ~6% on average; after two years, it was up 8% [33].
Correspondingly, extreme poverty ($1.90 line) fell by about 4 percentage points in the first year
and 7 percentage points after two or more years of broadband exposure [1]. These are large
effects — roughly 2.5 million Nigerians were lifted out of extreme poverty due to mobile internet
expansion, with the greatest benefits accruing to rural households [1]. The connectivity enabled
access to information, markets, financial services, and communication that improved income
opportunities and quality of life. Similarly, research in Kenya showed that the spread of mobile
money services (like M-Pesa) allowed households to save more and invest in business activities,
resulting in higher consumption levels. By 2016, increased access to mobile money had lifted

roughly 194,000 Kenyan households (2% of households) out of extreme poverty by raising
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their incomes above $1.25 a day [34][2]. Notably, these gains were especially strong for women:
mobile money helped an estimated 185,000 women in Kenya move from subsistence farming
into business or retail, indicating not just poverty reduction but an increase in financial

independence and economic mobility for disadvantaged groups [35].

Such examples illustrate how inclusive diffusion of innovation can optimize societal outcomes.
Financial technology enabled more efficient financial flows and safety nets for the poor;
broadband enabled knowledge transfer and market linkages; both optimized what people could
do with their resources and time. We can interpret these developments as improving the
“operating system” of society — making transactions easier, reducing information asymmetries,
and expanding access to services that were previously out of reach. In turn, these optimizations
translate to concrete welfare improvements: higher incomes, better consumption smoothing, and
resilience against shocks (for example, mobile money users can receive remittances quickly in a

crisis, helping them avoid destitution).

Another domain of leapfrogging is governance and public service delivery. Some developing
countries are using digital tools to overhaul how government interfaces with citizens —
effectively optimizing institutions. For instance, digital ID systems and e-government platforms
(such as India’s Aadhaar and associated payment systems, or similar initiatives in Africa) allow
for direct cash transfers to citizens without intermediaries. This reduces leakage from corruption
and ensures the poor get the full benefit of aid or pensions. Indeed, analysts argue that digital
technology can enormously increase states’ ability to undertake cash transfers and social
grants to their citizens [36]. By bypassing cumbersome bureaucracy and using mobile wallets or
bank accounts linked to biometric IDs, governments can quickly deliver assistance to millions —

as seen during the pandemic when several countries in Africa leveraged mobile money to send
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emergency funds to vulnerable households. This kind of institutional leapfrogging means
developing countries don’t have to wait to have an extensive brick-and-mortar banking system or
postal system to implement welfare programs; they can use digital rails to do so immediately.
The outcome is a more optimized, responsive safety net — a critical factor in poverty reduction

and societal resilience.

In summary, the leapfrogging phenomenon demonstrates a new pattern of modernization: non-
linear, tech-driven, and rapid. It provides a mechanism for countries to catch up with — or even
surpass — traditional development benchmarks by skipping inefficiencies. However, it is not
automatic. Each leap requires enabling conditions (policy support, human capital, etc.) and
entails disruption to older ways of doing things. The following sections delve into specific
sectors where leapfrogging and technological diffusion are having transformative effects, and

how these contribute to poverty reduction and societal optimization.



Technological Innovations Transforming Key Sectors

Modernization through technology is multi-faceted, touching virtually every sector of the
economy and society. In this section, we examine several domains — finance, agriculture,
healthcare, energy, industry, education, and governance — where innovations are driving
change. For each, we highlight how the diffusion of new technologies in the developing world is

improving efficiency (optimization) and promoting inclusive growth that benefits the poor.
Digital Finance and Financial Inclusion

One of the clearest success stories of technological diffusion in development is the fintech
revolution in emerging markets. The spread of mobile phones paved the way for digital financial
services that have brought millions of “unbanked” people into the formal economy. Mobile
money, which originated in Kenya with M-Pesa in the mid-2000s, is now used across Africa and
Asia to send payments, save, borrow, and purchase services via simple mobile handsets. The
impact on poverty and welfare has been significant. As mentioned, the expansion of mobile
money in Kenya over roughly a decade lifted 2% of households out of extreme poverty, as it
increased per capita consumption and helped especially female-headed families to diversify their
incomes [34][37]. Access to a safe, convenient store of value and the ability to instantly receive
funds (for example, from relatives or for crop sales) has enabled households to better weather

financial shocks and invest in productive activities.

Mobile phones in rural Africa are “ranked highly among the factors credited with reducing
poverty in the region” [38]. In remote villages where most people lack bank accounts or secure
ways to save money, mobile technology offers a lifeline. It allows for basic financial functions:

people can deposit small amounts, send remittances, and make payments for school fees or
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seeds without traveling long distances to a bank (which they might not even be eligible to use).
Research has found that when rural areas get mobile network coverage, they experience
improvements in market efficiency and incomes. A famous example is the introduction of
cellphones in Niger’s grain markets, which reduced price dispersion and enabled farmers to earn
more by timing and locating sales better [39]. Similarly, fishermen in Kerala, India, increased
their profits and reduced waste by using mobile phones to check market prices at different ports
(Jensen, 2007, QJE). These early studies showed how simple 2G technology (voice calls and
SMS) could improve livelihoods; now 3G/4G data services multiply those benefits by supporting

banking apps, information services, and trading platforms.

Beyond mobile wallets, fintech includes a range of innovations now diffusing globally: micro-
loan platforms, crowdfunded financing, insurtech (micro-insurance via mobile), and digital credit
scoring using phone data. In East Africa, for example, services like M-Shwari and Tala provide
small loans to users based on algorithms analyzing their mobile phone usage and repayment
history. This gives entrepreneurs and farmers quick access to credit, which can be invested in
inventory or inputs. While predatory lending is a concern, when properly managed such credit
can boost business activities for those who lack collateral for traditional bank loans. Another
example is the rise of agent banking and point-of-sale devices that extend banking services into
underserved neighborhoods via local shops, often enabled by mobile connectivity. By
dramatically lowering the cost of service delivery, fintech allows financial inclusion to penetrate

communities that were previously too costly for banks to reach.

Financial inclusion is recognized as a key enabler of development — it helps people manage
irregular incomes, build assets, and respond to emergencies, thus reducing the likelihood of

falling (or staying) in poverty. The World Bank’s Global Findex data shows that between 2011
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and 2017, 515 million adults gained a financial account, and the share of adults in developing
economies with an account rose from 51% to 63%. A large part of this leap was due to mobile
money accounts in Sub-Saharan Africa, where around one in three adults now has a mobile
money account — the highest rate globally [38]. Fintech has also opened “new opportunities for
women”, as GSMA reports indicate that mobile financial services help narrow the gender gap by
giving women more control over finances and privacy in transactions [40]. For instance, women
who can save money on their phone are better able to keep earnings secure and reinvest in their

families.

