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Preface

e are living through a period of extraordinary technological change.

Artificial intelligence is advancing at a pace that would have been difficult

to imagine only a few years ago, changing how people work, how firms
produce and innovate, and how governments can serve their citizens. For Latin
America and the Caribbean, this transformation comes at a particularly impor-
tant moment. After decades of weak productivity growth, the region needs new
sources of dynamism to grow faster and more equitably, and to improve public
services.

Artificial intelligence offers one such source. But technology alone will not
transform our economies. Transformative technologies deliver benefits when
societies build the foundations for adoption and create the conditions for their
widespread use throughout the economy. Countries that move decisively can
capture a sizable Al dividend; those that do not risk falling further behind.

This edition of the Development in the Americas series examines how Latin
America and the Caribbean can seize that opportunity. It quantifies the potential
Al dividend for our region and, just as importantly, shows why realizing it is a
policy choice. Al can raise productivity, accelerate innovation, and improve public
service delivery. But the scale of these gains depends on how widely and deeply
countries adopt the technology and how effectively they prepare their economies
and societies for it.

That task begins with the region’s unfinished digitalization agenda. Al is lay-
ered on digital foundations; where those foundations are incomplete, adoption
remains shallow. Effective institutions, skilled people, data, connectivity, comput-
ing capacity, and digital infrastructure all matter. So does the ability of firms and
governments to reorganize around new technologies. The hardest part is often
not acquiring a new tool but changing the systems, processes, and organizations
around it.

This report, therefore, calls for action on three fronts. First, countries need to
strengthen the enabling conditions for digital transformation and Al. Second, they
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must accelerate diffusion across the public sector, using technology to improve
government and service delivery. And, third, they should promote productive
adoption across the private sector. These areas must advance together if the
region is to move from individual applications and experiments to adoption at
scale.

The path will not be identical everywhere. Countries across Latin America
and the Caribbean have different starting points, capabilities, and priorities. But
they face many of the same challenges and share the same goal: broad, pro-
ductive adoption that raises productivity, improves public services, and spreads
gains widely. This creates an important opportunity for countries to learn from
one another and accelerate progress across the region.

Realizing these gains will also require managing the risks that accompany Al.
Changes in labor markets, cybersecurity, privacy, and the use of Al in areas such
as education all require attention. Recognizing these risks is not about slowing
innovation but rather about creating the conditions for sustained adoption and
ensuring that the benefits of technological change are broadly shared.

The IDB Group has an important role to play in this effort. We can help bring
policymakers and technology leaders together, creating a common framework
and a joint alliance for Al adoption. And we can work around an Al-for-growth
agenda for Latin America and the Caribbean, connecting rapidly evolving techno-
logical possibilities with the region’s development priorities. We provide rigorous
evidence about where the largest opportunities lie and what countries need to do
to capture them. And, as a longstanding development partner to the region, we
can help translate that knowledge into country-level action.

Al does not offer a shortcut around the difficult work of development. But it
can become a powerful accelerator of that work if countries make the choices
and investments needed to use it well. The question for leaders is, therefore, not
whether Al will matter. It is whether their countries will build the conditions to
benefit from it, and whether those benefits will reach firms, governments, work-
ers, and citizens across our region.

The opportunity is significant, and so is the responsibility to act. The IDB
Group is committed to bringing together the knowledge, partnerships, and
resources needed to help Latin America and the Caribbean turn the promise of Al
into higher productivity, better public services, and broadly shared growth.

llan Goldfajn
President
Inter-American Development Bank Group
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The Artificial Intelligence
Dividend: Promise, Paradox,
and Policy

Artificial intelligence (Al) has emerged as one of the most consequential tech-
nologies of our time. For Latin America and the Caribbean, the central question
is whether it can help reverse one of the region’s most persistent challenges: six
decades of weak productivity growth. This book argues that Al offers an oppor-
tunity to change that trajectory. Realizing this potential requires understanding
why digital technologies have, so far, diffused slowly across the region, what
economic forces hold back their adoption, and what policies can help overcome
those barriers.

The ambition extends beyond catching up: Al could allow the region to leap-
frog toward more productive ways of operating firms, running governments, and
delivering public services. Doing so requires more than introducing new tools into
existing activities; it calls for redesigning processes and making complemen-
tary investments in skills, data, and infrastructure. Countries that establish the
enabling conditions and promote innovation and diffusion in both the public and
private sectors, while preparing for potential disruptions, can secure a sizable Al
dividend. Those that fail to act risk falling further behind.

The Challenge: Six Decades in a Low-Productivity Trap

For some 60 years, Latin America and the Caribbean has been stuck in a low-
productivity trap (Alviarez et al. 2025). Regional gross domestic product (GDP)
per capita stood at just 24 percent of the U.S. level in 2025, down from 26 percent
in 1960 (Figure 1.1). Almost all other regions, in contrast, converged significantly.
The Middle East and North Africa, for instance, rose from 17 percent to 35 per-
cent of the U.S. level, while East Asia rose from 10 percent to 40 percent. This
stagnation in relative GDP per capita reflects a deeper problem of weak produc-
tivity growth across firms, supply chains, and the public sector.

Beyond GDP, the region trails on important development indicators. In edu-
cation, 76 percent of the region's 15-year-old students do not achieve basic
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Figure 1.1. GDP Per Capita Relative to the United States, 1960 versus 2025, by
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Note: Reported values are population-weighted averages across countries with available data. GDP per
capita is measured in 2011 international dollars at purchasing power parity. Values for 2025 are estimated
by extending each country’s 2022 level of GDP per capita from the Maddison Project Database, including
that of the United States, with annual growth rates of real GDP per capita for 2023-25 from the World
Development Indicators. The sample includes the same 135 countries in 1960 and 2025. Estimates for Latin
America and the Caribbean are based on Argentina, Barbados, Bolivia, Brazil, Chile, Colombia, Costa Rica,
the Dominican Republic, Ecuador, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Nicaragua,
Panama, Paraguay, Peru, Trinidad and Tobago, Uruguay, and Venezuela.

math proficiency, compared with 31 percent in Organisation for Economic
Co-operation and Development (OECD) countries outside Latin America and the
Caribbean (OECD 2026b). In health, life expectancy is about five years lower than
in advanced economies (OECD and World Bank 2023), and avoidable mortality
remains high (OECD 2025b). In public safety, the homicide rate of 18 per 100,000
inhabitants is about three times the global average of 5.6 (UNODC 2023). These
deficits point to a problem of public as well as private sector productivity, since
education, health, and public safety depend heavily on how effectively govern-
ments deliver services. Any credible policy agenda, therefore, must raise produc-
tivity in firms and in the state.

The Promise: Leapfrogging the Productivity Trap

Can new technologies—especially Al—help the region break out of this trap?
Al can accelerate the region’s growth by raising productivity in both the private
and public sectors. In the private sector, these gains operate through three main
channels, explored in Chapter 2.
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First, task reallocation and labor augmentation change how tasks are divided
between workers and machines. Machines may displace workers from some
tasks, augment their productivity in others, and create new tasks, occupations,
and goods that raise demand for labor.

Second, capital augmentation raises output without directly changing which
tasks workers and machines perform. Cheaper and better digital capital allows
firms to use more capital per worker, while lower transaction costs make it easier
for buyers and sellers to find each other and expand markets.

And, third, innovation expansion and acceleration increase the pace at which
new products and processes are created. By lowering the cost of research and
development (R&D) and serving as a new method of invention, Al can raise not
only the level of total factor productivity (TFP) but its long-run growth rate.
Innovation also creates new tasks, reinforcing the demand for workers under the
first channel.

Realizing and broadly distributing these gains will require that firms and
public institutions adopt and effectively use Al; that technology diffuse across
the economy; and that workers and resources move toward more produc-
tive activities. Broader market and institutional conditions should give firms
incentives to adopt, innovate, and improve their performance, while allow-
ing resources to move toward their most productive uses. Competition is one
important part of this environment. Weak competition reduces firms’ incentives
to innovate and adopt new technologies, as reflected in the region’s low invest-
ment in R&D relative to advanced economies (Alviarez et al. 2025). Without this
broader enabling environment, Al risks being layered onto existing structural
weaknesses, limiting its aggregate impact and the diffusion of its gains across
firms and workers.

Estimates of the potential gains from part of the first channel, the displace-
ment and augmentation of workers in existing tasks, are substantial over a
10-year horizon. Under a high-adoption, high-productivity impact scenario, in
which Al is adopted in 80 percent of tasks exposed to it and raises productivity
in those tasks by 40 percent, the region’s TFP could increase by 2.3 percent and
its GDP by 5.1 percent after a decade. Country GDP gains range from 4.3 percent
in Ecuador to 6.1 percent in Argentina (Table 1.1). These contrast with gains under
a low-adoption, low-productivity impact scenario, in which Al is adopted in 11.5
percent of exposed tasks and raises productivity in those tasks by 13.5 percent.
GDP then rises by only 0.3 percent, on average, after a decade, with country
estimates ranging from 0.2 to 0.3 percent. The contrast highlights how strongly
the potential gains from Al depend on the breadth of its adoption and the pro-
ductivity improvements it delivers in the tasks for which it is used. Policy could,
therefore, play an important role by helping firms and public agencies adopt and
use Al effectively.
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Table 1.1. Cumulative 10-Year GDP Gains under Two Scenarios (percent)

Low adoption, High adoption,
Country low productivity high productivity
Argentina 0.3 6.1
Colombia 0.3 5.7
Costa Rica 0.3 5.6
Chile 0.3 5.4
Peru 0.3 5.2
Dominican Republic 0.3 5.2
Brazil 0.3 51
Panama 0.3 51
Mexico 0.2 5.0
Honduras 0.2 4.9
El Salvador 0.2 47
Guatemala 0.2 4.4
Ecuador 0.2 43
Latin America and the Caribbean 0.3 5.

Source: Douenne, Pedroni, and Schweitzer (forthcoming), Figure 5.

Note: The table shows the simulated cumulative increase in gross domestic product (GDP) under a low-
adoption, low-productivity impact scenario and a high-adoption, high-productivity impact scenario. GDP
gains assume a 10-year capital adjustment period (Acemoglu 2025). The estimates for Latin America and
the Caribbean are unweighted averages across the 13 countries included.

These potential gains do not necessarily imply that the region will narrow
its income gap with the United States; that will also depend on how quickly the
United States adopts Al In 2025, the region’s GDP per capita stood at about
24 percent of the U.S. level (Figure 1.1). If the United States adopts Al rapidly
while the region does not, this ratio could fall further, to about 23 percent—a
small decline, but one that would extend six decades of limited convergence.

The effects on workers exposed to automation depend on how workers
and resources adjust across the economy. If, under the high-adoption, high-
productivity impact scenario, market and institutional conditions inhibit labor
mobility, lower demand for workers in exposed tasks outweighs the wage ben-
efits generated by higher productivity. In every country examined, estimated
wages decline by between 14 and 21 percent over a decade. When workers
can move from shrinking to expanding activities, however, whether across jobs,
occupations, or sectors or by taking on new tasks within their current jobs, the
estimated wage effects instead become positive, ranging from 2.3 to 5.3 percent.
The difference between these outcomes, a reallocation gap of about 19 to
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26 percentage points, shows that workers' ability to move toward expanding
activities is crucial for translating aggregate productivity gains into higher wages.
Realizing these gains will require policies that facilitate labor mobility, avoid tax
and regulatory distortions that encourage excessive automation, support current
workers through reskilling and social protection, and adapt education systems to
prepare the next generation for an Al-shaped labor market.

The effects of Al are also likely to be distributed unevenly because work-
ers differ both in their exposure to Al and in their opportunities to benefit as the
economy adjusts. Tertiary-educated workers are the most exposed, reflecting
their concentration in cognitive tasks that Al can increasingly perform. Women
tend to be more exposed than men of the same age and education, particularly
among tertiary-educated workers, while differences by age are relatively small.
As the economy adjusts, some workers with lower levels of education may gain
because they face lower displacement risk and benefit from the demand expan-
sion that accompanies higher output, while some highly exposed groups may
recover only part of their initial wage decline. Formal workers are more directly
exposed than informal workers, although the latter can be affected indirectly
through economy-wide adjustments and sectoral spillovers. These patterns sug-
gest the gains from Al may not be shared evenly.

Informality, which accounts for more than half of employment in the region,
also limits the gains, since informal firms are less likely to adopt digital technolo-
gies and have weak links to the supply chains and networks through which they
spread, while inadequate unemployment insurance and training systems could
push displaced formal workers into informality.

These estimates indicate the cumulative effects of automating some tasks
and increasing workers’ productivity in others, but they exclude the creation of
new tasks and two channels that could further increase growth: capital augmen-
tation, through cheaper and better digital capital and lower transaction costs, and
accelerated innovation. While these additional channels could amplify the esti-
mated gains, particularly if Al accelerates innovation and raises long-run produc-
tivity growth, the overall magnitude of the effects of Al on GDP growth remains
highly uncertain (Jones 2026).

Gains from innovation, however, will depend on greater investment in
domestic R&D, which in Latin America stood at 0.7 percent of GDP in 2018, as
compared to a global average of 1.8 percent (UNESCO 2021). They will also
depend on stronger skills, including managerial capabilities, which are scarce in
many of the region’s firms (Cirera et al. 2021; Cusolito and Maloney 2018), and
on the pool of future researchers, which may be influenced by access to ter-
tiary education. In 2024, the gross tertiary enrollment rate in Latin America and
the Caribbean stood at 59 percent, compared to 79 percent in OECD countries
(World Bank 2026).
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The potential gains from Al extend beyond firms and labor markets to the
public sector. This matters because many of the development deficits discussed
above reflect limitations in state capacity and the delivery of public services.
Simulations across selected applications suggest Al-based algorithms, when
deployed effectively, could generate substantial improvements in the quality,
targeting, and efficiency of public services. According to Chapter 7, Al applica-
tions for social protection programs in Colombia and Costa Rica could improve
the targeting of cash transfers to poor households, reducing exclusion errors—
the share of poor households that do not receive transfers—by 17 percent and
26 percent, respectively, without increasing existing budgets (Noriega-Campero
et al. 2020).

Sizable gains could also emerge in public safety. Chapter 9 explains how,
in Colombia, the PRiISMA tool uses machine-learning models trained on judicial,
arrest, and incarceration records to estimate the likelihood that individuals fac-
ing pretrial detention will reoffend. The system could help judges and prosecu-
tors distinguish between higher- and lower-risk cases, improving decisions on
pretrial detentions. Simulations suggest that applying these risk assessments
could reduce recidivism by 25 percent without increasing detention rates. These
gains, however, depend on interoperable data across police, prosecution, and
prison systems, as well as institutional and governance arrangements that sup-
port transparency, auditing, and independent evaluation. That PRiSMA is not cur-
rently in use reinforces the point that realizing the gains from Al calls for more
than developing an effective model; it requires the data systems, governance
arrangements, and institutional capacity needed to embed it in decision making
(Mejia 2025b).

Simulated gains may diverge from real-world effects, since they do not
account for how individuals or institutions may change their behavior once a tool
is introduced. Even so, the broader implication is clear. In policy areas where pre-
diction, targeting, and risk assessment are central to outcomes, Al could improve
the quality and efficiency of public service delivery, allowing governments to
deliver better services at the same fiscal cost or maintain current outcomes with
fewer resources.

These projections do not emerge independently of broader technologi-
cal and institutional conditions. Al systems depend on the existence of digital
infrastructure that generates, organizes, and makes information usable at scale.
Digitalization, which involves the collection, storage, standardization, and pro-
cessing of digital data, improves the efficiency of tasks based on explicit rules
and codified procedures, such as transactions, record management, logistics,
and administrative processing. Al builds on that digital foundation through three
main uses: Predictive Al generates predictions, classifications, and recommenda-
tions; generative Al creates text, images, and other content; and agentic Al plans
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Table 1.2. Digitalization and Al: Core Functions and the Tasks Each Enhances

Digitalization +Al
Core function Collects, processes, stores, and Makes predictions, generates
transmits information content, takes actions toward
goals
Type of tasks Tasks that follow explicit rules ~ Tasks needing inference and
enhanced Filing, transactions, data entry ~ judgment

Diagnosis, advice, analysis,
creative work

Source: IDB staff.

and carries out sequences of actions toward defined goals (Table 1.2). In this
sense, digitalization enables, while Al ampilifies.