The optimization of financial systems via technology has economy-wide benefits too.
Governments can distribute payments (like social transfers or public sector salaries)
electronically, reducing leakage and delays. Small businesses can more easily accept digital
payments, expanding their customer base. And the overall costs in the economy (time spent
traveling to banks, fees for money transfers, losses from theft) are reduced. A Bloomberg
analysis noted that reducing the cost of living for low-income households — for example by
lowering the “poverty premium” they pay for basic financial services — can directly cut poverty
levels [41]. Technology is a key tool in driving down these costs. One concrete example: a
domestic remittance in Kenya via mobile money costs a tiny fraction of what it would cost via
bus or informal courier. As digital finance continues to evolve (e.g. with the advent of fintech
apps, crypto assets, and interoperability between systems), developing countries have the chance

to further optimize their financial sector for inclusion and efficiency.
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Agricultural Innovation and Food Security

Agriculture remains the backbone of livelihoods for billions in the developing world — including

the majority of the world’s extreme poor. Roughly 1.4 billion people living under $1.25/day

rely on agriculture for their livelihoods [42]. Thus, increasing agricultural productivity and

sustainability is one of the most direct routes to poverty reduction. Traditionally, agriculture in

regions like Africa has been plagued by low yields, limited market access, and high vulnerability

to weather and price shocks. Technological modernization in agriculture — often termed

“agritech” or digital agriculture — aims to change this by equipping farmers with better tools,

information, and practices.

Key innovations transforming agriculture include:

Improved Crop Varieties and Biotech: Advances in agronomy and biotechnology have
produced high-yielding and stress-tolerant crop varieties (including hybrids and,
controversially, GMOs). These varieties can significantly raise farm output when
combined with proper inputs. For instance, new drought-tolerant maize varieties
developed for African climates can produce harvests in conditions that would devastate
conventional crops. Improved seed distribution, along with fertilizers and training, has
boosted yields in countries like Ethiopia and Rwanda, contributing to rapid reductions in

poverty and hunger over the past 15 years.

Precision Agriculture: While often associated with GPS-guided tractors on big farms,
precision agriculture technologies are also being adapted to smallholders. This includes
the use of sensors, soil testing kits, and mobile apps to guide farmers on when to plant,

how much to water or fertilize, and how to control pests. Simple versions of this are text
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message advisories: for example, agricultural extension services send SMS alerts about
an upcoming drought spell or pest outbreak so farmers can prepare. Studies have shown
that even basic ICT interventions can help — one experiment in Uganda and Tanzania
found that sending weather forecast SM'S messages led farmers to adjust planting dates
and improved yields. Another program in Kenya that sent SMS advice on better farming
practices led to an 11.5% increase in yields for farmers receiving the messages

compared to a control group [43]. These gains directly translate to more food and income.

Digital Market Information and Supply Chains: One classic problem for small
farmers is getting fair prices for their produce. Mobile phones and radios have been used
to broadcast market prices, reducing information asymmetry between farmers and traders.
More recently, digital platforms are emerging that connect farmers directly with buyers
or processors, cutting out some middlemen. For instance, services like Esoko (in West
Africa) or M-Farm (Kenya) allow farmers to see current prices in different markets and
sometimes to collectively negotiate sales. This “disintermediation” can increase farmers’
share of the final price. There are also innovations in supply chain management — e.g.
using blockchain or simple databases to trace products (like coffee or cocoa) from farm to
retail, potentially giving small producers more bargaining power if they can certify

quality or origin.

Mechanization and Automation: At a smaller scale, a number of startups offer farm
machinery services on a pay-per-use model. For example, Hello Tractor (sometimes
dubbed “Uber for tractors”) in Nigeria enables farmers to hire tractors and equipment on
demand via a mobile app, making mechanization affordable to those who cannot buy

large machines. Drones are also being used for crop spraying or monitoring in some
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emerging economies. While widespread automation of agriculture (like robot harvesters)
is not yet a reality in most developing regions, incremental mechanization greatly boosts

productivity by saving labor and time.

¢ Remote Sensing and Insurance: Satellite imagery and remote sensing data are now used
to monitor crop health and estimate yields in real time. This information is valuable for
governments and can help anticipate food shortages. It also underpins index-based
insurance for farmers — e.g. insurance payouts triggered by satellite-measured drought
conditions, which removes the need for costly field loss assessments. In Kenya and India,
such insurance products have started to protect farmers from climate-related losses,

preventing them from falling into poverty when rains fail.

All these technologies aim at “improving productivity, profitability, and sustainability of
smallholder farming”, identified as a key solution for fighting poverty [44]. By increasing
yields and reducing losses, farmers can earn more income and spend less on coping with
disasters. Indeed, growth in agriculture is known to be especially poverty-reducing — studies
show that GDP growth from agriculture benefits the poorest much more than equivalent growth

from manufacturing or services, because the poorest are directly involved in farming.

Importantly, agricultural modernization is not just about gadgets; it often requires knowledge
transfer and organizational innovation. Farmer training via digital video, mobile-based peer
learning networks, and WhatsApp groups for farmers are ways technology spreads know-how.
Climate-smart agriculture practices (such as conservation farming, agroforestry, using
drought-tolerant crops) are being disseminated with the help of mobile tools and community

radio, helping farmers adapt to climate change and maintain production. The cumulative effect is
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that many regions are seeing a break from stagnation in agriculture. For example, Ethiopia
doubled its cereal yields between 2000 and 2018 through a combination of improved seeds,
extension, and favorable policies — millions of Ethiopians moved out of poverty in that period,

largely thanks to better farm incomes.

Still, challenges remain. Not all farmers have access to these innovations yet; cost and literacy
barriers exist. But as the THRIVE Project article emphasizes, expanding cultivation area is no
longer a viable option to meet growing food demand — the solution must be raising
productivity through technology [45]. By making better use of land and labor, and doing so
sustainably, agricultural technology directly contributes to “the subsequent reduction of
poverty and its dimensions.” [46] When farm surplus increases, it also stimulates rural
economies (through demand for services, processing, transport) and creates employment beyond
agriculture [47]. In this way, modernizing agriculture can have a multiplier effect, driving broad

economic development in predominantly agrarian societies.

Healthcare and Telemedicine

Healthcare in many developing countries has long been marked by scarcity: too few doctors and
clinics, vast distances between patients and providers, and limited resources. Technology is now
starting to bridge some of these gaps, heralding what one might call a “digital health leapfrog.”
The COVID-19 pandemic further accelerated the adoption of telemedicine and health tech
solutions out of necessity. In Africa, which carries a high disease burden and low health worker

density, these innovations are particularly transformative.

Telemedicine — remote delivery of medical services via telecommunications — has grown rapidly

across Africa and South Asia. As of 2024, telemedicine platforms in Africa have reached over
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100 million people, offering everything from virtual doctor consultations to SMS health
education [48]. This is remarkable given that, just a decade or two ago, access to a doctor was
exceedingly rare in many rural African communities. With over 600 million Africans lacking
access to essential healthcare facilities, telemedicine now offers a vital “bridge, delivering
timely and affordable medical services” to underserved populations [49]. Countries like Rwanda
and Kenya have integrated telemedicine into their national health strategies [50], partnering
with private tech firms and NGOs to expand coverage. For example, Rwanda’s government, in
collaboration with Babylon Health, launched virtual consultations available via mobile phone — a
patient can dial a short code and get connected to a doctor or nurse remotely. Similarly, Nigeria
and Ghana have seen telehealth startups provide call-in or app-based medical advice, which

became especially useful during the pandemic lockdowns.

The benefits of telehealth manifest in several ways:

e [t mitigates the problem of distance. Patients in remote villages can consult specialists in
cities (or even in other countries) without expensive travel. The African Leadership
Magazine reports cases like a three-year-old boy in rural Nigeria with cerebral palsy,
whose condition was managed by international specialists via telehealth, significantly
improving outcomes [51]. Another case is in Ethiopia, where a virtual neuroscience
education program (BORNE) connected local providers with stroke specialists abroad,

helping reduce stroke mortality by enabling faster, expert-guided care locally [52].

e It addresses the shortage of medical professionals. With some African countries having as
low as I doctor per 10,000 people [53], telemedicine allows the few available experts to

extend their reach. A single doctor can supervise or advise multiple mid-level health
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workers in remote clinics through tele-consultations. This not only directly treats patients
but also builds local capacity via knowledge transfer. Platforms like Vula Mobile in
South Africa enable rural health workers to send cases and images to urban specialists

and get guidance on treatment [54], improving quality of care.

e It reduces costs and makes care more affordable. Telemedicine cuts down on travel and
wait times. According to UNICEF, telemedicine initiatives have reduced patient travel
costs by up to 40% for low-income families [55]. This is significant, as out-of-pocket
travel and lodging expenses often deter rural patients from seeking care at all. Moreover,
by catching illnesses early (through remote screenings or consultations), telemedicine can

prevent more expensive complications.

e It enables continuous care and health education. Mobile health (mHealth) apps send
medication reminders, prenatal care tips, or HIV treatment support messages to patients,
ensuring better adherence to health regimes. During COVID-19, many countries used
SMS and apps to disseminate public health information quickly, reaching populations

that might not have access to TV or newspapers.

Beyond telemedicine, other health innovations are spreading: drones for medical deliveries
(e.g., Zipline drones delivering blood and vaccines in Rwanda and Ghana) have cut delivery
times to remote clinics from hours to minutes, literally saving lives in emergency cases. Al-
powered diagnostic tools on smartphones can now diagnose conditions like skin diseases or
analyze x-ray images, assisting health workers where specialists are absent. For instance, in some
clinics a nurse can use an app with a phone camera to screen for cervical cancer or eye disease,

and an Al algorithm helps interpret the images, flagging those that need further attention.
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The cumulative effect of these technologies is an optimization of healthcare systems: making
them more accessible, efficient, and equitable. Telemedicine is “stitching together fragmented
systems and providing a lifeline for millions™ in Africa [56]. It helps work towards universal
health coverage by expanding reach. International organizations have noted concrete
improvements: maternal and child telehealth programs supported by WHO and UNICEF have
lowered mortality rates by as much as 20% in some regions through better monitoring and
advice [57]. Africa’s embrace of telemedicine sets a precedent for how technology can overcome
entrenched disparities — ensuring that “no patient is too distant and no condition beyond care”

[58].

Nevertheless, challenges like poor internet connectivity, limited electricity, and the need for
training still limit telehealth’s impact in certain areas [59]. Innovative solutions (like solar-
powered digital clinics, or offline consultation tools) are being used to tackle these. As
infrastructure improves, the digital health revolution is likely to accelerate. Telemedicine
platforms aim to double their coverage to reach 200 million Africans within a few years [60]. If
achieved, this will bring essential care within reach of a huge segment of the population,
contributing to a healthier, more productive society — and health improvements are tightly linked
to poverty reduction, as healthier individuals have higher earning potential and face fewer

catastrophic medical expenses.

In sum, the modernization of healthcare via technology exemplifies societal optimization: using
digital tools to maximize the reach and quality of limited medical resources. It is a compelling
example of leapfrogging — rather than waiting to train tens of thousands of new doctors (which
will take decades), countries can augment their current health workforce with technology right

now to save lives. Healthier societies are both a moral end and an economic means (health is a
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form of human capital), and technology is proving to be a critical catalyst in achieving this in the

developing world.

Energy Access and Sustainable Power

Access to affordable and reliable energy is a cornerstone of modernization — without it,
opportunities for industrial growth, education (think lighting for studying), healthcare (powering
clinics), and overall quality of life are severely constrained. Yet energy poverty remains
widespread in regions like Sub-Saharan Africa, where, as noted, nearly 600 million people lack
access to electricity [61]. Traditional approaches to electrification — extending centralized power
grids and building large power plants — have been slow and costly, often leaving remote and
rural communities behind. Here, technology is enabling a paradigm shift: a move towards

decentralized, clean energy solutions that can leapfrog the conventional grid expansion.

Renewable energy technology, especially solar, has become the linchpin of efforts to rapidly
expand electricity access. Solar photovoltaic (PV) panels have seen drastic cost reductions (over
80% decline in cost per watt in the last decade), making them an attractive option in sunny
developing countries. The advent of off-grid solar home systems and mini-grids means that
even where the national grid doesn’t reach, households and villages can generate their own
power. According to a 2024 World Bank report, off-grid solar is now the most cost-effective
way to provide first-time electricity for about 41% of the people who will still lack access by
2030 [21][62]. In fact, off-grid solar already accounted for 55% of new electricity connections in
SSA from 2020-2022 [21]. More than half a billion people are estimated to be benefiting from

off-grid solar lighting and power globally [63].


https://link.springer.com/chapter/10.1007/978-3-030-46590-2_10#:~:text=Brazil%20or%20China,to%20an%20improved%20sanitation%20facility
https://www.worldbank.org/en/news/press-release/2024/10/08/off-grid-solar-could-provide-first-time-electricity-access-to-almost-400-million-people-globally-by-2030#:~:text=Nairobi%2C%208%20October%202024%E2%80%94Off,of%20the%20unelectrified%20population%20lives
https://www.worldbank.org/en/news/press-release/2024/10/08/off-grid-solar-could-provide-first-time-electricity-access-to-almost-400-million-people-globally-by-2030#:~:text=people%20will%20remain%20without%20access,of
https://www.worldbank.org/en/news/press-release/2024/10/08/off-grid-solar-could-provide-first-time-electricity-access-to-almost-400-million-people-globally-by-2030#:~:text=Nairobi%2C%208%20October%202024%E2%80%94Off,of%20the%20unelectrified%20population%20lives
https://www.worldbank.org/en/news/press-release/2024/10/08/off-grid-solar-could-provide-first-time-electricity-access-to-almost-400-million-people-globally-by-2030#:~:text=%2A%20The%20off,system%20that%20increases%20affordability%20for

The impact of these systems on poverty and daily life is profound. Electric light allows children
to study at night and businesses to stay open later. Small solar kits often come with LED bulbs,
phone chargers, and radios or TVs, bringing both information and productivity tools to
households. Perhaps just as importantly, solar systems replace expensive and dangerous
alternatives like kerosene lamps and diesel generators. In many African countries, poor families
spent significant portions of their income on kerosene for lighting (which provides weak light
and emits toxic fumes) or on charging phones at market centers. Now, a basic solar home system
can eliminate those costs after the upfront investment (often financed through pay-as-you-go
plans). For instance, a typical electricity price in Africa is around $0.14 per kWh — several
times higher than in other regions [64] — partly because many rely on costly generators and
inefficient utilities. Off-grid renewables promise to bring down these costs in the long run by

providing free fuel (sun/wind) and tailored sizing for local needs.

Larger implications of the clean energy leapfrog include enabling other services: pumping
water for irrigation, powering cold storage for vaccines or food (reducing spoilage), and
running machinery for local enterprises. As Qimiao Fan of the World Bank noted, providing
access to affordable, clean electricity is “critical for lifting people out of poverty” while also
protecting the planet [3]. Recognizing this, initiatives like the World Bank/AfDB’s “Mission
300” aim to connect 300 million Africans to electricity in 6 years, with off-grid solar playing a
central role [65]. The idea is that a bold commitment to distributed energy can rewrite Africa’s

energy future much faster than the traditional route of national grid build-out.