The distinction is important because the economic and institutional impact
of Al depends on the maturity of the underlying digital ecosystem. Countries and
sectors with more advanced digitalization are better positioned to integrate Al
into production processes and public service delivery, since the performance of
Al systems is conditioned on the quality, interoperability, and availability of data.
Digitalization provides the informational infrastructure on which Al operates,
while Al increases its value by improving predictions and targeting, generating
content, and planning and executing actions toward defined goals.

The good news is that digitalization is not an untested premise; it is already
delivering positive results. Causal evidence compiled for this book shows that
digital technologies have generated measurable gains across a range of sectors.!
The evidence base remains dominated by digitalization, as only 2 percent of the
impact evaluations focus on Al applications. Across 188 rigorous causal evalua-
tions of digital technology interventions in eight sectors in developing countries,
68 percent are found to have had positive and statistically significant effects on
outcomes, while only 6 percent produced negative and significant effects. The
most positive results are observed in taxation, where 88 percent of the evaluated
interventions produced positive and significant effects, followed by trade and
investment at 84 percent, health at 81 percent, and water, energy, and trans-
portation at 78 percent (Figure 1.2). While these findings are typically based
on specific applications rather than broader systemwide digital transformation
initiatives, they demonstrate the potential of digital technologies to improve
development outcomes and suggest that digital systems augmented by Al could
deliver even larger gains.

" This evidence is compiled and organized in the IDB Digital Impact Dashboard, an online

companion to this book that allows users to search for evaluations of digital technology
applications by sector, outcome, and country.

7
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Figure 1.2. Effects of Digital Interventions in Developing Countries
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Note: The dataset compiles 188 impact evaluations of digital technology interventions in developing coun-
tries across the eight sectors shown in the figure. Developing countries are defined as those classified by
the International Monetary Fund as emerging market economies or low-income developing countries. It
includes studies published since 2012 that use rigorous empirical methods to estimate causal effects on
development outcomes. Studies were selected based on predefined eligibility criteria, including the pres-
ence of a comparison group and minimum sample size requirements. See Velasco et al. (2026) for details.

The experiences of different sectors show how digitalization generates ben-
efits of its own while creating opportunities for Al to add further value. Trade,
education, and water illustrate how digital tools can reduce information frictions,
lower transaction and monitoring costs, and streamline service delivery and oper-
ations. Al can then build on these digital foundations to improve prediction, tar-
geting, personalization, content generation, and decision making.

In trade, as discussed in Chapter 14, evidence from Costa Rica shows that
introducing an electronic single-window system, which allows firms to sub-
mit export documentation through a single digital platform, has substantially
reduced administrative border processing costs. The reform increased export
values by 46 percent, raised the number of exporting firms, and generated
additional gains when trading partners adopted compatible systems, reflecting
strong cross-border network effects. The underlying mechanisms included faster
administrative processing, lower compliance costs, and greater predictability in
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trade transactions. Al could extend these gains further by making risk manage-
ment systems more effective and optimizing logistics, thereby improving the effi-
ciency of border operations and supply chains (Carballo et al., forthcoming; Volpe
Martincus 2016).

In education, as Chapter 5 shows, digital technologies already show strong
effects when used to complement, rather than substitute for, teachers. Evidence from
developing countries indicates digital learning platforms that complement teacher
instruction have increased student learning by the equivalent of 31-46 percent of
a typical year’s learning, with the largest gains observed in math. Al could deepen
these gains by enabling more adaptive and personalized instruction, helping teach-
ers to tailor lesson plans, monitor student progress in real time, and identify students
at risk of falling behind before learning deficits widen (Arias Ortiz et al. 2025).

In the water sector, according to Chapter 8, digitalization can improve ser-
vice delivery by enabling utilities to track consumption, identify losses, and detect
irregular connections. Better metering and digital billing systems generate more
accurate information on water use, improving accountability, billing, and incen-
tives for efficient consumption. These digital records also provide a foundation
for Al applications that could help detect anomalies and prioritize inspections.
Whether these applications improve on standard procedures, however, requires
careful evaluation and depends on data quality, integration into operational rou-
tines, and coordination between analytical and field teams.

Taken together, these examples show why the digital foundation matters. Al's
potential gains depend on systems that already generate usable data, standard-
ized processes, and actionable information. This complementarity creates scope
for countries to move from basic digital adoption toward more adaptive, predic-
tive, and efficient systems.

The Paradox: High Potential, Limited Adoption

Despite the gains demonstrated from digitalization, adoption across Latin
America and the Caribbean remains shallow. Firms, governments, and individuals
use digital technologies primarily for basic activities, with limited integration into
more complex and productive uses. Diffusion of Al, with its broader potential, is
at an even earlier stage. Although applications are expanding, organizations are
still learning how to integrate the technology into their operations. Measurable
effects will take time to emerge. Yet the limited diffusion of Al reflects more than
its novelty; it also reflects the shallow digitalization on which it builds. Effective Al
use depends on supportive institutional conditions, relevant skills, reliable data,
adequate digital infrastructure, and complementary capabilities. Weaknesses in
these foundations inhibit both the diffusion of Al and the translation of its techno-
logical potential into productivity and development gains at scale.

9
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As discussed in Chapter 3, the digital foundation of government is still
incomplete. Only 26 percent of adults report having interacted with govern-
ment digitally in the previous three months, compared with 70 percent in
the OECD (Figure 1.3). This gap is far wider than that in internet use: About
83 percent of the region’s population is online, compared with 93 percent in
OECD countries. Access, therefore, does not appear to be the main constraint.
These patterns show that deploying Al at scale will require the region to accel-
erate its digitalization agenda, including strengthening the digital foundation
and expanding the availability and use of digital public services. These digita-
lization gaps constitute a major constraint on the region’s ability to realize the
potential gains from Al.

Figure 1.3. Online Interactions with Government across Country Groups

80 4

60 -

40 -

26

20 -

Percentage of adults interacting with government online

Latin America and the Caribbean OECD

Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD, and the ITU DataHub, 2022-25 (latest year avail-
able), for OECD countries not covered by Eurostat.

Note: The figure shows internet use for online interactions with government within the three months pre-
ceding the survey. The survey question asked, “Did you carry out any transaction with a government agency
online, such as downloading or filling out forms or making payments to the government?” Reported values
are unweighted averages across countries with available data. Within each country, estimates use sam-
pling weights for national representativeness. The estimate for Latin America and the Caribbean is based
on Argentina, Barbados, Bolivia, Brazil, Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador,
El Salvador, Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay. The sample for Latin
American and Caribbean countries includes adults ages 18 and older. See note to Figure 3.4 (Chapter 3)
for further details about the sample. OECD estimates combine Eurostat data (individuals ages 16 and older)
with ITU data, and exclude Latin American and Caribbean countries.
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Where governments have advanced, they have often digitalized the cus-
tomer interface but moved more slowly to digitalize the data beneath it. In taxa-
tion, as Chapter 10 documents, 89 percent of personal income tax returns are
filed online, yet only 48 percent of countries provide prefilled returns—forms
already populated with taxpayer information drawn from integrated data sources
(Figure 1.4, Panel A). Chapter 7 on social protection reports that 83 percent
of beneficiaries receive public assistance through digital payments, yet only
43 percent of countries operate dynamic social registries, which are the back-
end data infrastructure that lets governments target programs accurately and
respond to shocks (Figure 1.4, Panel B). Customer-facing interfaces have been
widely digitalized, but the underlying systems that integrate, update, and reuse
data remain much less developed, limiting the scope for automation, targeting,
and, ultimately, Al

Figure 1.4. Front-End Digitalization versus Back-End Transformation
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Source: IDB staff calculations, based on data from the International Survey on Revenue Administration
(ISORA), for Panel A. For Panel B, calculations are based on Guven, Yeachuri, and Almenfi (2025, Table B.5)
and the Global Findex Database, World Bank, 2025.

Note: Reported values are unweighted averages across Latin American and Caribbean countries with avail-
able data. Panel A shows the percentage of personal income tax returns filed electronically and the per-
centage of tax administrations that prefilled personal income tax declarations in 2024. Estimates are based
on 18 and 23 Latin American and Caribbean countries, respectively. In Panel B, the estimate for digital
payments shows the share of individuals who received government financial support in the 12 months
preceding the survey, deposited into a card, a bank, or other financial institution account or a mobile money
account in 2024. Within each country, estimates use sampling weights for national representativeness,
and the sample includes individuals ages 15 and older; the countries included are Argentina, Bolivia, Brazil,
Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador, El Salvador, Mexico, Peru, and Uruguay. The
dynamic social registries estimate includes countries whose social registries allow continuous updates and
real-time interoperability with administrative data.
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Among individuals, Al adoption is still at an early stage, but use is already wide-
spread in parts of the region. The barriers to experimentation are relatively low
for chatbot applications, although more advanced uses require greater technical
capacity and complementary investments. In 2025-26, 35 percent of adults in Latin
America and the Caribbean reported having used generative Al in the previous three
months, compared with 44 percent in European OECD countries and 58 percent in
the United States.? The regional average masks substantial variation. Reported use
reaches 54 percent in Argentina, 52 percent in Chile, and 51 percent in Uruguay,
placing all three well above the European OECD average (Figure 1.5, Panel A).

Al use for professional purposes is somewhat lower but follows a broadly simi-
lar pattern. Among adult workers, 26 percent in Latin America and the Caribbean
report using generative Al for work, compared with 27 percent in OECD Europe
and 43 percent in the United States, leaving the region close to the OECD Europe
average but substantially below the United States. Argentina, Uruguay, and Chile
lead the region, with reported use ranging from 35 to 37 percent, while several
other countries also exceed the OECD Europe average (Figure 1.5, Panel B). As
Chapter 3 notes, these results are important because early deficits in Al use can
widen quickly, as the people and firms that begin using Al for work accumulate
skills, build complementary processes, and pull further ahead of those that do not.

Many firms have adopted digital and Al tools, but adoption often remains
shallow. Websites are now widespread, yet fewer than 40 percent actively use
theirs to engage customers, market products, or conduct transactions, indicat-
ing adoption does not necessarily translate into effective use (Vilgis, Jordan,
and Patifio 2024; Vargas and Muente 2025). Consistent with this pattern, only
27 percent of adults in the region report having made an online purchase in the
previous three months, compared with 66 percent in OECD countries.

A similar pattern emerges with Al. According to a survey of firms participating
in ConnectAmericas, the online business platform created by the Inter-American
Development Bank (IDB), generative Al adoption has expanded rapidly, reaching
63 percent by 2025 (Figure 1.6).2 Most use, however, remains relatively shallow, with 28
percent of firms using generative Al through out-of-the-box applications and 24 per-
cent reporting only minor adaptations. Just 11 percent use advanced customization.

2 As part of the production of this book, harmonized household survey data on internet access,

internet use across a broad range of activities, and generative Al adoption were collected in 17
countries in Latin America and the Caribbean. Country-level statistics are available in the IDB
Digital Adoption Dashboard, an online companion to this book that allows users to explore pat-
terns of digital adoption and compare countries in the region with international benchmarks.
The survey covers 1,549 firms in 25 Latin American and Caribbean countries participating in
the ConnectAmericas platform. Because participation was voluntary and ConnectAmericas
firms are relatively digitally engaged, the sample is not representative of firms in the region
and likely overstates average levels of generative Al adoption. The estimates should there-
fore be interpreted with caution.



THE ARTIFICIAL INTELLIGENCE DIVIDEND: PROMISE, PARADOX, AND POLICY

Figure 1.5. Generative Al Use across Countries
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. For OECD Europe, calculations are based on Eurostat, 2025, and, for the United States, the Harvard
Project on Workforce's Generative Al Adoption Tracker, 2026.

Note: Country-group values are unweighted averages across countries with available data. Within each coun-
try, estimates use sampling weights for national representativeness. Panel A shows the use of generative Al
among adults within the three months preceding the survey. For estimates in Latin America and the Caribbean
and the United States, the sample includes adults ages 18-64. For OECD Europe, it includes individuals ages
16-64 and covers European countries that are members of the OECD. Panel B shows the use of Al among work-
ers within the three months preceding the survey. Estimates follow the same country coverage and sample
as in Panel A, except for OECD Europe, where the sample is restricted to individuals ages 25-64. Applying the
same age range to Latin America and the Caribbean reduces the estimated average use to 24 percent.

The evidence presented in Chapter 13 suggests that while generative Al
is spreading quickly as a low-cost entry point for experimentation, it is not yet
systematically embedded in firms’ production processes, decision making, or
organizational routines. More broadly, basic digital applications are increasingly
widespread, while more data-intensive and integrated uses remain concentrated
among firms with stronger capabilities. Among surveyed firms, for example,
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83 percent of microenterprises (those employing up to 10 workers) use cloud-
based storage, compared with 92 percent of large firms (those employing more
than 250 workers). The difference is much larger for advanced analytics, used by
only 37 percent of microenterprises compared with 74 percent of large firms. The
challenge, therefore, is not only to encourage adoption of digital and Al tools but
to help firms integrate them deeply into their business processes. Such integra-
tion could be essential to realizing productivity gains (Brynjolfsson, Rock, and
Syverson 2021).

Behind these adoption gaps lies a thin domestic technology ecosystem. As
discussed in Chapter 12, the importance of this ecosystem lies not only in sup-
plying digital and Al solutions but in providing the local expertise needed to adapt
technologies to local needs and support their effective integration into firms
and government operations. Many countries in the region have fewer Al-related
service providers than might be expected for the size of their economies
(Figure 1.7), reflecting a shortage of domestic firms that can customize solutions,
provide specialized services, and help diffuse new technologies across sectors.
This limitation is also visible in the size of the digital sector, with computer pro-
gramming and information services accounting for only 1.1 percent of output in
the average Latin American and Caribbean country, compared with 3.2 percent
in OECD countries.

Figure 1.6. Depth of Generative Al Use among Firms
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Source: DB staff calculations, based on data from the ConnectAmericas survey, IDB, 2025.

Note: The figure shows the cumulative share of firms reporting any generative Al use by year of
first adoption and usage mode. The sample covers 1,549 firms in 25 Latin American and Caribbean
countries.
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Figure 1.7. Prevalence of Companies Providing Al Services
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Source: DB staff calculations, based on data from Crunchbase, 2025.
Note: The figure shows the number of firms offering Al-related solutions. The dashed line indicates the lin-
ear fit. Other covers countries and economies outside Latin America and the Caribbean with available data.

In sum, the evidence presented here suggests that, although the region has
made important advances, digitalization remains incomplete, transformation is par-
tial, firm adoption lacks depth, and the broader ecosystem remains underdeveloped.

The Explanation: Why Adoption Can Remain Shallow

Why, then, does the adoption of digital technologies and Al remain so shallow
in Latin America and the Caribbean, despite their large potential benefits? As
general-purpose technologies, digital technologies and Al can be applied across
many sectors and activities, creating broad opportunities for innovation and pro-
ductivity. But deep, productivity-enhancing adoption requires four conditions:
complementary investments, sufficient scale, organizational redesign, and the
capacity to learn and coordinate under considerable uncertainty.

Like the steam engine, electricity, and computing before them, digital tech-
nologies and Al tend to diffuse gradually and unevenly. This uneven diffusion
reflects substantial differences across countries in their ability to meet these four
conditions. In Latin America and the Caribbean, weaknesses in the foundations
for digital transformation, discussed in Chapter 4, together with such structural
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features as the prevalence of small firms with limited managerial capacity and
access to credit, examined in Chapter 13, leave many countries poorly positioned
to meet these conditions. These conditions help explain why adoption often
remains shallow even when the potential gains are large.