In addition to solar, other renewable sources and tech advances are being leveraged: wind
turbines are being installed (Kenya has Africa’s largest wind farm at Lake Turkana, providing

310 MW, which is over 15% of Kenya’s capacity) [66]. Micro-hydro installations in hilly rural
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areas and geothermal plants (notably in Kenya and Ethiopia) add to the mix. These renewables,
being modular, can often be deployed quicker than a big coal or gas plant. Africa’s potential is
huge — for example, Ethiopia’s geothermal potential is estimated at 10 GW, and innovative
marine current projects in South Africa could generate power equivalent to the entire country’s

current capacity [67][68].

The modernization of energy systems also ties into climate goals. Developing countries are
increasingly able to pursue a cleaner growth path thanks to cheaper renewables, avoiding some
of the heavy fossil fuel dependency that characterized earlier industrializers. This is beneficial
not only environmentally but economically, as countries can shield themselves from volatile oil
prices and leverage free local resources (sun, wind). The scenario in The Future of Africa
forecast that fossil fuel use in Africa might plateau by the 2030s and decline afterwards,
overtaken by non-fossil sources by mid-century [69]. If realized, this means future African

development would be far more sustainable and self-reliant energy-wise.

To be balanced, it’s important to note challenges: renewable solutions often face hurdles like the
need for energy storage (batteries) to handle intermittency, and financing obstacles for the
poorest households to afford even the cheapest solar kits. Also, heavy industries still require
reliable high-voltage power — something that mini-grids might not easily supply. So, grid
expansion and large power projects still have a role, but they might focus on industrial clusters

while communities get leapfrogged with local solutions.

In summary, the energy sector is witnessing a leapfrog akin to the telecom sector’s mobile
revolution. Decentralized renewables and innovative delivery models (like pay-as-you-go solar)
constitute a societal optimization of energy provisioning — bringing power in a way that is both

faster and more tailored to needs than the old central-grid model. The payoff is immense: energy
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access underpins improved education, health, and economic activity, thereby attacking poverty
on multiple fronts. As one energy expert succinctly put it, “electricity for households...allows
children to study longer at night and businesses to operate, while eliminating the need to use
traditional fuels that cause respiratory illness”, thereby directly improving human development
[23][70]. By spreading such benefits widely, technology is helping ensure that modernization

includes lighting up the homes and hopes of the world’s poor.

Automation, Al, and the Future of Work

Automation and artificial intelligence (Al) are often seen as the cutting edge of technological
optimization, promising huge gains in efficiency. In the context of developing countries, these
technologies present a two-sided coin: on one side, they offer ways to boost productivity and
create new solutions to local problems; on the other, they raise concerns about job displacement
and widening inequality if not managed well. The narrative of modernization must incorporate
both the opportunities and the precautions associated with automation and Al as they diffuse

globally.

On the opportunity side, automation technologies (from simple mechanization to advanced
robotics) can help countries overcome constraints in labor-intensive or dangerous tasks. For
instance, in manufacturing, cheap collaborative robots (“‘cobots”) can assist in tasks like
assembly or packaging, making small factories more efficient and competitive. Some developing
countries, such as China and Vietnam, are already heavy users of industrial robots in sectors like
electronics and automotive. Although Africa currently lags in manufacturing, there are examples
like Ethiopia’s nascent garment factories beginning to use automated cutting machines, which

increase output and consistency. 3D printing is another technology that could allow
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leapfrogging in manufacturing — instead of establishing complex supply chains and mass
production, a country could print needed parts on demand if it has the digital designs and printers
(this is still emerging, but pilot projects have printed everything from medical prosthetics to

machine parts locally in Kenya and elsewhere).

In sectors like construction, automation and new materials offer big efficiency gains. The
concept of contour crafting (large-scale 3D printing of buildings) is one such leapfrog idea:
using automated layer-by-layer construction to build houses quickly with local materials,
bypassing the need to transport bricks and cement [71]. If this technology matures, it could
address housing deficits in developing cities at lower cost. Even now, simpler forms of

mechanization in construction (like pre-fabricated modular pieces) are picking up.

Al, meanwhile, provides the “brains” to optimize various systems. AI-driven analytics can
improve agriculture (e.g. apps that use Al to diagnose crop diseases from a photo), make
transport more efficient (e.g. traffic management systems in congested cities), and enhance
public services (e.g. Al chatbots providing information on government programs to citizens). In
healthcare, Al can analyze medical images or predict disease outbreaks from patterns in data —
this helps in places with few specialists. Natural language processing Al is being used to
develop translation and speech recognition for local languages, which can broaden access to
digital services for non-English speakers. For example, African startups are creating Al voice
assistants that work in languages like Swahili or Hausa, enabling people to interact with

technology through speech if they are not literate.

Furthermore, automation in the form of drones and autonomous vehicles can help where
infrastructure is poor — drones delivering goods as mentioned, or self-driving minibuses

(experiments are on in some countries) could one day supplement transit in areas lacking good
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roads. Al and big data also optimize supply chains: by predicting demand and managing

inventory, they reduce waste and cost, meaning cheaper goods for consumers.

However, the risk side cannot be ignored. A major concern is that widespread automation in
advanced economies might reduce outsourcing and manufacturing opportunities for poorer
countries — a phenomenon known as premature deindustrialization. If robots make
manufacturing in the US or Europe cheaper, factories might not relocate to Africa or South Asia
for cheap labor as they did in the past. This could limit the classic path of using labor-intensive
manufacturing to spur growth (the path taken by East Asian Tigers). There is evidence this is
already a challenge; for instance, some garment jobs are moving from Bangladesh back to
automated factories nearer consumer markets. That said, new sectors like digital services can
compensate to an extent (e.g. IT outsourcing, online freelancing) — if developing countries invest

in digital skills.

Within countries, as automation in agriculture or industry increases, workers who lack
advanced skills could be displaced. An IMF analysis warns that Al and automation could
increase inequality and even poverty if the gains go mostly to capital owners or high-skilled
workers, while low-skilled jobs are eliminated [72]. A robot in a factory might replace several
assembly workers; automated checkout systems could reduce retail jobs. In developing countries
with high population growth, the fear is that technology might outpace the creation of new jobs,
leaving many unemployed. This is a genuine concern that requires policy planning: education
systems must adapt to produce workers with skills complementary to automation (complex
problem-solving, creative, interpersonal skills that machines can’t easily replicate). It also
underscores the importance of developing sectors that are harder to automate and have high

employment elasticity, such as many services or construction.


https://www.elibrary.imf.org/view/journals/001/2021/166/article-A001-en.xml#:~:text=Technological%20Progress%2C%20Artificial%20Intelligence%2C%20and,and%20poverty%20around%20the%20globe

The concept of inclusive automation is gaining traction — using automation to augment human
workers, not just replace them, and ensuring the benefits (higher profits, efficiency) are shared
(through better wages, lower consumer prices, or taxation and social programs). For example, if
self-driving tractors become available, they could be operated as a service by entrepreneurs in
rural areas, boosting farm productivity while generating new tech-maintenance jobs.
Governments might need to update labor regulations and social safety nets (like unemployment

insurance or universal basic incomes) in the longer term to manage transitions.

In the near term, many developing economies are still at a stage where automation is more
boon than bane, because the baseline productivity is so low. Using a machine to accomplish in
an hour what a person would take a day to do can free that person to do other tasks, effectively
increasing total output and potentially wages. The key is creating new opportunities for the
freed-up labor. For instance, if automated irrigation pumps save farmers time, they might use
that time to process their crops or start a side business. If an Al system handles administrative
paperwork in a government office, clerks can be redeployed to outreach roles or more complex

tasks.