Complementarity of Inputs

The effectiveness of digital systems, including Al tools, depends on a bundle of
complementary inputs arriving together, among which are an adequate regula-
tory framework, digital skills, connectivity, devices, and stable energy. Provided
separately, these inputs generate weak returns; combined, they can generate
large impacts. Education technology in the region illustrates this well. Although
Peru’s One Laptop per Child program raised the ratio of computers per student
from 0.12 to 118 in targeted schools, it produced no gains in test scores (Cristia
et al. 2017; Cueto et al. 2025). The reason was that the widespread distribution
of devices achieved by the program was not accompanied by the other changes
needed to improve educational activities. In contrast, Chile’'s Conecta Ideas
program paired devices with connectivity, curriculum-aligned software, and
structured, teacher-supported sessions, fundamentally changing how technol-
ogy was used in the classroom and generating large gains in math achievement
(Araya et al. 2025).

The contrast illustrates a more general principle: Digital technologies generate
their largest returns only when they are deployed together with the complementary
inputs needed to make them effective. Skills provide a clear example of why access
to Al alone is not sufficient for effective adoption. Adults with tertiary education in
Latin America and the Caribbean are more than twice as likely to use generative Al
as those with only secondary education (62 percent versus 30 percent), suggest-
ing that access to Al alone is not enough. Individuals also need the necessary skills
to integrate these tools into their work and daily activities. As Chapter 4 notes,
few governments and firms hold the full set of complementary inputs, which helps
explain why adoption remains shallow even where potential gains are large.

Economies of Scale and Scope

Digital technologies exhibit strong economies of scale and scope, making their
returns multiply as organizations expand their use. Economies of scale mainly
arise because digitalization replaces labor-intensive, per-unit activities with soft-
ware that requires a large upfront investment but whose marginal cost of serv-
ing an additional user is close to zero. Providing printed textbooks, for example,
requires purchasing and distributing a new copy for every student, whereas a
digital library requires a one-time investment but gives additional students access
to the same content at virtually no cost. Economies of scope arise because the
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same digital infrastructure and capabilities can be reused across numerous activ-
ities and services. A digital identity system, for example, can support tax filing,
social protection, health services, and financial transactions, while firms operat-
ing across multiple business lines can take advantage of the same cloud infra-
structure, software platforms, engineering teams, and Al capabilities to develop a
wide range of digital services.

These features make digital adoption more profitable for larger organiza-
tions, which can spread fixed costs across more users and extract greater value
from shared digital assets. Consistent with this, as Chapter 13 shows, larger
firms are systematically more likely to adopt digital technologies (McElheran
et al. 2024; Cirera, Comin, and Cruz 2022). This is particularly important in
Latin America and the Caribbean, where firms with one to five workers employ
57 percent of the workforce, compared with fewer than 5 percent in the United
States (Alviarez et al. 2025).

High informality compounds this scale disadvantage. As Chapter 2 shows,
more than half of the region’s workers are informally employed, and informal
firms tend to operate in low-complexity markets, are excluded from technology
financing, and remain largely outside the formal supply chains and professional
networks through which technologies and knowledge diffuse. Digital adoption,
therefore, tends to be concentrated in larger formal firms, which leaves a sub-
stantial share of economic activity beyond its direct reach and limits the diffusion
of productivity gains across the economy.

Organizational Redesign

General-purpose technologies pay off only when organizations rebuild how
they work around them, and that rebuilding—not the technology itself—is the
hard part. The pattern is an old one. When factories first electrified, productiv-
ity barely moved until they stopped simply replacing the steam engine with one
large electric motor and redesigned production around small electric motors
located at individual machines, a transformation that took decades (David 1990).
Computing repeated the lesson, as returns came not from hardware investments
alone but from the organizational changes firms made alongside them, including
redesigned processes and new work practices (Brynjolfsson and Hitt 2000). And
the same lesson appears in today’s digital transformation. Introducing prefilled
tax returns, for example, is not just a matter of digitalizing tax forms. It requires
tax administrations to redesign how information is collected, shared, and pro-
cessed by integrating data from employers, banks, and other third parties into a
common system that uses these data to populate taxpayers’ returns automati-
cally. In short, the technology is only one component; the productivity gains come
from reorganizing workflows around integrated data.
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More broadly, redesigning organizations requires reengineering processes,
redefining roles, retraining workers, and changing incentives and managerial
practices. These changes are costly and disruptive, while their payoff is gradual
and uncertain, so many firms and governments choose to layer new technology
onto existing ways of working rather than undertake the deeper organizational
transformation needed to realize its full productivity potential. In a region char-
acterized by many small firms with limited managerial capacity and restricted
access to credit, undertaking this type of organizational transformation can be
particularly challenging.

Uncertainty

New technologies create considerable uncertainty regarding both their ben-
efits and their costs. Firms and governments must make large, partly irreversible
investments in complementary assets and organizational redesign, yet the returns
depend on factors that are difficult to anticipate. When investments cannot easily
be reversed, postponing adoption until uncertainty resolves can, therefore, be
a rational response, even when the long-run benefits are substantial (Dixit and
Pindyck 1994). For general-purpose technologies such as Al, uncertainty also
extends to the nature, scale, and distribution of the risks that may accompany
adoption, reinforcing the need for experimentation, learning, and institutional
adaptation.

The uncertainty has two distinct sources. The first concerns the technol-
ogy itself. Organizations do not know which technological standards, business
models, or organizational practices will ultimately prove most effective, nor how
quickly the technology will evolve. Because no established blueprint exists for
integrating Al into production processes, organizations learn by experimenting.
The knowledge thus generated by early adopters benefits many others, a
phenomenon economists refer to as a knowledge externality. But because
the private return to experimentation falls short of the social return, firms and
governments tend to underinvest in it (Foster and Rosenzweig 1995; Bloom,
Schankerman, and Van Reenen 2013).

The second source of uncertainty concerns the behavior of others. The
returns to adoption often depend on complementary investments by custom-
ers, suppliers, governments, and other organizations through interoperable
digital infrastructure, common technical standards, or widespread technology
use. When organizations or individuals are uncertain whether others will also
adopt, many rationally choose to wait, even though all would be better off if they
adopted together. Economists refer to this as a coordination failure: Individually
rational decisions to postpone adoption can trap the economy in a low-adoption
equilibrium, despite large potential productivity gains (Katz and Shapiro 1985;
Cooper and John 1988; Higgins 2024).
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The Framework: Three Areas That Must Move Together

The four conditions described above define the requirements for effective,
productivity-enhancing adoption of digital technologies at scale. The importance
of complementary factors calls for strong institutions and regulations, adequate
skills, and reliable data and infrastructure. Harnessing economies of scale and
scope requires shared digital infrastructure and interoperable systems that can
be reused across organizations and activities. Organizational redesign requires
firms and governments to have the capabilities, incentives, and resources needed
to transform how they work. Finally, uncertainty calls for policies that support
innovation, experimentation, adaptation, the dissemination of evidence on what
works, and the coordination of investments.

Together, these requirements motivate the framework developed in Chapter 4,
which organizes coordinated action across three complementary policy areas:
establishing the enabling conditions; promoting innovation and diffusion in the public
sector; and promoting innovation and diffusion in the private sector.

Enabling Conditions

The first policy area focuses on establishing the enabling conditions for effective
digital adoption. These conditions comprise three components. The first, institu-
tions and regulations, involves establishing the governance arrangements, legal
frameworks, and incentives that enable deep digital transformation. These arrange-
ments provide the legal certainty needed to implement services such as digital pay-
ments, electronic signatures, telemedicine, and data sharing while protecting privacy,
strengthening cybersecurity, and promoting competition. Because some risks related
to Al cannot be fully anticipated, institutions must also be capable of monitoring out-
comes and adapting rules and safeguards as evidence and technologies evolve.

Figure 1.8. Policy Framework for Effective Digital Adoption

1. Enabling conditions
Inst|tut|or)s and People : Data and
regulations infrastructure

2. Public sector innovation 3. Private sector innovation
and diffusion and diffusion

Source: |DB staff.
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The second component, people, has to do with developing the necessary
human capabilities to adopt digital technologies effectively. Managers, public
officials, and workers need the skills not only to use digital technologies but to
contribute to organizational transformation by integrating digital tools into pro-
duction and service delivery and adapting processes, workflows, and managerial
practices so technology translates into productivity gains.

The third component, data and infrastructure, concerns the connectivity,
computing capacity, interoperable data systems, and digital public infrastructure
on which digital technologies rely. These investments provide the digital back-
bone that makes data usable at scale while helping organizations benefit from
economies of scale and scope by allowing many users to share common digi-
tal assets, spread fixed costs across organizations, and reuse digital capabilities
across multiple applications.

Figure 1.9 provides a snapshot of the three components of the enabling
conditions in Latin America and the Caribbean. Although several scorecards
and composite indices have been developed to benchmark countries’ progress
in digitalization and Al—such as the ITU (International Telecommunication Union)
Digital Development Dashboard and the Oxford Insights Government Al Readiness
Index—the purpose here is not to construct a comprehensive measure of digital
readiness but, rather, to illustrate some of the dimensions highlighted in the frame-
work. The indicators show that, while the region has already established important
elements of the foundations for digital transformation, substantial gaps remain.

On the institutional side, roughly two-thirds of the region’s countries have
established cybersecurity and data protection agencies, yet only about one-third
have adopted a national Al strategy. Among people, only half of adults possess
at least basic digital skills, while fewer than one-third demonstrate basic digital
problem solving or foundational math skills. The picture is similarly mixed for data
and infrastructure. Smartphone ownership is widespread, but fewer than half of
countries have developed the core digital public infrastructure or other shared
data systems needed to support deep digital adoption.

Taken together, these indicators show that, while the region has already put
into place important elements of the digital foundation, significant investments in
institutions, people, and data and infrastructure remain necessary to realize fully
the productivity gains that digitalization and Al can offer.

Public Sector Innovation and Diffusion

Public sector innovation and diffusion involve developing, adapting, and spread-
ing digital solutions that improve public administration and service delivery.
Strong enabling conditions make this possible, but individual agencies may still
lack the mandate, incentives, and resources to experiment or to reorganize how
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they work. The benefits of testing a new approach often extend beyond the
agency that bears its costs, while the returns to adoption may depend on com-
plementary investments by other agencies or levels of government. These knowl-
edge spillovers and coordination failures can leave governments with isolated
pilots, fragmented systems, and limited learning across institutions. Addressing
them is essential for moving from shallow adoption toward the effective integra-
tion of digital technologies into public services.

Figure 1.9. Selected Indicators of Enabling Conditions for Effective Digital
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Source: IDB staff calculations, based on the OGDILAC Digital Enablers, IDB, 2026; the Survey of Adult Skills
(PIAAC), Cycle 1, 2011-18; the Institute for Innovation and Public Purpose’s Digital Public Infrastructure Map,
2025; IDB (forthcoming); and LAPOP AmericasBarometer, 2025-26.

Note: The figure shows unweighted averages across Latin American and Caribbean countries with available
data for each indicator. For institutions and regulations and open data portals: Values are the percentages
of countries that have the corresponding digital enabler in place (OGDILAC 2026). For people: Values for
basic math foundational skills and digital problem-solving skills are the percentages of adults scoring at
proficiency Level 2 or above in numeracy and in problem solving in technology-rich environments, respec-
tively, based on the Survey of Adult Skills, Cycle 1 (proficiency ranges from below Level 1 to Level 5); the
result for basic digital skills is the percentage of the population with basic ICT skills, based on ITU, 2020,
and the Network Readiness Index, 2021; see IDB (forthcoming). For data and infrastructure: The value for
adults with smartphones refers to the percentage of individuals reporting ownership of a mobile phone that
can connect to the internet, based on data from LAPOP, 2025-26; core digital public infrastructure shows
the average percentage of countries with each foundational system in place (digital ID, data exchange, and
digital payments), based on the Digital Public Infrastructure Map, 2025.
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Public policy can, therefore, support both experimentation and the expan-
sion of proven solutions. Governments can provide funding and institutional
support for agencies to develop and test applications, rigorously evaluate their
effects and costs, and share the resulting evidence across the public sector.
Collaboration with the private sector and universities is essential to develop-
ing effective solutions, combining governments’ knowledge of public needs with
firms’ technological capabilities and universities’ research expertise. Scaling up
successful approaches requires coordinating complementary investments, con-
necting agencies through interoperable systems and shared digital platforms, and
redesigning workflows, responsibilities, and incentives around the technology.
Including monitoring and feedback mechanisms in implementation will allow solu-
tions to be adapted as they spread across different settings, with clear account-
ability and human oversight for high-stakes decisions. Chapters 5-11 examine
how these actions can improve public administration and service delivery across
sectors, ranging from education and health to taxation and public safety.

Private Sector Innovation and Diffusion

Private sector innovation and diffusion involve developing and adapting digital
solutions and spreading their productive use across firms. Strong enabling condi-
tions support these processes, but firms may still invest too little in experimen-
tation because some of the knowledge they generate benefits competitors and
other businesses. Adoption can also depend on complementary investments by
suppliers, customers, and technology providers, the absence of which may cre-
ate coordination problems that slow diffusion. These barriers are particularly sig-
nificant for smaller firms, which often lack the managerial capabilities, technical
expertise, and financing needed to identify suitable technologies and integrate
them into their operations. As a result, effective use may remain concentrated
among a few advanced firms, limiting productivity gains across the economy.
Public policy can, therefore, support the development of solutions suited to
local needs and help firms adopt and use them effectively. Collaboration among
firms, universities, and research centers can bring technological expertise to
practical business challenges, while competitive research funding and support
for experimentation can encourage innovations whose benefits extend beyond
individual firms. Demonstration projects, digital extension services, and infor-
mation sharing can reduce uncertainty about effective applications. Targeted
financing, combined with diagnostics, technical assistance, and managerial
training, can help firms adapt technologies and redesign production processes.
Common standards, shared platforms, and business networks can also facilitate
coordinated adoption across supply chains. These interventions can address
identifiable market failures and be evaluated to establish whether they generate
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additional adoption and productivity gains. Chapters 12-14 examine how innova-
tion and diffusion can strengthen the technology sector, raise firm productivity,
and expand opportunities through international trade and investment.

Managing Risks

Al adoption will bring risks as well as benefits. Managing them is not about slow-
ing adoption but, rather, about ensuring the gains are broadly shared and coun-
tries can sustain investments. Some effects are uncertain and require countries to
prepare for disruptions, particularly in labor markets and education.

Al will automate some tasks while expanding others, in some cases creat-
ing difficult transitions for workers. As discussed above, the consequences will
depend largely on whether workers can move toward expanding tasks, occupa-
tions, and sectors. Disruption may be greater if high labor taxes and rigid regu-
lations encourage excessive automation. Managing this risk will require income
protection for displaced workers, employment services that link them to new
opportunities, and measures to reduce barriers to mobility across jobs, occupa-
tions, and sectors.

In addition, education systems will need to adapt to Al-driven changes in skill
demand. Because these changes remain difficult to predict, it will be important to
strengthen general skills—including literacy, numeracy, analytical thinking, com-
munication, and digital literacy—that support productivity, continued learning,
and adaptability across different tasks and occupations. These capabilities can
be developed if curricula, teaching practices, and assessments evolve together.
Education systems can also help the workforce develop specialized expertise
throughout life if they avoid premature, narrow specialization and expand flexible
pathways, including short-cycle tertiary programs and opportunities for working
adults.

Other risks can be addressed more directly through the institutions and
regulations that underpin the enabling conditions in the framework set forth
above. Although threats to and responses regarding cybersecurity are known,
technological change continually reshapes both. As Al expands the scale and
sophistication of digital activity, countries will need institutions that can identify,
prevent, and respond to evolving threats. They can mitigate this risk by strength-
ening national cybersecurity agencies and incident response teams and drawing
on private sector expertise where needed.