In conclusion, automation and Al are double-edged swords in modernization: they are the
ultimate tools of optimization, potentially “transforming many low-skilled jobs into ones
requiring more complex cognitive tasks” [73]. They can greatly enhance efficiency and even
level playing fields (since access to an Al tool can make a novice perform like an expert in
certain domains). But without careful integration, they could also entrench inequality by favoring
those with skills or capital. The solution lies in proactive strategy: invest in education and
upskilling, encourage technology that complements human labor, and create policies for

equitable sharing of productivity gains. If done right, developing countries can harness Al and
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automation to skip some of the drudgery of development and provide modern, high-productivity

jobs to their young populations, fulfilling the modernization promise.

Education and Human Capital Development

Education is both a cornerstone of development and a sector ripe for leapfrogging through
technology. Many low-income countries face an education crisis: not only are millions of
children out of school, but even those in school often learn too little, as evidenced by very low
literacy and numeracy rates. In Sub-Saharan Africa, it’s estimated that only 8% of children in
low-income countries are on track to master basic secondary-level skills [74]. At current
rates, it could take 100 years for the average African student to catch up to the learning levels
of students in high-income countries [74] — a timeline that is obviously unacceptable. Here,
technology offers the possibility to “leapfrog” in education — to “accelerate education progress

by skipping entire phases” of traditional development [75].

How can this be done? There are several avenues where edtech (education technology) is making

inroads:

e Expanding Access via Online and Distance Learning: Digital platforms can bring
quality educational content to places that lack enough trained teachers or physical
schools. For example, Khan Academy and various MOOC platforms (Coursera, EdX)
provide free online lessons that motivated students anywhere can use, as long as they
have internet access. In Africa, organizations like the African Virtual University have
been providing tertiary courses remotely. At the primary/secondary level, countries have
tried televised lessons, radio schooling (especially during COVID-19 school closures),

and mobile learning apps. One African edtech initiative, Eneza Education, uses SMS and
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basic phones to deliver quizzes and tutorials to students in Kenya and Tanzania, helping
supplement their learning outside school. This kind of “learner-centric adoption of
technology” can enable the continent to “leapfrog traditional educational barriers”,

creating new pathways for learning [76].

Personalized and Adaptive Learning: Al-driven educational software can adjust to a
student’s level and pace, providing practice and feedback tailored to their needs. This is
particularly useful in overcrowded classrooms where teachers can’t give individual
attention. Some pilots in India and Africa have shown that students using adaptive
learning apps (in math for instance) made significant gains compared to those in regular
classes. Even low-tech versions, like interactive voice response (IVR) lessons via phone
calls, can quiz students and give hints, adapting to their responses. By helping each
student master foundational skills at their own pace, these tools can prevent children from
falling behind early — a major problem currently as many advance through grades without

basic literacy/numeracy.

Teacher Training and Support: Technology can also leapfrog teacher development.
Instead of relying on cascade training models that take teachers out of classrooms for
workshops (which often don’t translate to practice), digital technology can provide on-
demand training resources and mentorship for teachers. For example, WhatsApp or
Telegram groups allow teachers to share tips and seek advice from peers and experts.
Videos demonstrating effective teaching methods can be disseminated via mobile. In
Nigeria, one program used tablets pre-loaded with lesson plans and pedagogical

guidance, which helped teachers in remote areas improve their instruction. Essentially,
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tech can break the isolation of teachers and improve teaching quality, which directly

affects student learning.

e Addressing Language and Content Gaps: Many African students learn in a language
that is not their mother tongue, and there’s limited content in local languages. Digital
content creation is helping fill this gap. For instance, Ubongo, a Tanzanian social
enterprise, produces educational cartoons in Swahili (and other African languages) that
teach math and science concepts; these are broadcast on TV and radio, and also available
on mobile apps. Such engaging content can boost early learning and make abstract
concepts more relatable. Moreover, translation efforts, sometimes powered by Al, are

increasing the availability of open educational resources in various languages.

e Management and Data: On the administrative side, technology can optimize education
systems by tracking data on attendance, performance, and resource allocation. Some
countries are implementing Education Management Information Systems (EMIS) that use
tablet-based data collection to monitor which schools need more support, where
textbooks are lacking, etc., in near real time. This helps governments respond faster and

plan better, rather than relying on outdated or inaccurate stats.

The overarching promise is that technology allows education systems to “‘find new ways of fully
supporting the talents” of the exploding youth population in Africa [77]. Given teacher shortages
and infrastructure lags, solely building more schools and training more teachers (though
necessary) will not be sufficient or fast enough. Edtech provides a complementary boost — not to

replace teachers, but to amplify what learners and teachers can achieve. A Brookings report “Can
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We Leapfrog?” suggests that just as mobile banking leapfrogged financial development, “if such

rapid, nonlinear progress is possible” in finance, “why not in education?” [75].

Of course, there are hurdles. During COVID-19, many African students lacked the connectivity
or devices to benefit from online learning when schools closed, leading to concerns that edtech
could exacerbate inequality if the poorest are left out [78]. To mitigate this, solutions must be
designed for low bandwidth and basic devices (e.g., SMS, radio, offline content). Encouragingly,
many innovations do target low-resource settings: from solar-powered tablets to curriculum on
SD cards that can be used offline. Governments and donors are increasingly aware that digital
infrastructure (electricity, internet in schools) and device access are part of education investment

now.

Ultimately, improving education is central to enabling people to thrive in a modern economy. It
has intergenerational payoffs — educated individuals have smaller, healthier families and higher
incomes. Thus, technology’s role in education is perhaps the most critical in terms of long-term
poverty reduction. If a country can leapfrog to near-universal quality education, it sets the stage
for sustained growth and innovation driven from within. And conversely, failing to modernize
education systems could leave a whole generation ill-equipped for the 2 1st-century job market,
creating a drag on development. The stakes are high, but the tools at our disposal are more
powerful than ever. With concerted effort, the hope is that a child in a remote village can have
access to learning resources of global standard and the skills to participate in the modern world —

a true leap forward compared to the past.
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Governance, Public Services, and Social Protection

Modernization is not only about the private sector or individual empowerment; it is also about
optimizing governance and public service delivery. Effective institutions are a hallmark of
developed societies, and technology is enabling improvements in how governments function and
interact with citizens. By reducing corruption, increasing transparency, and delivering services
more efficiently, digital governance can directly and indirectly reduce poverty (directly through
better targeting of social benefits, indirectly through creating a better environment for economic

activity).

One of the most impactful innovations in governance is the rise of digital identification systems
and the digitization of government payments. As mentioned earlier, India’s Aadhaar system — a
biometric ID for over 1 billion people — has shown how identifying citizens uniquely can
revolutionize service delivery. Benefits that used to leak through ghost recipients or middlemen
can now be sent straight to verified individuals’ accounts. In developing countries, this has huge
implications because leakage from corruption or inefficiency has historically drained resources
meant for the poor. By some estimates, digitizing payments for programs like fertilizer subsidies,
scholarships, or pensions can save governments 10-20% of the program cost, which can be
redirected to reach more beneficiaries or other needs. Countries in Africa are following suit: for
instance, Nigeria and Tanzania have been rolling out national e-ID programs, and Pakistan’s
NADRA system (like Aadhaar) has been used to distribute cash aid to millions of women via

bank accounts.