Growing data collection raises the stakes for effective privacy protection.
Ways to manage this risk include building regulatory capacity to weigh privacy
costs and benefits, establishing clear rules for accessing, sharing, and reusing
data securely in ways that preserve privacy, and adapting safeguards as tech-
nologies and evidence evolve.
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Also in need of attention are algorithmic bias, market concentration, and
institutional control. Algorithmic systems can reproduce or amplify bias, while
economies of scale, economies of scope, and network effects can strengthen
dominant firms. Consequential automated decisions can weaken transparency,
due process, and accountability. Managing these risks requires proportionate,
evidence-based regulation; stronger competition and contestability; transpar-
ency and auditability; human responsibility for high-stakes decisions; meaningful
avenues for explanation and appeal; and independent oversight.

Targeted Applications versus Systemwide Transformation

Why does the framework place so much emphasis on strengthening enabling con-
ditions and promoting innovation and diffusion, rather than simply encouraging
the adoption of individual digital applications? The answer is that while isolated
targeted applications can generate meaningful benefits, the largest productivity
gains come from transforming how entire systems operate. This is not because
targeted applications fail to deliver value where conditions are unfavorable. They
often deliver value even under these conditions. Even where uncertainty is high,
institutions are weak, and data are thin, useful targeted applications can generate
value. A mental health app evaluated in Mexico, for example, reduced depres-
sion by 20 percent at a cost of six dollars per person (Angelucci, Fabregas, and
Vazquez 2026).

But the same feature that makes such applications work under adverse con-
ditions also limits how far their effects reach. Built to ask little of their environ-
ment, targeted applications adapt the technology to weak environments rather
than inducing the changes in the environment needed to accommodate the tech-
nology. They can, therefore, generate value quickly, but they also create little
incentive to invest in the interoperable data systems, shared infrastructure, orga-
nizational capabilities, and institutional arrangements that deep digital adoption
requires. As a result, they forgo the key mechanisms through which digital tech-
nologies generate their largest productivity gains. They rarely reach the scale
at which fixed costs are spread and returns compound. They do not share data
across services, so they capture none of the economies of scope that come from
combining information across domains. And because organizations can adopt
them without fundamentally changing how they operate, existing workflows,
roles, and incentives remain largely intact, so the organizational redesign dis-
cussed earlier never takes place. The simplicity that lets a targeted application
succeed as a pilot is precisely what keeps it from changing the system around it.

Systemwide change requires the opposite: deployments built on the foun-
dations and spread by diffusion, which capture the key mechanisms targeted
applications forgo. The health system in Sdo Paulo, Brazil, based on the “phygital”
model explained in Chapter 6, illustrates the difference. It reaches 3.4 million app
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users and integrates 1.5 billion health events into a single interoperable layer,
realizing the economies of scope that pooled data make possible; and it uses that
integrated base to reorganize care, shifting from reactive treatment toward pro-
active monitoring and management of patients at greatest risk of adverse health
outcomes. Scale, scope, and redesign are what the foundations and innovation
and diffusion make possible, and together they turn a service that helps individu-
als into one that reshapes how a health system works. Applied across public ser-
vices and private production, this is what transforms isolated digital applications
into systemwide productivity gains.

The Path Forward: Shared Destination, Country-Specific Routes

The largest productivity gains come from systemwide transformation, but
countries differ in the resources and capabilities they can mobilize. The
destination—the enabling conditions necessary for digitalization and Al adoption
and the spread of effective use across the public and private sectors—is shared.
The route must be country specific.

Establishing enabling conditions and promoting innovation and diffusion in
the public and private sectors are complementary priorities. Strong enabling con-
ditions support both sectors, while experience developing and deploying digital
solutions helps identify where those conditions need strengthening.

The order and pace of reforms should reflect each country’s starting point,
fiscal space, institutional capabilities, and policy priorities. Countries with tighter
constraints can begin with targeted applications that offer high benefit-to-cost
ratios while selectively strengthening the conditions those applications need
to function effectively. Those with more advanced digital systems and greater
resources can move on several fronts at once. Risk management should accom-
pany either route throughout.

Whatever the sequence, the following recommendations establish priorities
for each component of the enabling conditions and for each of the two innova-
tion and diffusion areas. Together, they form a set of priorities recommended for
all countries in the region. Chapters 5-14 complement them with sector-specific
recommendations.

Enabling conditions. Countries should strengthen the institutions that guide
digital transformation, develop the skills and foster the initiative needed to drive
organizational change, and deploy shared digital services that support adoption
across government and firms.

Institutions and regulation: Strengthen institutional capacity to coordinate
and advance digital transformation. Countries should designate an authority
with the mandate, technical capacity, resources, and political backing to coor-
dinate digital transformation across government. That authority should promote
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collaboration across ministries and levels of government, ensure that systems
are interoperable, and make procurement more efficient. Countries should also
strengthen cybersecurity by building the technical capacity to prevent, detect,
and respond to cyber threats and to protect critical systems. Finally, they should
assess regulatory needs using sound evidence. New rules to address emerging
risks should be adopted only when evidence-based analysis shows that their
social and economic benefits outweigh their costs.

People: Develop digital skills among public- and private-sector managers
and empower internal innovators. Managers have an outsized influence on how
their organizations perform. Building their digital skills can raise organizational
productivity and prepare them to lead organizational change: redesigning work-
flows and putting in place the changes needed to realize technology’s benefits.
At the same time, organizations should give internal innovators who understand
operational challenges the mandate, time, and resources to propose, develop,
and test new solutions to drive change internally.

Data and infrastructure: Deploy digital identity, data sharing, and digital pay-
ments. These foundational services provide shared capabilities that agencies and
firms can use across multiple applications. They generate economies of scale
because serving additional users entails minimal marginal costs, economies of
scope because the same capabilities support services across multiple sectors,
and network effects because their value grows as more users and organizations
participate. Secure, interoperable systems with appropriate privacy safeguards
help translate these benefits into better services.

Public-sector innovation and diffusion. Transform public services
through reorganization, data integration, and Al. Governments should simplify
procedures and reorganize workflows to improve how public services oper-
ate, reducing unnecessary steps and designing services around the needs of
citizens and firms. Connecting information across agencies can then provide a
fuller view of those needs, support coordinated service delivery, and reduce
repeated requests for information. Embedding Al in these integrated systems
can help governments anticipate needs, tailor services, and make better oper-
ational decisions. Governments should test new approaches, evaluate their
effects on service quality and costs, and scale up effective solutions across
agencies. Together, these changes can make public services more personal-
ized, proactive, and efficient.

Private-sector innovation and diffusion. Boost firms’ capacity to develop
and adopt digital technologies. Governments should expand STEM and Al
education and support applied research partnerships that develop solutions for
local needs. To ease implementation barriers, support should combine financing
calibrated to market failures with diagnostics, technical assistance, and training
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tailored to firms’ readiness. Business networks and technology centers, together
with policies that facilitate trade and investment, can spread knowledge and
effective practices across firms. Governments should evaluate whether these
interventions generate additional adoption and productivity gains, using the
results to guide decisions about continued funding and expansion.

These priorities define a common policy core while leaving countries room
to determine the order, pace, and combination of actions appropriate to their
circumstances.

Conclusion

Latin America and the Caribbean has spent 60 years in a low-productivity trap
that conventional policy has been unable to overcome. The consequences of
that stagnation extend well beyond slow income growth to reach many sectors,
including education, health, and public safety. For the first time in decades, how-
ever, the region has access to technologies with the potential to raise productiv-
ity in firms and the public sector simultaneously.

But aspiration is not destiny. The opportunity will be realized only if coun-
tries confront the structural reasons general-purpose technologies are difficult
to adopt—the absence of complementary inputs, the need for organizational rede-
sign, scale and scope disadvantages, rational uncertainty, and genuine risks—and
they will succeed only if they establish the necessary enabling conditions and pro-
mote innovation and diffusion in both the public and private sectors with equal
seriousness. None of those obstacles is a law of nature, and every one of them is
something policy can affect. Al has the potential to help the region break out of its
longstanding productivity trap. Realizing that potential is worth working for.
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Digital Transformation, Al, and
the Path to Inclusive Growth

As Chapter 1 shows, the gross domestic product per capita of Latin America and
the Caribbean has stagnated relative to that of the United States since 1960,
while other regions, primarily emerging Asia, have narrowed the gap substantially
(Figure 1.1). The reason is six decades of slow growth: The region’s GDP per capita
has increased by an average of 1.8 percent per year, compared with 2.3 percent
in Organisation for Economic Co-operation and Development (OECD) economies
and 4.6 percent in emerging Asia (Figure 2.1, Panel A).! This is mainly because the
region produces too little with the inputs it has. Growth in aggregate total fac-
tor productivity (TFP), the standard measure of how efficiently capital and labor
are allocated and combined into output, has been persistently weak (IDBG 2025;
Busso, Madrigal, and Pagés 2013; Daude and Fernandez-Arias 2010; Restuccia
2013). During this period, TFP contributed about -0.2 percentage points per year
to GDP per capita growth, compared with close to 1 percentage point in OECD
economies and more than 2 percentage points in emerging Asia. Relative to the
United States, and starting from a normalized value of 1in 1960, the region’s TFP
fell to about 0.56 by 2023, while emerging Asia’s rose to about 1.30 (Figure 2.1,
Panel B). At its core, the region's development deficit is, therefore, a productivity
deficit.

Central to both this record and the prospects of improving it are labor mar-
kets. Part of the productivity shortfall originates there, as an average of more
than 55 percent of workers in Latin America and the Caribbean are informal
(that is, they are not affiliated with social security). The proportion is close to or
above 80 percent in countries such as Bolivia, Honduras, and Peru (Douenne,
Pedroni, and Schweitzer, forthcoming). Own-account self-employment is
also widespread and concentrated in low-productivity activities (La Porta

" To highlight the role of productivity in a comparative perspective, Figure 2.1 focuses on

three regions: Latin America and the Caribbean, emerging Asia, and OECD countries.
References to the OECD in this chapter, as throughout the book, exclude member countries
in Latin America and the Caribbean.
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Figure 2.1. Latin America and the Caribbean’s Productivity Deficit

A. TFP and factor contributions to GDP per capita growth, 1960-2023
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and Shleifer 2014). This can result from distortions created by labor regula-
tions, social insurance, or tax regimes that penalize salaried relative to non-
salaried work, thereby keeping wage employment inefficiently low and trapping
resources in these activities (Levy 2018). These and other inefficiencies add up
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to a large deficit. Labor productivity in Latin America and the Caribbean is about
26 percent of the U.S. level. Therefore, it takes nearly four workers in the region
to produce what one U.S. worker does (Gonzalez-Velosa et al. 2026).

How can the region raise productivity? Important to achieving this goal are
innovation (the creation of new technologies and processes) and technology
adoption and transformation (their diffusion across firms that put them to effec-
tive use). By allowing firms to produce more output with the same inputs, both can
drive productivity and growth, especially in economies well integrated with global
markets (Schumpeter 1942; Romer 1990; Aghion and Howitt 1992; Jones 2019).
The effects can be large. In the United States between 1948 and 2018, periods with
bursts of major inventions were followed by noticeably faster productivity growth
of about 0.5 percentage points more per year in the five years that followed each
burst (Kelly et al. 2021). Across countries from 1820 to 2000, differences in how
technologies spread accounted for about 75 percent of the widening of the income
gap between rich and poor countries (Comin and Mestieri 2018).2

Against this backdrop, digital technologies and, particularly, artificial intel-
ligence (Al) offer Latin America and the Caribbean a major opportunity to escape
its low-growth trap by raising TFP. They also, however, create significant risks.
The analysis presented in this chapter yields four main messages in this regard.

First, digital technologies, including Al, affect productivity, employment,
wages, and growth through three interacting channels: task reallocation and
labor augmentation, capital augmentation, and innovation expansion and
acceleration. While some effects operate similarly across successive digital
waves—that is, periods of major advancement in digital technologies—others are
sharpened or qualitatively altered by Al.

Second, the potential aggregate gains from Al adoption could be substan-
tial. Under reasonable assumptions, and considering only the current state of
the technology and the task reallocation and labor augmentation channel, the
region’s total factor productivity and output could be 2.3 percent and 5.1 percent
higher, respectively, after 10 years if countries reach high Al adoption rates and
Al substantially raises productivity in completing tasks (the high-adoption, high-
productivity impact, or HA-HI, scenario). If, instead, adoption remains low and Al
raises productivity only modestly (the low-adoption, low-productivity impact, or
LA-LI, scenario), these gains would be just 0.1 percent and 0.3 percent, respec-
tively. Informality could reduce these gains further by weakening the mecha-
nisms through which they spread across the economy, including the diffusion
of Al across firms, both directly, because informal firms have limited access to
finance, and indirectly, because they participate less in formal supply chains and
professional networks.

2 This is mainly because poorer countries use new technologies less intensively once they

arrive, not because they adopt them later.
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Third, wage gains from Al depend on the successful reallocation of labor.
These gains materialize only if workers can move from shrinking to expanding
occupations or sectors or if they shift within their current jobs toward tasks in
which they retain a comparative advantage. Without such reallocation, wage
effects are estimated to be negative across countries, education groups, and
genders. If, instead, workers can move across jobs or across tasks within jobs,
wage effects turn positive and sizable for most groups, although some, such
as young tertiary-educated women, may still experience small losses. What
makes the current situation particularly challenging is that Al-driven displace-
ment is beginning to reach workers who perform nonroutine cognitive tasks, a
group for whom existing retraining options are limited. In Latin America and the
Caribbean, labor regulations may compound the problem. Where high nonwage
costs and dismissal protections already discourage formal wage employment,
labor-replacing Al can accelerate the shift away from wage work even when it
brings little productivity gain, reinforcing displacement.

Finally, potentially large gains from Al through the creation of new tasks for
workers and from innovation more generally depend on complementary conditions
that are weak in Latin America and the Caribbean. Research and development
spending in Latin America as a share of GDP is just over a third of the global aver-
age (UNESCO 2021). Because research also builds the capacity to absorb tech-
nologies developed elsewhere, this limited research base is a constraint not only on
innovation but on adoption (Griffith, Redding, and Van Reenen 2004). Absorptive
capacity, including managerial quality, is also scarce among the region’s many
small, less productive firms (Cirera et al. 2021; Cusolito and Maloney 2018). As
a result, unless these conditions are improved, new tasks may not emerge at the
pace adoption requires, and the gains from Al-driven innovation could be smaller
and more concentrated in the region than in advanced economies.

How Digital Technologies Affect Economic Performance

Digital technologies create economic value by reducing costs in two conceptually
distinct ways. The first, which mainly concerns production, is to reduce the cost
of having machines perform tasks. Tasks are the individual activities that go into
producing goods and services, such as answering a customer query, drafting a
contract, or assembling a part. A job typically combines many tasks, some of which
are currently performed by machines and others by workers only. Digital technolo-
gies, including Al, reduce the cost of having machines perform tasks along two
margins. They enable machines to do things they could not do before (the “capabil-
ity margin”); and the equipment and software that embody them become cheaper
with each generation, encouraging firms to use them more (the “price margin”;
Greenwood, Hercowitz, and Krusell 1997; Krusell et al. 2000). The second way
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these technologies create value, which mainly concerns interactions among buy-
ers, sellers, and other economic agents, is to reduce transaction costs: the costs
of searching for information, transporting information and digital goods, tracking
behavior, and verifying identity and reputation. They also make digital goods almost
costless to replicate (Goldfarb and Tucker 2019).2 In addition, Al reduces the cost
of prediction—an essential input for making decisions with incomplete information
in both production and transactions (Agrawal, Gans, and Goldfarb 2018).

These cost reductions affect the economy through the three interacting chan-
nels of task reallocation and labor augmentation, capital augmentation, and inno-
vation expansion and acceleration. In terms of the economy’s task structure, these
reductions can have three types of effects. Within the existing set of tasks, they
can shift the boundary between tasks performed by labor and those performed by
machines, or they can raise output at an unchanged boundary by lowering the cost
of tasks already performed by workers or machines, including by making both more
productive in those tasks. Beyond the existing set of tasks, they can expand the
set of tasks and products itself. The size, speed, and distribution of these effects
depend on several conditioning factors, presented in Figure 2.2 and discussed
below. Underlying all of this, the entire process is shaped by general enabling con-
ditions (institutions and regulations, skills, and digital infrastructure and data) and
by factors specific to diffusion in the public and private sectors (such as market
and coordination failures, organizational frictions, and the policies that address
them), both part of the framework proposed in Chapters 1 and 4.