Moreover, mobile technology allows governments to reach citizens quickly. We saw during the

pandemic countries like Togo implement novel programs (e.g., NOVA program) to send mobile



money transfers to informal workers who lost income, using mobile phone records and machine
learning to identify likely beneficiaries. This agility in social protection would have been

unthinkable without technology — it represents a leapfrog in social safety net implementation.

Another area is e-government services: putting services online reduces the time and cost
required for people (and businesses) to comply with regulations or access entitlements. For
example, in many countries you can now apply for business licenses, birth certificates, or
passports online, avoiding long queues and bribe-seeking clerks. Rwanda has an e-portal
(Irembo) that offers hundreds of services digitally, aligning with its strategy to be a regional tech
hub. In Kenya, digitization of government payments (through systems like eCitizen and mobile
money) has not only made things convenient but also cut down opportunities for petty corruption
(since fees are paid electronically, not to an official in cash). This improves the business climate

and citizen trust.

Open data and transparency tools also empower citizens to hold governments accountable.
Budget portals, procurement platforms, and citizen feedback apps are enabling a form of
crowdsourced oversight, which can reduce misuse of funds and ensure projects are completed. In
some cities, residents can report problems (potholes, broken pipes) via mobile apps, prompting
faster response from authorities — this is often referred to as “smart city” initiatives, but the
concept applies even in low-income settings (sometimes SMS-based reporting). Over time, these
feedback loops can make service delivery more responsive to community needs, effectively

optimizing the allocation of public resources.

An optimized government also means better data-driven policy. With modern data analytics,
governments can identify which regions are most in need of clinics or schools by mapping

population data, or predict which groups might fall into poverty due to an economic shock and



proactively assist them. The World Bank and others are even using high-resolution satellite
imagery and Al to map poverty and infrastructure in real time, supplementing traditional
surveys. This granular data helps fine-tune interventions — for example, a government could
identify that a certain district has unusually low nighttime light (a proxy for electricity access)

and target electrification efforts there.

In the realm of law and order, technology aids societal optimization by improving security and
justice. Simple mobile-based systems have been used to record land titles in countries where lack
of formal property rights is an issue, thereby preventing land grabs and giving farmers more
security (which in turn encourages investment). In policing, some African national parks use
infrared cameras and drones (as Cilliers noted in the Maasai Mara example) to combat poaching
and cross-border crime [79][80]. While this is a niche example, it shows how tech can augment
capabilities even in ranger patrols. There are also applications like mobile courts or video

conferencing for court hearings to expand access to justice in remote areas.

Political modernization via social media and civic tech is another facet — though with mixed
effects. On one hand, social media gives citizens a voice and enables movements to organize (as
seen in various pro-democracy or anti-corruption protests worldwide). On the other hand,
misinformation and surveillance are risks. But ideally, a modernized society uses digital tools to

foster more inclusive and participatory governance.

The net effect of these governance innovations is a “societal optimization” in the literal sense:
making society’s rules and services run more smoothly, fairly, and with less waste. When a
business can register in one day online instead of in weeks of paperwork, it can start generating

jobs sooner. When welfare payments go directly to the needy, poverty is reduced and social
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stability improves. When corruption is curtailed by digital tracking, public funds build the roads

and clinics they were meant to, supporting development.

As the Conclusion of the leapfrogging chapter emphasizes, technology can “promote better
governance” and provide leapfrogging opportunities, but it must be coupled with attention to
traditional development issues [81][15]. This means that while fancy e-government systems are
great, they won’t succeed without political will, legal frameworks, and educated users.
Nonetheless, the overall direction is clear: the 21st century state is a digital state. Countries that
embrace this are finding they can deliver more with less and include more people in the
developmental progress. The interplay of technology and governance thus closes the loop in our
discussion — modernization is as much about institutional evolution as it is about gadgets and
apps, and in fact, technology is enabling institutions in developing countries to evolve faster
towards the characteristics of high-income countries (accountable, efficient, transparent), which

historically took generations to develop.
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Challenges and Risks in Equitable Technological Diffusion

While the prospects of technology-driven modernization are inspiring, it is crucial to
acknowledge the challenges and potential downsides. Without careful management, the same
forces that can uplift billions could also entrench new forms of inequality or create social

disruptions. Here we outline some key concerns:

1. The Digital Divide: The uneven access to technology — between countries, between urban and
rural areas, between rich and poor, and between men and women — remains a major issue. As of
the mid-2020s, millions in the poorest countries still lack basic internet connectivity or even
electricity to power devices. In Sub-Saharan Africa, 25% of the population lives outside mobile
broadband coverage [19], and many more cannot afford smartphones or data plans even if
coverage exists. This digital divide can exacerbate existing inequalities: those with access to tech
and the skills to use it can get ahead much faster, while those without fall further behind. For
example, educated urban youth may land lucrative online jobs or benefit from e-learning,
whereas rural youth without connectivity miss out, widening the urban-rural gap. Similarly, there
is often a gender gap in tech access — in some countries, women are significantly less likely to
own a phone or use mobile internet due to cultural norms or income disparities. If not addressed,
such gaps mean technology could inadvertently increase social inequality even as average

welfare improves.

Bridging this divide requires targeted efforts: investing in rural network infrastructure (as the
Nigeria broadband study suggests — emphasizing expanding coverage to remote areas [82]),
subsidizing devices or data for low-income users, and community access programs (like

telecenters or free public WiFi hotspots). Encouragingly, the trend is that costs are falling, but
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proactive policies (like reducing taxes on smartphones or incentivizing telecom operators to
cover sparsely populated regions) are needed to accelerate inclusion. Also, digital literacy
training is important so that new users can effectively utilize the internet for development (not

just passively consume content).

2. Skills and Education Mismatch: Technology adoption without human capital development
can only go so far. Many developing countries face a mismatch where their education systems
are not producing the skills needed for a digital economy. If Al, coding, and advanced technical
skills are in demand, and yet many youth are leaving school without even basic literacy, there is
a risk that technology creates an elite group of skilled workers while a large underclass remains
in low-skill work or unemployed. The earlier point about a potential “race between education
and technology” is apt: if education doesn’t catch up, technology could worsen inequality. This
is why experts stress that “countries must invest in people and institutions” alongside
technology[14]. It’s not enough to import the latest gadgets; one must build the capacity to use
and adapt them locally. There is also the risk of brain drain — those who do acquire high-tech

skills might emigrate to richer countries or gravitate to metropolitan centers, leaving other areas

behind.

3. Disruption of Labor Markets: Automation and digital platforms can disrupt traditional
livelihoods. For instance, automation in textiles might affect workers in Bangladesh or Ethiopia;
ride-hailing apps might disrupt taxi drivers’ incomes; online retail might undermine local
merchants. While disruption is part of creative destruction that can lead to a more efficient
economy, the transition can be painful for those affected. Without social protections or retraining
programs, some workers could fall into poverty due to job displacement. Moreover, the informal

sector is huge in developing countries, and tech-enabled formalization (like e-commerce
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requiring digital payments) could exclude those who can’t formalize or adapt, at least initially.
Policymakers need to anticipate these transitions — e.g., by updating curricula, offering
vocational training in tech-related fields, and extending social safety nets (unemployment

benefits, cash transfers) to cushion displaced workers.