Two layers of effects cut across these channels. A common layer operates
across successive waves of digital technology, with each wave deepening the
channels opened by its predecessors. An Al-specific layer introduces two quali-
tatively new features: First, whereas earlier automation mainly affected routine
tasks, Al extends automation to nonroutine cognitive tasks, typically performed
by more highly skilled workers; and, second, Al can serve as a method of inven-
tion in its own right, changing how new ideas are produced.*

°  Digital technologies make it cheaper to search for and compare information about prod-

ucts, prices, and potential commercial partners and workers; to move digital goods and
information, which changes the role of geography; to track individuals’ behavior, allowing
firms to tailor products, prices, and advertising; and, through online rating and reputation
systems, to verify the reputation and trustworthiness of individuals and firms. They also
make digital goods almost costless to copy, and one person’s use of these goods does not
reduce what is available to others.

Channel 1 corresponds to the task framework of Acemoglu and Restrepo (2018, 2019) and
the extensive margin of automation (Zeira 1998); Channel 2 to investment-specific techni-
cal change (Greenwood, Hercowitz, and Krusell 1997) and the deepening of automation
(Acemoglu 2025); and Channel 3 to endogenous growth through innovation (Romer 1990;
Aghion and Howitt 1992), with Al as a method of invention (Cockburn, Henderson, and
Stern 2019).
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Figure 2.2. Effects of Digital Technologies on Productivity, Output,
Employment, and Wages: Transmission Channels
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Note: The box labeled “Digital technologies” reflects the full digital-technology stack (information and communi-
cation technologies, internet, robots, platforms, generative Al). Channel 1 comprises three joint forces (displace-
ment, augmentation, and reinstatement) whose direct effects on exposed labor pull in opposite directions; the
net effect on employment and wages is the balance of these forces, and its realized sign is set by reallocation
within the conditioning layer. Channel 3 operates on the rate of TFP growth, with Al as a method of invention;
its dashed loop to Channel 1 indicates that innovation creates the new tasks feeding the reinstatement force.

The rest of this section examines the three channels through which digital
technologies and Al affect productivity, employment, wages, and growth; the fac-
tors that shape the size, speed, and distribution of these effects; and the role of
informality, a conditioning factor of particular relevance to the region.

Channel 1: Task Reallocation and Labor Augmentation

Channel 1, task reallocation and labor augmentation, is where digital technolo-
gies, including Al, meet the labor market. It concerns cost reductions that arise as
machines become capable of tasks they previously could not perform or as equip-
ment and software become cheaper, and that affect either the distribution of tasks
between workers and machines or workers’ productivity in the tasks they perform.
The effects of these cost reductions on employment, wages, and productivity
operate through three forces: displacement, augmentation, and reinstatement.®

° Reinstatement, the creation of new tasks for workers, links this channel to Channel 3,
which examines the broader expansion of tasks and products.
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The displacement force. Displacement occurs when machines take over
tasks previously performed by workers (Acemoglu and Restrepo 2019). Digital
technologies have expanded the range of tasks machines can perform in two
domains: a cognitive domain, in which information and communication technolo-
gies (ICT) and, more recently, Al perform information-processing tasks, and a
physical domain, in which computer-controlled machinery and robots perform
manual tasks.®

In both domains, computerization first displaced routine tasks—those that
can be carried out by following explicit rules. In the United States from the 1970s
onward, computerization was associated with a decline in the amount of labor
devoted to routine cognitive and routine manual tasks within industries, occupa-
tions, and education groups (Autor, Levy, and Murnane 2003). Robots added a
further source of displacement in manufacturing: One additional robot per thou-
sand workers reduced the U.S. aggregate employment-to-population ratio by
about 0.2 percentage points and wages by 0.4 percent, with larger effects at
the local level (Acemoglu and Restrepo 2020). Across 17 developed countries,
robots raised labor productivity without significantly reducing total employment,
although they reduced the employment share of low-skilled workers (Graetz and
Michaels 2018).

Evidence for Latin America and the Caribbean is more limited but also
points to displacement. In Argentina, Brazil, and Mexico between 2004 and
2016, robots mainly replaced formal salaried jobs in more exposed districts,
particularly among young and semiskilled workers, and informal employment
acted as a buffer that prevented a larger increase in unemployment (Brambilla
et al. 2023).7

Generative Al extends machine capabilities to nonroutine cognitive tasks
that earlier technologies could not perform, such as drafting, summarizing,
coding, and synthesizing information. An occupation’s exposure to large lan-
guage models—the share of its tasks that these models could perform or
substantially speed up—increases with the importance of programming and
writing skills in that occupation. Moreover, higher-wage occupations tend to
be more exposed (Eloundou et al. 2024). Studies of earlier Al and machine-
learning technologies already pointed to displacement. Within firms, tasks more
exposed to them in 2010-23 subsequently experienced lower labor demand,

5 Developments in the two domains overlapped in time rather than following one another.

Industrial robots predate the diffusion of personal computers, since the first, Unimate, was
produced in 1961 (Gasparetto and Scalera 2019), but their use expanded rapidly from the
1990s (Acemoglu and Restrepo 2020), alongside the spread of ICT.

On average, earlier automation did not polarize labor markets in developing countries as it
did in advanced economies, although there are signs of polarization in a few (Maloney and
Molina 2016).
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although overall employment effects were modest because productivity gains
raised the demand for labor at adopting firms (Hampole et al. 2025). Evidence
that exposure to GenAl translates into displacement is now emerging. In the
United Kingdom, firms more exposed to large language models have reduced
employment, with effects concentrated in junior positions, and have sharply
curtailed new hiring, with the steepest declines in technical and creative roles
(Klein Teeselink 2025). In the United States, since the widespread adoption of
GenAl, workers ages 22 to 25 in the most exposed occupations have experi-
enced a 19 percent relative decline in employment, concentrated in occupa-
tions where Al automates rather than augments human labor (Brynjolfsson,
Chandar, and Chen 2026).

Two qualifications are important, the second especially for Latin America
and the Caribbean. First, displacement at the task level does not translate one-
for-one into job losses. When new tasks emerge or technology complements
workers in the tasks they retain, occupations are reshaped rather than elimi-
nated. In the United States, the spread of automated teller machines did not
eliminate bank tellers. By lowering the cost of operating branches, it led banks
to open more of them, and tellers shifted toward relationship banking (Bessen
2015a).

Second, displacement need not raise productivity. When the tax system
favors capital over labor, firms may automate tasks that bring little productiv-
ity gain, displacing workers while reducing efficiency and pushing employment
below its socially optimal level (Acemoglu, Manera, and Restrepo 2020). In Latin
America and the Caribbean, this is not a theoretical possibility but a central policy
concern, because taxes, social insurance contributions, and labor regulations
raise the cost of formal salaried employment, as documented for Mexico (Levy
2018). Firms, therefore, face an artificial incentive to replace formal workers with
machines, and some displacement may reflect distorted input prices rather than
genuine efficiency gains. As Al widens the range of tasks that can be automated,
the same distortions could steer adoption toward replacing workers rather than
raising productivity.

The augmentation force. Augmentation occurs when technologies make
workers more productive, both in the tasks they retain after a technology is
introduced and in complementary tasks. In earlier waves of digital technologies,
these gains depended on complementary investments. In the United States,
firms obtained higher productivity from information technology when they com-
bined it with complementary workplace reorganization (Bresnahan, Brynjolfsson,
and Hitt 2002). In Europe, affiliates of U.S. multinationals obtained higher
productivity from information technology than those of other multinationals,
mainly because of their people management practices (Bloom, Sadun, and Van
Reenen 2012).
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In Latin America and the Caribbean, the capabilities on which these returns
depend also shape adoption itself. In the Brazilian state of Ceard, most formal
firms still relied on predigital technologies for general business functions, and
adoption varied widely across firms, including within the same sector. Firms with
better-educated managers, more structured management practices, such as for-
mal incentives and performance monitoring, and more college-educated workers
used more sophisticated technologies (Cirera et al. 2021).

Generative Al extends augmentation to cognitive tasks such as writing, cod-
ing, and customer support, with large average productivity gains in the tasks
studied. At a Fortune 500 company providing business software to U.S. small busi-
nesses, whose customer-support agents were mostly based in the Philippines,
the staggered introduction of an Al assistant raised the number of customer
issues resolved per hour by 15 percent on average and by about 30 percent for
less experienced and lower-skilled agents (Brynjolfsson, Li, and Raymond 2025).
In an online experiment with college-educated professionals recruited through
the Prolific platform, access to ChatGPT cut the time spent on mid-level profes-
sional writing tasks by 40 percent while raising output quality by 18 percent (Noy
and Zhang 2023). In another experiment, freelance software developers, mostly
from India and Pakistan, who had access to GitHub Copilot completed a program-
ming task 56 percent faster than those without it (Peng et al. 2023).

The reinstatement force. Reinstatement occurs when new tasks are intro-
duced for workers (Acemoglu and Restrepo 2019). The long-run effect of automa-
tion on employment thus depends on how fast these new tasks emerge relative
to how fast existing ones are automated (Acemoglu and Restrepo 2018). In other
words, new tasks, occupations, and goods in which labor retains a compara-
tive advantage can help absorb displaced workers and counteract the downward
pressure automation puts on the labor share. Each digital wave has created such
tasks. Occupations such as software engineering, for instance, did not exist until
technological innovations created a need for them (Autor 2024). New Al-related
tasks, such as prompt engineering, model fine-tuning, and Al safety auditing, are
now emerging, although their long-run scale is uncertain.

Reinstatement cannot be assumed to arrive at the pace adoption may
require (Acemoglu and Restrepo 2019). Higher education in Latin America and the
Caribbean expanded rapidly in the 2000s, but on average only half of students
complete their degrees (Ferreyra et al. 2017), which limits the base for absorb-
ing new cognitive tasks. Past adjustment to automation has also relied partly on
informality: Workers displaced by robots moved partly into informal employment
(Brambilla et al. 2023). Meanwhile, firms' capacity to innovate and, hence, to gen-
erate new tasks, is limited, as innovation lags among those that are less produc-
tive (Crespi, Tacsir, and Vargas 2016), which make up a relatively large share in
Latin America and the Caribbean (Pagés 2010).
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Channel 2: Capital Augmentation

The second channel, capital augmentation, carries the cost reductions that raise
output without changing which tasks are performed by workers and which by
machines. These include cheaper and better digital capital for tasks that machines
already perform, as well as lower transaction costs.?

Capital deepening. As equipment becomes cheaper with each generation,
firms accumulate more of it per worker, which raises labor productivity. The gains
have been large. In the United States, technological change embodied in new,
more efficient equipment accounted for close to 60 percent of postwar growth
(Greenwood, Hercowitz, and Krusell 1997), and industries that produce informa-
tion technology or use it most intensively accounted for virtually all of the accel-
eration in labor productivity after 1995 (Stiroh 2002; Jorgenson, Ho, and Stiroh
2008). Capital deepening also has distributional effects. When new equipment
complements skilled workers, as many digital technologies do, it raises their rela-
tive wages. In the United States, this complementarity can account for most of
the variation in the skill premium over the three decades leading up to the early
1990s (Krusell et al. 2000), consistent with broader evidence on skill-biased
technological change (Autor, Katz, and Krueger 1998; Goldin and Katz 2008).

Transaction cost reductions. Lower transaction costs widen markets and
improve the matching of buyers and sellers, and the effects can be large. In
fisheries in the Indian state of Kerala and grain markets in Niger, mobile phones
sharply reduced price differences across markets (Jensen 2007; Aker 2010). In
12 African countries, the arrival of fast internet raised the probability of being
employed by 3-13 percent (Hjort and Poulsen 2019). More broadly, the inter-
net has also increased trade in both goods and services (Freund and Weinhold
2002, 2004), and machine translation on eBay raised U.S. exports on the plat-
form to Spanish-speaking Latin American countries by 18 percent (Brynjolfsson,
Hui, and Liu 2019). Al further reduces the cost of prediction, with applications
such as recommendations and translation (Agrawal, Gans, and Goldfarb 2018),
and Al deployed in mobile apps has greatly increased the number of their for-
eign users (Sun and Trefler 2026). Al has also helped firms find commercial
partners abroad and increased trade (Chen and Volpe Martincus 2026).

Channel 3: Innovation Expansion and Acceleration

The third channel, innovation expansion and acceleration, carries the falling cost
of innovation to the economy. Here Al may play a distinctive role: Beyond creating

8 In general equilibrium, the boundary can respond to Channel 2 forces; such induced move-

ments are routed to Channel 1. The capital-skill complementarity of Krusell et al. (2000)
operates through relative marginal products rather than task reassignment, which is why it
belongs in this channel.
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new tasks, as earlier waves of digital technology did, it can serve as a new method
of invention that changes how research itself is done (Cockburn, Henderson, and
Stern 2019). In the United States, firms that invested more in Al between 2010 and
2018 grew faster in sales and employment than firms that invested less, primar-
ily through product innovation; they registered more trademarks and product pat-
ents, although their investments had not yet led to measurable productivity gains
(Babina et al. 2024). In research itself, machine learning can help generate new
hypotheses from large datasets (Ludwig and Mullainathan 2024), and Al can speed
up discovery and raise its chances of success by predicting which candidates,
such as drugs, are most worth testing (Agrawal, McHale, and Oettl 2024). Through
this channel, Al could raise not only the level of productivity but its long-run growth
rate. The channel also feeds back into Channel 1, as innovation creates the new
tasks that drive reinstatement, and its pace helps determine whether displacement
is offset in the long run (Acemoglu and Restrepo 2019).

The innovation channel operates at two levels. Firm-level innovation depends
on adoption and managerial capability, while scientific discovery depends on
national research systems, university capacity, and access to advanced com-
puting and data. The two are linked, because research capacity matters even
for countries that mainly adopt technologies developed elsewhere. Research
and development has two roles: It generates innovation directly, and it builds
the capacity to absorb and adapt advances made at the technological frontier
(see Chapter 12). Across 12 OECD countries, research and development has been
important both for innovation and for catching up to more productive countries
(Griffith, Redding, and Van Reenen 2004).

In Latin America and the Caribbean, both levels are constrained. Research
and development spending in Latin America fell from 0.73 percent of GDP in
2014 to 0.66 percent in 2018, while the global average rose to 1.79 percent
(UNESCO 2021). The deficit is even wider for Al. Latin America accounts for
about 6.6 percent of global GDP but only 112 percent of global Al investment.
Brazil hosts about 90 percent of the region’s supercomputing capacity; more
than half of the region’s countries lack critical infrastructure and advanced Al
training; and the openness and standardization of data remain limited (ECLAC
and CENIA 2025).°

9 Estimates of the region’s share of global Al activity vary with the measure, year, and source.

Based on IDC data on spending on Al technologies, such as servers, software, and cloud
services, Latin America accounted for 1.56 percent of the global total in 2023 (Jung and
Katz 2026) and 2.57 percent in 2024 (Katz et al. 2025). The Latin American Artificial
Intelligence Index measures investment in Al instead, a different concept, and puts the
region’s share at 112 percent (ECLAC and CENIA 2025). All three are well below the region’s
share of global GDP.

39



40

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

At the firm level, as noted above, the region’s capacity to innovate is lim-
ited. Raising research spending alone would not close these gaps. Developing
countries invest little in innovation, despite its potential returns, mainly
because they lack complementary physical and human capital. In particu-
lar, firms’ managerial capabilities are weak, and research-centered policies
are likely to fail without capable private sector partners (Cirera and Maloney
2017). Domestic research capacity is, therefore, a strategic complement to
firm-level adoption. Each raises the returns to the other, and the ability of
Latin America and the Caribbean to benefit from Al depends on strengthening
both.

Determinants of the Size, Speed, and Incidence of the Effects

Whether the gains from digital technologies, including Al, materialize, how
quickly they materialize, and who benefits from them depends on five inter-
related factors. The first is timing: Gains often appear only after firms make
complementary investments. The second is diffusion: Gains spread unevenly,
from the most advanced firms to the rest. The third is reallocation: Aggregate
productivity rises more if resources move toward more productive firms.
The fourth is market structure and trade: Scale, network, and scope effects
shape whether gains are broadly shared or concentrated in a few firms, and
lower trade costs determine how far they extend across borders. And the
fifth is incidence: Gains and losses are distributed unevenly across workers,
depending on their education, gender, and age. The following examines each
in turn.

Productivity realization and the J-curve. Productivity gains from digital
technologies can take time to emerge.”® When firms adopt a new general-purpose
technology, they must also invest in skills and reorganize work. Because these
complementary investments are largely intangible and poorly measured in
official statistics, productivity growth is initially understated and only later rises
as those investments pay off, a pattern that has been called the productivity
J-curve (Brynjolfsson, Rock, and Syverson 2021). In the United States, ICT con-
tributed substantially to productivity growth, but only with sizable lags and
conditional on complementary organizational and human-capital investments
(Stiroh 2002; Jorgenson, Ho, and Stiroh 2008; Bresnahan, Brynjolfsson, and
Hitt 2002; Brynjolfsson and Hitt 2003). A similar dynamic may now be emerging
for Al. In a survey of firms in Australia, Germany, the United Kingdom, and the
United States, 89 percent reported no impact of Al on labor productivity over

9" Jones (2026) examines both Al's potential to accelerate growth and how that acceleration
can be delayed by bottlenecks in tasks that remain difficult to automate.
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the previous three years, yet they anticipated gains of about 1.4 percent over
the next three (Yotzov et al. 2026).

Diffusion and the frontier-laggard gap. The early gains from general-
purpose technologies tend to be concentrated among the most advanced
firms."™ In the United States, growth driven by Al investment has been con-
centrated among larger firms (Babina et al. 2024).”? In Latin America and the
Caribbean, aggregate adoption statistics can mask large differences across
firms, even within the same sector, and the conditions for diffusion (absorp-
tive capacity, managerial quality, and complementary intangibles) are pre-
cisely what laggard firms lack (Cirera et al. 2021; Cirera, Comin, and Cruz
2022; Cusolito and Maloney 2018). Closing the productivity gap, therefore,
requires spreading technologies and capabilities to these firms and reallocat-
ing resources across firms, not just adoption at the frontier. Management qual-
ity is a case in point. Across more than 11,000 firms in 34 countries surveyed
between 2004 and 2014, differences in management practices accounted for
about 30 percent of TFP differences, both between countries and among firms
within countries (Bloom, Sadun, and Van Reenen 2016). Yet these capabilities
can be built. In a randomized trial with 432 small and medium-sized firms in
Puebla, Mexico, one year of management consulting raised total factor pro-
ductivity, and employment and the wage bill were about 50 percent higher
five years later (Bruhn, Karlan, and Schoar 2018). In Colombia, group-based
consulting for auto parts firms improved management practices by 8 to 10
percentage points and raised sales, profits, and labor productivity (lacovone,
Maloney, and McKenzie 2022).

Reallocation across firms and misallocation. Alongside the slow dif-
fusion of frontier technologies, a substantial share of cross-country TFP dif-
ferences arises from a misallocation of resources that leaves them trapped in
less productive firms (Hsieh and Klenow 2009; Restuccia and Rogerson 2017).
That misallocation is much larger in Latin America than in the United States
(Busso, Madrigal, and Pagés 2013). One contributing factor is imperfect infor-
mation about firms’ prospects (David, Hopenhayn, and Venkateswaran 2016).
Technologies that lower the cost of predicting how firms will perform could
improve input, credit, and investment decisions, thereby raising aggregate
TFP through the reallocation of resources toward their most productive uses.
This benefit is not guaranteed, however, as resources must actually move
toward the more productive firms. In Latin America and the Caribbean, such

""" The global productivity slowdown of the first two decades of the 2000s coincides with
a widening gap between frontier firms and laggards (Andrews, Criscuolo, and Gal 2016;
Akcigit and Ates 2023).

12 In Brazil, Al adoption rises sharply with firm size (see Box 2.1).
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movement could be heavily conditioned by the regulatory burden (Levy 2018;
Ulyssea 2020) and the availability and quality of human capital (Cusolito and
Maloney 2018).

Market structure and trade. Technologies that lower costs when imple-
mented more widely (that is, that confer scale advantages) and become
more useful as more firms use them (network effects) reshape market
structure and the geography of exchange. Such technologies have been
linked to rising product market concentration and a falling labor share in the
United States and other advanced economies (Autor et al. 2020), as well
as to rising markups in the United States (De Loecker, Eeckhout, and Unger
2020). Because they shift sales toward the most productive firms, aggregate
productivity gains can coexist with rising market power.”®* Economies of scope,
the cost savings from producing several products together rather than sepa-
rately, often because they share inputs, operate alongside scale and network
effects (Panzar and Willig 1981). Since data can be used by more than one
firm and reused for many purposes (Jones and Tonetti 2020), and falling costs
of operating across product lines let the most efficient firms spread into new
markets (Aghion et al. 2023), digital firms expand across markets as well
as within them. Al intensifies these forces. Incumbents can reuse the train-
ing data they accumulate to enter adjacent services (economies of scope),
and developing frontier models involves very large fixed costs (economies
of scale).

On the trade side, paperless customs, single-window systems, and other
facilitation measures reduce clearance times and administrative border costs that
account for a substantial share of total trade costs, and they have expanded
trade in Latin America and the Caribbean (Volpe Martincus 2016; see Chapter 14).
Al opens new possibilities by lowering language barriers (Brynjolfsson, Hui, and
Liu 2019), helping firms search for foreign buyers and suppliers (Chen and Volpe
Martincus 2026), and extending the international reach of Al-intensive digital ser-
vices (Sun and Trefler 2026), while also raising the potential for reshoring some
offshored cognitive tasks.

Incidence across workers. The gains from digitalization are not evenly
shared. Through Channel 1, Al displaces some workers and augments others;
through Channel 2, capital deepening has historically favored skilled workers;

'3 One study, however, attributes the entire decline in the aggregate U.S. labor share to the
recording of intellectual property products, such as software and research and develop-
ment, as investment in the national accounts (Koh, Santaeulalia-Llopis, and Zheng 2020).
For a review of competing explanations and measurement issues, including intellectual
property accounting, see Grossman and Oberfield (2022).
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and through market structure, discussed above, gains can accrue to firms with
market power.

Who bears displacement and who benefits from augmentation has shifted
across waves of digital technology. Earlier technological change automated
routine tasks and reduced employment in many middle-skill occupations, con-
tributing to job polarization in the United States and Western Europe (Autor,
Levy, and Murnane 2003; Acemoglu and Autor 2011; Autor and Dorn 2013;
Goos, Manning, and Salomons 2014). Augmentation was also “skill biased,” rais-
ing demand for skilled workers relative to unskilled ones. In Norway, for exam-
ple, broadband internet improved the productivity and labor market outcomes
of skilled workers and worsened those of unskilled workers (Akerman, Gaarder,
and Mogstad 2015).

Generative Al partly reverses this pattern through two effects that can
pull in opposite directions. Across occupations, exposure to GenAl tends to
be highest in higher-wage white-collar occupations requiring highly edu-
cated workers (Eloundou et al. 2024; Felten, Raj, and Seamans 2023). Within
exposed occupations, however, the largest gains in the studies available so
far have gone to less experienced or lower-performing workers, narrowing
productivity gaps, in contrast to the skill-biased augmentation of the ICT
era (Brynjolfsson, Li, and Raymond 2025; Noy and Zhang 2023; DellAcqua
et al. 2023; Box 2.1). The net distributional effect, therefore, depends on
which occupations are exposed and who benefits within them. This helps
explain the mixed distributional results of the quantitative analysis presented
below.

Recent cross-country evidence suggests that, so far, the economic gains
from Al have come through workers with higher education. A study of 26 coun-
tries, 6 of them in Latin America, finds that a 1 percent increase in Al spend-
ing was associated with a 0.036 percent increase in GDP in 2019-23, entirely
through the greater productivity of workers with university-level education, not
of machinery and equipment (Jung and Katz 2026; see Box 2.1).* In aggregate,
then, Al's gains in the region may still follow the skill-biased pattern of earlier
digital technologies, and since relatively few adults in most Latin American and
Caribbean countries have such education, these gains are likely concentrated
among a small group of workers.

Informality, which shapes several of these factors in the region, is
discussed next.

4 Because the study does not distinguish formal from informal employment, the skilled-labor
channel may partly reflect the concentration of Al adoption in formal firms.
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Digital Technologies, Al, and the Region's Economy

As a complement to the task-based analysis in this chapter, additional macroecono-
metric evidence comes from a quarterly panel of 67 countries, covering the fourth
quarter of 2022 through the second quarter of 2025. The study measures the inten-
sity of Al adoption based on web traffic to generative Al platforms. It also documents
Al spending in 2024 and 2025 and web traffic through November 2025 (Katz et al.
2025).2 It yields the following findings.

State of Al in the region. Al spending in Latin America reached US$8.1 billion
in 2024 and was projected to reach US$11.3 billion in 2025. In 2024, this was just
2.57 percent of global Al demand, even though the region accounts for about
6.6 percent of global GDP. Web traffic to GenAl platforms, by contrast, has followed
an S-shaped adoption curve and, after an initial period of about a year, it entered a
phase of exponential growth. In October 2025, monthly visits reached 375 million in
Brazil, 129 million in Mexico, and 95 million in Colombia.

Al’'s effect on worker productivity. Generative Al use is associated with sig-
nificantly higher productivity for workers at all education levels, with slightly larger
estimated effects for those with less education, although the differences are not
statistically significant. Unlike earlier digital technologies, including Al based on
machine learning, GenAl thus appears to benefit educated and less-educated work-
ers alike, consistent with the gains for less experienced and lower-performing work-
ers discussed under Channel 1. By sector, the effect is significant only for workers
in services.

Digital technologies, growth, and structural conditioning. Earlier work by
some of the same study authors found that a 1 percent increase in Al spending is
associated with a 0.036 percent increase in GDP, through higher-skilled labor produc-
tivity (Jung and Katz 2026). The effects of digital technologies are also conditioned
by structural factors. As discussed above, informality reduces both the adoption of
digital technologies and their impact on growth, a pattern that could extend to Al.
Trade integration and foreign direct investment can facilitate diffusion, although the
evidence for Al is still limited. Al adoption also tends to rise with firm size, since larger
firms are better able to bear the costs and risks of new technologies and have more
skilled workforces. In Brazil, for example, 11 percent of small firms have adopted Al,
compared with 41 percent of large firms. Such differences could widen productivity
gaps between large and small firms, a frontier-laggard pattern common to general-
purpose digital technologies.

@ Estimates reported in this box should be read as conditional associations rather than
causal effects. The study does not collect new data but combines existing sources. Al
spending estimates come from IDC, a market research firm, and cover spending on Al
servers, software, and cloud services. Web traffic to generative Al platforms comes from
Semrush, a commercial platform that tracks website visits by country but does not distin-
guish individual from business use. Data on output, capital, and employment come from
the International Monetary Fund, the Penn World Table, and the World Bank. Evidence on
adoption by firm size comes from a 2023 survey of Al adoption among Brazilian firms by
CETIC.br.
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Digital Transformation, Al, and Informality

Only 46 percent of workers in Latin America and the Caribbean contribute to
social security, meaning that more than half of the workforce is informally
employed (Gonzéalez-Velosa et al. 2026). Informality is, therefore, a primary fac-
tor shaping the region’s ability to adopt digital technologies, including Al, at scale,
to spread their gains broadly, and to reallocate workers toward expanding tasks.
Preliminary cross-country evidence suggests informality reduces both the adop-
tion of digital technologies and their contribution to growth (Box 2.1).

Informality can condition the impact of digitalization in four main ways. The
first is an adoption divide. Digital requirements, such as electronic invoicing,
apply only to registered firms (Bellon, Dabla-Norris, et al. 2022), while informal
firms largely serve simple, low-value markets (La Porta and Shleifer 2014) and
face tighter credit constraints (Gandelman and Rasteletti 2017). For this reason,
adoption is concentrated in the larger formal firms. Second, technology spill-
overs can be limited for informal firms with weak links to the formal economy (La
Porta and Shleifer 2014), including the supply chains and professional networks
through which adoption tends to diffuse (Bellon, Chang, et al. 2022; Hardy and
McCasland 2021). Third, informal employment is concentrated in occupations
with lower Al exposure, limiting the share of labor costs Al can reduce (Douenne,
Pedroni, and Schweitzer, forthcoming; Acemoglu 2025). And, finally, informality
weakens countries’ fiscal capacity by eroding the tax base that funds digital infra-
structure, retraining, and e-government.

Informality is not immutable, though. It reflects firms’ and workers’ responses
to the regulatory burden placed on formal firms (Meghir, Narita, and Robin 2015;
Ulyssea 2018, 2020; Levy 2018) and to the availability and quality of human capital
(La Porta and Shleifer 2014). Evidence consistently suggests that, in Latin America
and the Caribbean, formal wage work is heavily and poorly regulated, so high non-
wage costs and protections against dismissal discourage it (Heckman and Pagés
2004; Levy 2018). Such a setting imposes a real risk that labor-replacing Al will
accelerate the move away from wage work even where it brings little productivity
gain, reinforcing the displacement concern of the first channel. The risk is com-
pounded because formal jobs are more exposed to Al than informal ones, while
unemployment insurance is rare and training programs are often disjointed and
uneven in quality (Gonzalez-Velosa et al. 2026). Displaced workers may, therefore,
move into informality, as with robots (Brambilla et al. 2023), so the impact on labor
markets could be larger and informality could rise even further.

Quantifying Al's Impact: Growth, Productivity, and Wages

How large could the macroeconomic effects of Al be for Latin America and the
Caribbean? Outside of advanced economies, the empirical literature on this
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question remains thin. Box 2.1 summarizes complementary macroeconometric
evidence for the region.

No current framework jointly captures all the interacting mechanisms
reviewed in the preceding section, and the microdata needed to estimate adop-
tion, exposure, and task-level effects rigorously are scarce. Moreover, the path of
the technology itself remains highly uncertain.

A feasible approach to estimating the effects of Al is to apply a task-based
framework that focuses on a well-defined subset of these mechanisms, follow-
ing Acemoglu and Autor (2011) and Acemoglu and Restrepo (2018, 2022). The
projections rest on the simplifying assumption, adopted here for tractability, that
Al capabilities remain broadly at their current level over the projection horizon.”
Production is modeled as a continuum of tasks performed by labor or capital, with
generative Al affecting exposed tasks (defined below) through automation and
task complementarities (Acemoglu 2025). This approach isolates the effects of
Al specifically, through the displacement and augmentation forces of Channel 1,
leaving out the creation of new tasks. The estimates, therefore, capture only part
of the contribution of digital transformation, since they also leave out channels 2
and 3.

Within this framework, the aggregate productivity impact of Al is the product
of four components: the share of human tasks Al can technologically perform; the
share of those tasks that are profitable to automate; the task-level productivity
gain; and the labor share of the affected tasks. This decomposition links measur-
able task-level effects to aggregate TFP, GDP, and wages.”

Using this approach, Acemoglu (2025) estimates a TFP gain for the United
States of at most 0.66 percent over 10 years, roughly 0.07 percentage points a
year. Applying the same formula with a different reading of the evidence, Aghion
and Bunel (2024) obtain a median estimate of 0.68 percentage points of addi-
tional TFP growth per year, with a range of 0.07 to 1.24 percentage points. This
section presents model projections for Latin America and the Caribbean obtained
by applying the framework to microdata from the Inter-American Development
Bank's Harmonized Household Survey (Douenne, Pedroni, and Schweitzer,
forthcoming).