4. Monopoly and Concentration Risks: Much of the modern digital infrastructure (platforms,
operating systems, e-commerce marketplaces) is controlled by a few big tech companies, mostly
based in advanced economies. There is a concern that developing nations could become overly
dependent on foreign tech firms, losing out on value capture and even sovereignty over data. For
example, if all digital payments in a country are handled by a foreign fintech app, fees or data
extracted could be a form of digital rent paid abroad. Additionally, within countries, tech can
create winner-takes-most markets — e.g., one ride-hailing or delivery platform dominates, giving
it power over workers and consumers. This concentration could replicate inequalities: small
businesses might be wiped out by e-commerce giants if no support is given. Ensuring a healthy
competitive environment, possibly through regulation or nurturing local innovation ecosystems,

is important so that optimization doesn’t come at the cost of resilience and fairness.

5. Privacy and Security Concerns: As societies digitize, issues of data privacy, cybersecurity,
and surveillance arise. Weak regulations might lead to misuse of personal data or inadequate
protection from cybercrime, which can especially erode trust in digital services among new
users. For example, a high-profile mobile money fraud could scare people back to cash. Or in
governance, while digital ID systems have benefits, if not properly secured they could be
misused for surveillance or exclusion of certain groups. Addressing these concerns by building

robust legal frameworks and public awareness is part of the modernization challenge.



6. Cultural and Social Factors: Technology adoption can clash with cultural norms or create
generational tensions. Rapid changes in access to information (like social media) can lead to
misinformation spread, social tensions, or even radicalization if not managed. Societal
optimization isn’t just a technical endeavor; it involves guiding how technology is integrated into
social practices. For instance, the spread of Al-edited fake media (deepfakes) or online hate

speech are new issues that societies must contend with.

7. Over-reliance and Resilience: While technology can provide leapfrogging shortcuts, over-
reliance on a single technological approach without developing basic systems can be risky. For
example, if a country neglects building a stable power grid because solar home systems are doing
well, it might find industrialization difficult. Or heavy reliance on telemedicine without training
enough local health professionals might leave gaps in care that technology can’t fill (especially
for complicated conditions). Therefore, a balanced approach — blending leapfrogging with
foundational investments — is prudent. As Cilliers cautions, a focus on tech should not make
governments “lose sight of ‘traditional’ developmental issues, such as governance,
infrastructure and skills.” [15] The best outcome is achieved when technology complements

and enhances these fundamentals, not replaces them.

8. Environmental Impact: Although many modern technologies are helping sustainability (like
renewables), others have environmental costs — e-waste from electronics, higher energy
consumption from data centers, etc. If developing countries import masses of short-lived devices,
they’ll have to manage disposal. Also, increased production (due to higher efficiency) can put
more strain on natural resources if not managed (the classic rebound effect). That said, overall
modernization is trending greener, but mindful implementation is needed to avoid new

environmental pitfalls.
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In essence, the challenges revolve around ensuring equity, preparedness, and safeguards in
the face of rapid change. Technological diffusion is not automatically inclusive — deliberate
policies and interventions are required to make it so. The historical analogy is the Industrial
Revolution: it brought unprecedented progress but also severe social upheavals and inequality
until societies adapted with labor laws, education expansion, and social welfare. The digital
revolution could follow a similar pattern if governance doesn’t keep pace. Fortunately, we have

the benefit of foresight and global dialogue to try to mitigate these issues early.

The next section will discuss policy implications — the strategies that can maximize technology’s
benefits while minimizing risks, thus steering modernization toward a more equitable and

sustainable path.



Policy Implications and Strategies for Equitable Modernization

To harness the full potential of 21st-century modernization for poverty reduction, policymakers
and stakeholders must take proactive steps. The following are key strategies and considerations

drawn from the evidence and challenges discussed:

1. Invest in Digital and Physical Infrastructure: Expanding the reach of the internet,
electricity, and transportation networks is foundational. Governments should prioritize
infrastructure that enables technology adoption — rural broadband, fiber-optic backbone
networks, mobile towers in underserved areas, and electrification (including mini-grids and
solar home systems). Public-private partnerships can be effective, such as incentives for telecom
companies to cover less profitable regions. Given fiscal constraints, innovative financing (like
leveraging universal service funds or development aid for connectivity) can help. The payoff, as
shown in Nigeria’s case, is high: more broadband means more growth and less poverty [1].
Additionally, maintaining and upgrading traditional infrastructure (roads, ports) is still necessary
to complement digital advances; for example, e-commerce thrives only if goods can be

physically delivered, so logistics infrastructure matters.

2. Enhance Education and Skills Training: Human capital is the linchpin of benefiting from
technology. Educational curricula at all levels need updating to include digital literacy, critical
thinking, and other 2 Ist-century skills. This could involve introducing coding and ICT classes in
secondary schools, providing vocational training in tech (like hardware repair, software
development, data analysis), and promoting STEM fields in higher education. At the same time,
basic literacy and numeracy for all must remain a focus — edtech can help here by reaching

under-served groups. Governments can also work with the private sector to set up tech hubs,
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incubators, and on-the-job training programs so that youth gain practical experience.
Scholarships or subsidized training for disadvantaged groups (e.g., women in tech) can narrow
gaps. In short, create an ecosystem where continuous learning is enabled, so the workforce can

adapt as technology evolves.

3. Support Innovation and Entrepreneurship: Developing countries should aim not just to
consume technology from abroad but also to create and adapt technology locally. This builds
economic resilience and tailor-fits solutions to local needs. Policies to support startups and
innovators include improving access to finance (such as seed funding, micro-venture capital, or
grants for tech entrepreneurs), creating enabling regulations (e.g., regulatory sandboxes for
fintech or drones to allow experimentation), and strengthening intellectual property rights
judiciously to encourage creativity while avoiding stifling knowledge transfer. Successful
examples include Kenya’s tech hub “Silicon Savannah” which benefited from early support for
mobile money and an open API ecosystem that allowed many mobile-based services to flourish.
Governments can also invest in research and development (R&D) in key areas like agriculture or
health tech, possibly in collaboration with universities and international partners. Cultivating
innovation will ensure that modernization is not a one-time import of tools, but an ongoing, self-

driven process.

4. Promote Inclusive Access and Bridging Divides: Specific interventions are needed to make
tech access inclusive: - Affordability programs: subsidize devices or data for low-income
users, perhaps via vouchers or zero-rating important services (like not charging mobile data for
access to educational or health websites). Community Wi-Fi or shared device schemes (e.g.,
school computer labs open to communities) can extend benefits. - Gender inclusion: address

barriers that keep women from using technology — run digital skills programs for women, ensure



online safety (tackle harassment), and involve women in design of tech solutions. The evidence
of mobile money empowering women in Kenya [35] is an example to build on. - Local language
content: fund or encourage translation of digital content and creation of apps in local languages
so that language is not a barrier. - Assistive tech: for people with disabilities, ensure
compatibility of new tech (e.g., screen readers for visually impaired users on government

websites, or SMS services for those who can’t use smartphones).