Faster capability gains could lead to outcomes beyond the scenarios considered here
(Korinek and Suh 2024).

Where the high nonwage cost of formal employment induces privately profitable yet
socially inefficient substitution toward capital (see the discussions of Channel 1 and of
informality), part of the measured TFP and GDP gain reflects a relative-price distortion.
The TFP and GDP calibration does not separately identify automation and labor augmenta-
tion. In the wage analysis, exposure operates through automation/displacement shocks,
and the wage results should be interpreted accordingly.
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Al Exposure across Occupations and Countries, and Adoption Scenarios

Al exposure can be measured as the share of tasks within each occupation that
Al technologies could perform or substantially accelerate. According to Eloundou
et al. (2024), these are tasks that a worker using a large language model
could complete at least twice as fast while maintaining quality. So measured,
Al exposure differs considerably across occupations. Administrative and
middle management staff display by far the highest exposure, at 47.5 percent,
reflecting tasks intensive in documentation, information processing, scheduling,
and communication. Professionals and technicians follow, at 19 percent, while
agricultural workers (6.3 percent) and craft workers and plant operators
(6.9 percent) show the lowest exposure. Weighting occupations by their share of
the national wage bill yields country-level exposure. Suriname and Uruguay have
the highest total exposure, at 19.0 percent and 18.4 percent, respectively, while
Bolivia, Ecuador, and Guyana have the lowest, reflecting the larger wage-bill share
in those countries of agricultural, manual, and elementary occupations, which
involve simple and routine tasks (ILO 2012). Table 2.1 reports these country-level
estimates and shows that, in every country, Al exposure is higher among formal
than informal workers.

Technical exposure is an upper limit on Al's potential impact. Actual effects
depend on the share of exposed tasks for which adopting Al is economically
profitable and on how much Al raises productivity in those tasks. Three scenarios
define the range of possibilities:

o High-adoption, high-productivity impact (HA-HI) scenario: Al is assumed
to be adopted for 80 percent of tasks that are technically exposed to it, the
upper bound proposed by Aghion and Bunel (2024).® This is the share of
exposed tasks that, according to projections by Svanberg et al. (2024), would
become profitable to automate within a decade if Al costs fell by 50 percent
per year, a rate Aghion and Bunel (2024) relate to the recent pace of growth
in computing power. For those tasks, Al is assumed to increase productivity
by 40 percent, the upper end of the range of gains proposed by Aghion and
Bunel (2024).

o Moderate-adoption, moderate-productivity impact (MA-MI) scenario: Al is
assumed to be adopted for 23 percent of tasks that are technically exposed
to it, consistent with Svanberg et al. (2024) and Acemoglu (2025). For
those tasks, Al is assumed to increase productivity by 27 percent, following

The adoption rates in these scenarios are assumptions about the share of technically
exposed tasks in which Al is used, not estimates of the share of firms or individuals using
Al. Evidence on current adoption of Al and digital technologies by individuals and firms in
the region is presented in Chapters 3 and 13 of this book, respectively.
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Acemoglu (2025), who averages the gains of about 15 percent and 40 percent
estimated by Brynjolfsson, Li, and Raymond (2025) and Noy and Zhang (2023),
respectively.

o Low-adoption, low-productivity impact (LA-LI) scenario: Al is assumed to
be adopted for 11.5 percent of tasks that are technically exposed to it and to
increase productivity in those tasks by 13.5 percent, half the values assumed
in the MA-MI scenario.”

Table 2.1. Al Exposure by Country and Formality Status, 2018-22 (percent)

Informality
Country Total Al exposure  Formal Informal rate
Suriname 18.98 20.38 16.79 44.83
Uruguay 18.40 19.50 11.67 22.67
Costa Rica 18.23 19.19 13.25 24.93
Argentina 18.23 20.93 1414 50.71
Colombia 17.28 2019 1318 60.79
Chile 16.61 17.31 14.07 26.10
Brazil 16.45 17.44 13.94 36.06
Peru 16.26 22.31 13.00 77.97
Dominican Republic 16.08 19.19 12.55 55.47
Mexico 16.05 18.46 13.85 66.33
Panama 15.92 18.19 12.43 50.50
Honduras 15.68 21.61 14.78 82.66
El Salvador 1512 18.69 12.75 68.83
Guatemala 14.92 20.24 11.99 79.58
Guyana 14.30 18.08 10.63 55.85
Ecuador 13.89 16.92 10.39 61.42
Bolivia 13.38 18.48 11.29 78.25
Latin America and the Caribbean 16.22 19.24 12.98 55.47

Source: Douenne, Pedroni, and Schweitzer (forthcoming), Figures 10 and A.3.

Note: Al exposure is computed as the wage bill-weighted average of occupational Al exposure scores.
Informality is defined as workers not affiliated with social security. Countries are ranked by total Al exposure.
The estimates for Latin America and the Caribbean are unweighted averages across the 17 countries included.

'®" Intermediate scenarios—for instance, low-adoption, high-productivity impact (LA-HI)—are not
considered because, even though the two parameters are calibrated separately in the model,
they are likely to covary. Larger task-level productivity effects make Al deployment cost effec-
tive in more tasks and are, thus, associated with higher rates of adoption (Svanberg et al. 2024).
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Effects on Aggregate TFP and GDP

To determine the cumulative 10-year TFP and GDP effects under full deployment
of Al—that is, assuming the technology has fully diffused and capital has fully
adjusted—the analysis now combines occupational exposure, adoption rates,
task-level productivity gains, and country-level Al-adjusted labor shares (labor
compensation weighted by Al exposure; see Table 2.2).%°

Table 2.2. Cumulative Change in TFP and GDP Levels from Al Adoption over
a 10-Year Horizon, by Scenario (percent)

TFP GDP
Country LA-LIT MA-MI HA-HI LA-LIT MA-MI HA-HI
Costa Rica 0.14 0.55 2.85 0.27 1.08 5.57
Argentina 013 0.53 2.72 0.29 118 6.07
Colombia 012 0.48 2.49 0.28 m 5.73
Chile 012 0.49 2.51 0.26 1.05 5.40
Brazil 014 0.57 2.92 0.25 0.99 512
Peru 0.10 0.40 2.08 0.25 1.01 5.20
Dominican Republic 0.08 0.32 1.67 0.25 1.00 5.15
Mexico 0.07 0.28 1.43 0.24 0.98 5.04
Panama 0.06 0.24 1.26 0.25 0.99 5.09
Honduras 012 0.50 2.56 0.24 0.96 4.92
El Salvador 0n 0.45 2.31 0.23 0.91 4.69
Guatemala 0.10 0.39 2.03 0.21 0.85 4.37
Ecuador 014 0.55 2.83 0.21 0.84 4.32

Latin America and the Caribbean 0.11 0.44 2.28 0.25 1.00 513

Source: Douenne, Pedroni, and Schweitzer (forthcoming), Figure 5.

Note: LA-LI = low-adoption, low-productivity impact; MA-MI = moderate-adoption, moderate-productivity
impact; HA-HI = high-adoption, high-productivity impact. Figures are cumulative gains over 10 years. GDP
gains assume 10-year capital adjustment (Acemoglu 2025). Productivity and wage effects could only
be estimated for the countries with the national accounts data required. Bolivia, Guyana, Suriname, and
Uruguay are excluded due to unavailability of United Nations Statistics Division (UNSD) value-added and
compensation data at the industry level. Countries are listed in order of overall Al exposure (Douenne,
Pedroni, and Schweitzer, forthcoming, Figure 3). The estimates for Latin America and the Caribbean are
unweighted averages across the 13 countries included. Cross-country variation primarily reflects differ-
ences in occupational mixture and country-level labor shares, interacted with parameter values for Al
exposure, adoption, and task-level productivity gains, drawn mainly from evidence for the United States.
The percentages should be read as projections under common technology assumptions, not as behavioral
estimates specific to Latin America and the Caribbean (Douenne, Pedroni, and Schweitzer, forthcoming).

20" Al-adjusted labor shares, defined as the average of private sector industry labor shares
weighted by each industry’s Al exposure and value-added share, range from 0.25 in
Panama to 0.64 in Ecuador. Panama’s low labor shares yield the smallest TFP effect but the
largest transmission from TFP to GDP.
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Under the HA-HI scenario, cumulative 10-year TFP gains average 2.3 percent
across the 13 Latin American and Caribbean countries with available data, ranging
from 1.3 percent in Panama to 2.9 percent in Brazil. The MA-MI scenario yields an
average of 0.4 percent, from 0.2 percent in Panama to 0.6 percent in Brazil. Under
the LA-LI scenario, gains average just 0.1 percent, from 0.06 percent in Panama to
0.14 percent in Brazil. Because this scenario halves both adoption and productivity
gains relative to MA-MI, its TFP effects are about a quarter as large (Table 2.2).7

Average cumulative GDP gains over the decade reach 5.1 percent under the
HA-HI scenario, 1.0 percent under the MA-MI scenario, and 0.25 percent under
the LA-LI scenario. Under the HA-HI scenario, country-level gains range from
4.3 percent in Ecuador to 6.1 percent in Argentina; under the LA-LI scenario, they
range from 0.21 percent in Ecuador to 0.29 percent in Argentina.?? These projec-
tions are specific to Al. Contemporaneous contributions from non-Al digital tech-
nologies would add to the figures rather than substitute for them.

Cross-country differences in GDP gains largely mirror differences in Al expo-
sure (Figure 2.3, Panel A). Countries where more of the wage bill is earned in pro-
fessional, technical, and administrative occupations, such as Argentina, Colombia,
and Costa Rica, record the largest gains, while Ecuador and Guatemala record the
smallest. TFP gains vary more, because they also depend on how much of each
economy’s labor income is concentrated in Al-exposed industries. Mexico and
Panama, for example, have average exposure but low Al-adjusted labor shares and,
hence, the smallest TFP gains. Countries with higher informality, in turn, tend to
have smaller gains, because informal employment is concentrated in occupations
with lower exposure (Douenne, Pedroni, and Schweitzer, forthcoming). Since the
model does not capture the additional effects of informality on adoption and diffu-
sion discussed above, the estimates may overstate the gains in the most informal
economies (Figure 2.3, Panel B).

A final caveat concerns what these magnitudes include. The figures in
Table 2.2 are level effects: a one-time downward shift in task costs (Channel 1),
amplified by capital adjustment, representing cumulative changes in TFP and GDP
levels reached over the 10-year adoption horizon, not permanent increases in their
growth rates. They exclude channels 2 and 3. More specifically, the exclusion of
Channel 3 leaves out a potentially important growth channel. Aghion and Bunel
(2024) emphasize that task-based estimates omit Al's automation of idea pro-
duction, which could raise the growth rate of TFP permanently rather than only

I The aggregation is a first-order approximation, exact only for marginal shocks (Hulten 1978).
Under the 80 percent adoption rate of the HA-HI scenario, second-order terms, which do
depend on how factors reallocate, cease to be negligible (Bagaee and Farhi 2019).

2 Capital is assumed to adjust fully over the 10-year horizon, so the implied GDP gain equals
the TFP gain divided by the country’s standard aggregate labor share—that is, the average
of private sector industry labor shares weighted by value added rather than Al exposure.
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Figure 2.3. Al Exposure, Informality, and GDP Gains from Al
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Note: GDP gains are cumulative over 10 years under the moderate-adoption, moderate-productivity impact
(MA-MI) scenario. Because the scenarios scale effects proportionally, the cross-country pattern is the same
under the other two scenarios (HA-HI and LA-LI). The dashed lines show the linear fit. In Panel A, Al expo-
sure is computed as the wage bill-weighted average of occupational Al exposure scores. In Panel B, infor-
mality refers to the share of employed workers not affiliated with social security.

during the adoption transition.?® This channel could be weaker in Latin America and
the Caribbean, however, because benefiting from Al in idea production requires
research and innovation capacity, which, as mentioned above, is limited in the
region; research and development spending in Latin America is just over a third
of the global average as a share of GDP (UNESCO 2021), and innovation lags
among the region’s many less productive firms (see the discussion of Channel 3).

23 The baseline holds the technology fixed. Capability acceleration would raise both exposure
and the share of tasks profitable to automate, shifting outcomes beyond the HA-HI sce-
nario (Korinek and Suh 2024), while sharpening the reinstatement risk within Channel 1.
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The omission of this channel is, therefore, likely to understate the region’s potential
gains, though possibly by less than for economies with strong innovation systems.

Wage Effects and the Reallocation Gap

The wage impact of Al hinges on a single question: Can workers move from
shrinking sets of tasks to expanding ones? Some workers may need to make
transitions across jobs, occupations, or sectors, while others may adjust within
their existing jobs by taking on tasks in which humans retain a comparative
advantage. In the absence of any reallocation, the group-level displacement
effect dominates, and wages decline in all Latin American and Caribbean
countries examined, in all scenarios, even after incorporating the aggregate
productivity gain.?* The country wage estimates use demographic groups’ wage-
bill shares as weights. Regional wage estimates for each group give countries
equal weight. Under the HA-HI scenario, these direct effects range from -13.9
percent in Ecuador to —20.9 percent in Argentina over 10 years; under the MA-MI
scenario, from -3.5 percent in Ecuador to -5.5 percent in Argentina; and under
the LA-LI scenario, from -1.3 percent in Ecuador to -2.3 percent in Costa Rica.

With effective labor reallocation, wages instead rise in all countries,
from +2.3 percent in Panama to +5.3 percent in Ecuador under HA-HI, from
+0.6 percent to +1.3 percent under MA-MI, and from +0.3 percent to +0.6 percent
under LA-LI, with the same two countries at either end. The reallocation gap—
the difference between the wage effect with reallocation and the direct wage
effect—ranges from 19 to 26 percentage points under HA-HI, 5 to 7 under MA-MI,
and 2 to 3 under LA-LI and broadly tracks overall Al exposure: It is largest in
Costa Rica and Argentina, the most exposed countries, and smallest in Ecuador,
the least exposed. In all three scenarios, the gap is several times larger than the
eventual wage gain, so most of the wage outcome depends on whether workers
reallocate. Lower adoption thus means smaller wage losses without reallocation
and smaller gains with it, and less reallocation is needed in absolute terms to
move from one outcome to the other.

Distributional Effects: Gender, Education, Age, and Formality

Across demographic groups, five robust patterns emerge under the MA-MI sce-
nario. Workers are grouped by sex, age (16-25, 26-55, and 56 and older), and
education (less than secondary, secondary, and tertiary). First, there is a clear
education gradient: Tertiary-educated workers face the highest exposure and

24 Al automation simultaneously raises aggregate TFP and reduces labor demand in displaced
tasks. The TFP windfall accrues to capital and to workers already in complementary activi-
ties, not to those directly displaced.
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the largest direct losses (-8.2 percent for tertiary-educated women ages 16-25).
After accounting for worker reallocation, some but not all of these losses are
recovered (the same group still records -0.5 percent). Second, women are more
exposed than men of the same age and education, particularly among the ter-
tiary educated. Third, differences across age groups with the same education are
small. Fourth, men ages 26 and older with less than secondary education record
the largest wage gains after worker reallocation (+2.3 percent to +2.6 percent), as
they are less substitutable for displaced workers and benefit from the expansion
in demand that accompanies higher output. Finally, formal-sector workers face
Al exposure about 6 percentage points higher than informal workers on aver-
age and higher in every country, reflecting their concentration in more exposed
occupations. Informal workers remain indirectly affected through economy-wide
adjustments and sectoral spillovers.?

The HA-HI and LA-LI scenarios preserve these patterns in exposure and
direct losses, with larger and smaller magnitudes, respectively, but differ from
MA-MI in how many groups gain once workers reallocate. Wages fall after
reallocation for 7 of the 18 groups under MA-MI, but for 12 under LA-LI, where
output expands less, and for none under HA-HI.