5. Good Governance and Regulatory Frameworks: As modernization blurs the lines between
sectors, regulators must keep up to safeguard public interest without stifling innovation. Key
areas: - Financial regulation: adapt rules for digital finance (mobile money, cryptocurrencies,
cross-border fintech) to maintain stability and consumer protection while allowing competition.
Many African regulators have updated rules to accommodate mobile money agents and
interoperability, which has helped scale fintech safely. - Data protection and cybersecurity:
enact and enforce laws on data privacy (so citizens trust digital services with their data) and
strengthen cyber defenses (to protect critical infrastructure and users from cyberattacks and
fraud). International cooperation can help as cyber threats cross borders. - Competition policy:
monitor digital markets for monopolistic practices. Where a dominant platform is inevitable (due
to network effects), consider regulations to prevent abuse of dominance or ensure open access
(for example, requiring mobile money platforms to be interoperable so one company can’t block
others). - Labor and social policies: update labor laws to cover gig economy workers (so they
have some protections), and design social protection that can rapidly assist those who lose jobs
due to disruptions. Some countries are exploring universal basic income pilots — whether or not

that’s adopted widely, the principle is to ensure a safety net in the fast-changing economy.


https://news.mit.edu/2016/mobile-money-kenyans-out-poverty-1208#:~:text=spread%20of%20mobile,or%20retail%20occupations%20over%20farming

6. Leverage Technology for Governance (Lead by Example): Governments should
themselves adopt new technologies to improve public administration. Doing so not only
improves services but also signals commitment to a modern vision. For instance, digitizing land
records can cut corruption; using big data analytics in budgeting can identify efficiencies;
employing geospatial mapping can improve disaster response and climate adaptation planning. If
governments become tech-savvy, they can better regulate and promote tech in society. Capacity-

building for civil servants on digital tools is part of this strategy.

7. Regional and Global Collaboration: Modern challenges and markets are often beyond one
country’s scope. African countries, for example, can benefit from regional integration on digital
policies — harmonizing regulations to allow mobile operators or digital services to operate
seamlessly across borders (as is being pursued via the Smart Africa initiative). Sharing best
practices through forums (like the broadband commission, Al ethics frameworks in the UN, etc.)
helps avoid reinventing the wheel. Wealthier nations and global companies also have a role:
through technology transfer, funding infrastructure (like satellite internet for remote areas), and
open sourcing relevant innovations (for instance, open educational resources or open-source
software for health management). The concept of technology as a global public good is gaining
traction — e.g., making advanced climate adaptation technologies available cheaply to vulnerable

countries.

8. Monitor and Evaluate Progress: Given the rapid change, policies should be evidence-based
and adaptable. Governments and researchers should monitor the impacts of technological
changes on society — who is benefiting, who is left behind, where are the new pain points? For
example, track how internet expansion correlates with poverty reduction or how automation

affects job sectors. This data can inform mid-course corrections. It’s notable that the Nigeria



broadband study provided concrete numbers on poverty impact [1]; such studies can justify
investments in digital infrastructure. Likewise, continue surveying households (like the Findex
for financial inclusion) to see if gains are equitable. This ties into the governance point: an agile,

learning government is needed to steer modernization effectively.

In implementing these strategies, a balanced approach is essential. Pursuing tech-forward
policies should not come at the expense of proven basic investments (health, education,
nutrition). Instead, find synergies: use tech to amplify basic services (tele-education, e-health)
and make them more effective. As emphasized, technology is a tool, not a substitute for

development fundamentals.

If the above measures are undertaken, countries are more likely to realize the vision encapsulated
in the opening of this paper: a world where the latest innovations spread quickly and widely,
optimizing how societies function and delivering tangible improvements in living standards to
all. The policies are essentially about creating an environment where diffusion is fast and fair.
This involves market forces, but also significant public leadership to guide these forces in

socially optimal directions.


https://www.weforum.org/stories/2020/12/expanding-mobile-broadband-coverage-poverty/#:~:text=by%20about%206%20percent,Nigeria%2C%20and%20potentially%20more%20broadly

Conclusion

The 21st century is witnessing a new chapter in the story of modernization — one defined not
only by the creation of groundbreaking technologies, but by the speed and equity of their
diffusion across the globe. In this paper, we have explored how societal optimization through
technology is transforming economies and improving lives, particularly in developing regions

that were long left behind.

The evidence is compelling: when given access to modern tools and networks, communities can
leap ahead in development. A farmer with a smartphone can obtain market prices and weather
forecasts, boosting her income. A health worker with telemedicine can save lives that previously
would be lost for lack of a doctor. A student with an internet connection can learn from the
world’s best resources. A small entrepreneur with mobile money can safely save and invest,
escaping the trap of subsistence. These are not utopian anecdotes but increasingly common
realities. Studies from Africa, Asia, and Latin America all point to the same conclusion —
technology, when accessible, has a direct poverty-reducing effect by raising incomes,

lowering costs, and expanding opportunities [ 1][34].

Crucially, the benefits extend beyond individual gains to structural transformation. Financial
inclusion via fintech is integrating more citizens into the economy. Agricultural innovations are
enhancing food security and rural livelihoods. Renewable energy is powering communities
sustainably and affordably. Education technology is poised to rapidly up-skill a new generation.
And digital governance is making states more accountable and efficient. All these together
amount to a potential seismic shift: billions of people could achieve within a couple of decades a

standard of living that took industrialized nations many generations to reach.


https://www.weforum.org/stories/2020/12/expanding-mobile-broadband-coverage-poverty/#:~:text=by%20about%206%20percent,Nigeria%2C%20and%20potentially%20more%20broadly
https://news.mit.edu/2016/mobile-money-kenyans-out-poverty-1208#:~:text=Published%20in%20today%E2%80%99s%20issue%20of,25%20per%20day

Yet, as we have cautioned, this optimistic scenario is not guaranteed. The central challenge of
our era is ensuring that this technological tide lifts all boats, not just the yachts. If the current
patterns of diffusion continue unchecked, we risk a world where a minority races ahead with Al
and high-speed connectivity while others remain stuck in a pre-digital poverty — a digital divide
layered atop the economic divide. Avoiding this outcome requires deliberate collective action.
Investments in infrastructure and education are non-negotiable for any country that wants to be
part of the modern economy. Policies must guard against new inequalities, whether gender,
geographic, or generational. International cooperation is needed so that no nation is left isolated

from progress due to lack of resources or being locked out by intellectual property barriers.

A recurring theme in our analysis is “leapfrogging” — and indeed, it captures the essence of
hopeful development in the 21st century. The ability to bypass the inefficient steps of the past
and adopt best-in-class solutions of the present can enable countries in Africa, South Asia, and
elsewhere to catch up in record time. Leapfrogging is not automatic; it must be earned through
courage to innovate and willingness to break from old paradigms. But we have seen it happen:
Africa leapfrogged landlines with mobile phones, and now it is leapfrogging cash-based
economies with mobile money, and central power grids with solar home systems. Each success

builds confidence and know-how for the next.

Looking ahead, the final measure of modernization will not be how many new gadgets are
invented, but how many lives are improved and how societies become more inclusive, just, and
prosperous. Technology is a means to that end. As Antonio Guterres, the UN Secretary-General,
aptly said, “New technologies hold the promise of the future... Let us use them wisely, for the
benefit of all.” [83]. This calls for wisdom in policy, ethics in design, and inclusivity in

implementation.


https://thrivabilitymatters.org/five-ways-technology-is-eradicating-global-poverty/#:~:text=agenda

In conclusion, the 21st-century modernization can be a tide that lifts billions out of poverty — but
only if we steer it with purpose. The world stands at a crossroads where it can significantly
shorten the lifespan of poverty on this planet by spreading innovations far and wide. The
promise is there: from remote villages getting broadband and thriving, to diseases being
eradicated through global scientific collaboration, to students in Africa solving local problems
with Al solutions. The narrative of development is being rewritten in real time. Let it be one
where the fruits of human ingenuity reach everyone, and where modernization is measured
not by the wealth of a few advanced economies, but by the well-being of people across all
economies. The opportunity to realize this vision is at hand; the responsibility to do so lies with
all of us — policymakers, businesses, communities, and international partners alike. The story of
modernization in the 21st century will ultimately be the story of our collective choices in making

technology work for humanity’s advancement.
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