Trade Exposure

In this framework, Al creates two international trade pathways for Latin America
and the Caribbean, both operating through the channels already defined. A
reshoring pathway arises when firms in advanced economies repatriate offshored
tasks; this is Channel 1 displacement, affecting workers in Latin America and the
Caribbean who perform tasks offshored to the region by firms in those econo-
mies. While earlier technology waves expanded offshoring by lowering communi-
cation costs, Al can instead substitute directly for offshored cognitive labor. In the
other direction, an import-substitution pathway operates as the region develops
its own Al capabilities. Trade-related exposure to Al is systematically lower than
domestic exposure, since the region’s tradable sectors are less Al intensive. As a
result, these trade pathways become macroeconomically significant only where
high Al exposure across sectors coincides with strong trade ties between the two
sides.

The deeper implication concerns whether the wage effects discussed above
fully play out within Latin America and the Caribbean. The improvement in wages

%5 These exposure-based results differ from the adoption-conditional productivity gains in
Box 2.1, which are roughly flat across education levels, with tertiary workers facing the
highest exposure to displacement while less-skilled workers experience the larger gains
conditional on augmentation within remaining tasks.
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after worker reallocation presumes the increase in output generated by Al is
reabsorbed within the region’s own labor market. In an open economy, this need
not be the case. When the Al capabilities, data, and computing resources reside
in leading economies, part of the output expansion that offsets domestic dis-
placement can accrue abroad. The mitigating consideration is that much of the
reabsorption in the region is likely to run through domestic services that are not
traded internationally and are, therefore, insulated from reshoring.

Conclusion

Digital technologies, including artificial intelligence, offer Latin America and
the Caribbean an opportunity to address its persistent productivity deficit, but
their benefits are neither automatic nor evenly distributed. By reshaping tasks,
augmenting labor and capital, and accelerating innovation, they can raise out-
put and create new economic opportunities. The scale of these gains depends
on how widely technologies diffuse and how effectively firms and workers use
them. Whether productivity gains translate into higher wages depends critically
on workers’ ability to move toward expanding tasks and jobs. High informality,
weak managerial capabilities, and limited research capacity can constrain these
adjustments and concentrate the benefits. The central policy challenge is, there-
fore, to enable both broad adoption and successful labor reallocation by improv-
ing regulations, strengthening skills, and building the capacity to innovate and
absorb technologies developed elsewhere. Progress on these fronts will deter-
mine whether digital transformation delivers sustained and inclusive growth.



Digital Adoption: Broad
Access, Shallow Use

This book argues that digital technologies—including the recent advances in
artificial intelligence (Al)—offer firms the potential to operate more efficiently,
governments to deliver better public services, and individuals to gain access to
new opportunities. Realizing this potential, however, depends on one fundamen-
tal condition: that these technologies are adopted broadly and integrated into
everyday economic and social activities. Understanding how far adoption has
progressed is, therefore, central to assessing the region’s prospects for raising
productivity and improving living standards.

Some digital technologies have diffused in the region at a remarkable pace.
In just over a decade, instant-payment systems and a dynamic financial technol-
ogy (fintech) ecosystem have allowed several countries to shift rapidly from cash to
digital payments, with adoption in some cases now approaching levels observed in
advanced economies (Vera-Cossio 2025). More broadly, internet use is now wide-
spread, and the region performs comparatively well in activities that primarily involve
searching for or exchanging information. The central question is whether widespread
access has translated into uses that deliver concrete efficiency gains, such as pur-
chasing goods and services, completing government procedures, and accessing
other services, such as health care or financial services, entirely online.

The evidence shows it has done so only partially.! In 2025-26, 27 percent of
adults in Latin America and the Caribbean reported having made an online purchase
within the past three months, compared with 66 percent in Organisation for Economic
Co-operation and Development (OECD) countries. Similarly, only 26 percent
interacted online with a government organization, compared with 70 percent in

! Statistics presented in this paragraph and the next are IDB staff calculations, based on the

Latin American Public Opinion Project’s (LAPOP) AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital
Literacy Survey, 2026. For OECD Europe, calculations are based on Eurostat, 2025; for OECD
countries not covered by Eurostat, they are based on the International Telecommunication
Union (ITU) DataHub, 2022-25 (latest year available); and for the United States, they are
based on the Harvard Project on Workforce’'s Generative Al Adoption Tracker, 2026.
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the OECD. The same pattern is visible within specific sectors. In health, 58 percent
of adults in the region searched online for health information, close to the OECD rate
of 63 percent. Yet only 21 percent booked a medical appointment online, compared
with 44 percent in the OECD. These differences suggest that digital interfaces have
spread more rapidly than the supporting infrastructure and systems needed to
complete transactions reliably and at scale, including interoperable data systems,
digital identity, logistics networks, and back-end processes. The region has become
increasingly effective in connecting people to information and services but is much
less effective in enabling them to carry out transactions from beginning to end.

Generative Al fits the same pattern: Adoption is relatively high when individuals
can interact directly with a digital interface without depending on more demand-
ing local systems. Around 26 percent of adult workers in the region report having
used GenAl for professional purposes, close to the 27 percent observed in the
European OECD countries, although still well below the 43 percent recorded in the
United States. This relatively rapid adoption is consistent with the low barriers to
using many Al tools intended for consumers, as workers can access them directly
through an internet-connected device without waiting for local firms or govern-
ments to build interoperable data systems or redesign their back-end processes.
Yet converting individual Al use into sizable productivity gains will ultimately require
making precisely those deeper organizational, data, and technological changes.

Taken together, the evidence points to a pattern of broad access and
extensive use of digital interfaces but much shallower integration into the systems
and organizational processes through which firms and governments operate. This
distinction between widespread adoption and depth of use is central to this book’s
broader argument about how digital technologies translate into productivity gains.

This chapter examines these patterns primarily through the results of house-
hold surveys, drawing on several international and regional data sources. The
principal source of new evidence is a digital technologies module fielded spe-
cifically for this book as part of the 2025-26 wave of the Latin American Public
Opinion Project (LAPOP) AmericasBarometer. Conducted in 16 Latin American
countries, the module covers internet access, the use of the internet for a broad
range of activities, and generative Al adoption.2 Its questions are harmonized with
international surveys, including Eurostat, allowing the region to be benchmarked
against other parts of the world and providing the first comparable evidence on
GenAl adoption across Latin America and the Caribbean.

Although these surveys collect information from individuals, they shed light
on digital adoption beyond households. Online purchasing, for example, reflects
the extent to which firms conduct transactions with consumers through digital
channels, while online interactions with government organizations capture the use
of digital public services. The use of GenAl chatbots, including for professional

2 Themodule was also fielded in Barbados as part of the Barbados Digital Literacy Survey, 2026.
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purposes, shows how rapidly this new technology is spreading directly among
individuals and workers, even when it has not yet been fully integrated into the
organizations that employ these users. These three indicators, therefore, pro-
vide complementary perspectives on the diffusion of digital technologies across
households, firms, and governments.

General Internet Use and Digital Gaps

Internet use has expanded rapidly across the world over the past two decades,
although the pace of adoption has differed sharply by level of development.
According to data from the International Telecommunication Union (ITU),
more than 7 in 10 people in OECD countries used the internet in 2010, compared
with only 3 in 10 in Latin America and the Caribbean and in emerging market
economies (Figure 3.1). This digital divide has significantly narrowed over the
past 15 years. Indeed, by 2024, 8 in 10 individuals were using the internet in Latin
America and the Caribbean, compared to 9 out of 10 in OECD countries.

Figure 3.1. Internet Use across Country Groups
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Source: DB staff calculations, based on data from the ITU DataHub.

Note: The figure shows internet use from any location during the reference period, generally the three
months preceding the survey. Age coverage varies across national sources. Where a country-year observa-
tion is unavailable, the figure uses the estimate published by the ITU. Country-group values are unweighted
averages across countries with available data. Within each country, estimates use sampling weights for
national representativeness. The estimates for Latin America and the Caribbean are based on 26 countries.
OECD and emerging market economies exclude Latin American and Caribbean countries. Emerging market
economies follow the International Monetary Fund classification (IMF 2025b, Table A).
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Although the digital divide across country groups has narrowed substan-
tially, some differences in internet use persist across countries within the region.
As Figure 3.2 shows, use ranges from about 7 in 10 adults in some countries to
roughly 9 in 10 in others.

While 74 percent of adults in the region go online every day, this average
masks substantial differences across demographic groups. Figure 3.3 shows that
daily use is highest among younger and more educated adults. Nearly 9 in 10 of
those ages 18-34 and 9 in 10 with tertiary education use the internet every day.
By contrast, among those ages 55 and older and those with primary school or
less education, the share is only about 5 in 10. Variation is also substantial by
location: Close to 8 in 10 urban adults use the internet daily, compared with 6 in
10 rural adults. Daily use, however, differs little by gender.

Figure 3.2. Internet Use across Countries
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Source: IDB staff calculations, based on the Global Findex Database 2025, World Bank.

Note: The figure shows internet use within the three months preceding the survey in 2024. The sample
includes individuals ages 15 and older. Data were collected through in-person or telephone survey mode,
depending on the country. Country-group values are unweighted averages across countries with avail-
able data. Within each country, estimates use sampling weights for national representativeness. OECD and
emerging market economies exclude Latin American and Caribbean countries. Emerging market economies
follow the International Monetary Fund classification (IMF 2025b, Table A).
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Figure 3.3. Frequency of Internet Use across Demographic Groups
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Source: DB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin America
and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey, 2026.
Note: The figure shows the distribution of adults by frequency of internet use within the three months
preceding the survey. The sample includes adults ages 18 and older in all countries. Data were collected
through in-person household surveys. Fieldwork took place between October 2025 and May 2026, with
approximately 1,000 observations per country. The reported values are unweighted averages across
Argentina, Barbados, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador,
Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay. Within each country, estimates use
sampling weights for national representativeness.

How Do Individuals Use the Internet?

The previous section showed that Latin America and the Caribbean has
substantially narrowed the access deficit that defined the last decade, with
roughly four in five adults now online. As connectivity becomes less of an obsta-
cle for most people, the key question is no longer whether individuals use the
internet but how they use it and how those patterns compare with those of other
benchmark regions. To provide an overview, this section examines 16 online
activities, grouped into four broad categories: communications, social media, and
entertainment; financial and commercial activities; personal advancement and
well-being; and digital public services.
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Figure 3.4. Internet Use across Broad Activity Categories
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for
Latin America and the Caribbean, except Barbados, whose data are from the Barbados Digital
Literacy Survey, 2026. Calculations are based on Eurostat, 2025, for OECD; and the ITU DataHub,
2022-25 (latest year available), for emerging market economies and OECD countries not covered by
Eurostat.

Note: The figure shows internet use across broad activity categories within the three months preceding
the survey. Each value is the average across the specific activities in the category, which are shown in
Figure 3.5. Country-group values are unweighted averages across countries with available data. Within
each country, estimates use sampling weights for national representativeness. Latin America and the
Caribbean estimates cover Argentina, Barbados, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican
Republic, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay.
The sample includes adults ages 18 and older in all countries. Data were collected through in-person
household surveys. Fieldwork took place between October 2025 and May 2026, with approximately 1,000
observations per country. Emerging market economy estimates use ITU data, whose age coverage varies
across national surveys; OECD estimates combine Eurostat data (individuals ages 16 and older) with ITU
data. OECD and emerging market economies exclude Latin American and Caribbean countries. Emerging
market economies follow the International Monetary Fund classification (IMF 2025b, Table A).

Figure 3.4 summarizes internet use across the four categories and reveals
substantial differences among them. The region performs comparatively well in
communications, social media, and entertainment, where average use slightly
exceeds that in emerging market economies, although it remains below use in the
OECD.® Use is substantially lower for financial and commercial activities, where

3 Data on how the internet is used in Latin America and the Caribbean and in OECD countries

are generally drawn from standardized, nationally representative household surveys and are
therefore relatively comparable across countries and indicators. By contrast, estimates for
emerging market economies are based on a smaller and varying set of countries across indi-
cators and on less standardized survey questions and data collection methods. Comparisons
with emerging market economies should, therefore, be interpreted with caution.
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the region’s performance is similar to that of emerging market economies but well
below that of the OECD. In personal advancement and well-being, the regional
average is also similar to that of emerging market economies but below that of
the OECD. Importantly, the widest disparity appears in digital public services,
where use is less than half the OECD level and also below that of emerging mar-
ket economies. Because these category averages combine activities that differ
considerably in their prevalence and requirements, the remainder of the sec-
tion examines specific uses in greater detail to assess in more depth where the
region falls behind advanced economies and what factors may help explain the
differences.

Communications, Social Media, and Entertainment

Communications is the category in which Latin America and the Caribbean comes
closest to converging with advanced economies; in several activities, it even
outperforms peers at similar income levels. As Figure 3.5 shows, nearly four in
five adults in the region use internet calling and messaging applications such
as WhatsApp. This level is broadly comparable to levels observed in both OECD
countries and emerging market economies. As Figure 3.6 shows, social network
use follows a similar pattern, with most Latin American and Caribbean countries
clustering around the OECD benchmark. Country differences in the use of social
networks are also relatively small, ranging from 82 percent in Chile to 61 percent
in Honduras. This consistency is itself revealing. It may suggest the technological
and behavioral requirements of social network use scale effectively once basic
enabling conditions are in place, including internet access, mobile connectivity,
and digital skills.

The picture changes, however, when moving to activities that may place
greater demands on either infrastructure or users themselves. Reading news or
downloading newspapers online remains roughly 15 percentage points below
the OECD average (see Figure 3.5), although the region still performs well above
the emerging market economy benchmark and thus falls between the two refer-
ence groups. The gap widens further for email and streaming. Email use trails
the OECD by nearly 30 percentage points and shows no advantage relative to
emerging market economy peers. The share of adults who consume content by
streaming is also lower in the region than in either the OECD or emerging market
economies.

Financial and Commercial Activities

Moving from communications to commerce, the relative position of Latin
America and the Caribbean deteriorates sharply. Only 27 percent of adults
in the region purchased goods or services online during the three months
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Figure 3.5. Internet Use across Specific Activities
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America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD; and the ITU DataHub, 2022-25 (latest year
available), for emerging market economies and for OECD countries not covered by Eurostat.

Note: The figure shows internet use across specific online activities within the three months preceding the
survey. Estimates follow the same country coverage and samples as in Figure 3.4.

preceding the survey, compared with 41 percent in emerging market economies
and 66 percent in OECD countries. The regional average is, therefore, almost
40 percentage points below the OECD average and substantially below that
of economies at similar income levels. This disparity highlights the disconnec-
tion between widespread internet use and the much more limited prevalence of
digital transactions.

Figure 3.7 also reveals substantial variation across the region. Uruguay
leads, with 45 percent of adults making purchases online, while in Honduras the
share is just 14 percent. Even the regional leaders remain far below the OECD
average.



DIGITAL ADOPTION: BROAD ACCESS, SHALLOW USE 63

Figure 3.6. Social Network Use across Countries
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD; and the ITU DataHub, 2022-25 (latest year
available), for emerging market economies and for OECD countries not covered by Eurostat.

Note: The figure shows social network use within the three months preceding the survey. Country-group
values are unweighted averages across countries with available data. Within each country, estimates use
sampling weights for national representativeness. Estimates follow the same country coverage and sample
as in Figure 3.4.

The low prevalence of online purchasing contrasts with much greater use
of the internet at earlier stages of the commercial process. Close to three in five
adults in Latin America and the Caribbean search online for information about
goods and services (Figure 3.5), placing the region broadly in line with emerging
market economies. Searching requires little beyond internet access and interest
in a product; no payment, identity verification, delivery arrangement, or trust in
a particular seller is required. The sharp prevalence difference between search-
ing for products and purchasing them may suggest that many consumers enter
the digital marketplace but do not complete a transaction. High levels of informal
commerce may reinforce this pattern, as sellers can use digital channels, includ-
ing social networks, to advertise and communicate with customers while pay-
ments and delivery continue to take place offline.
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Figure 3.7. Online Purchasing across Countries
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America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD; and the ITU DataHub, 2022-25 (latest year avail-
able), for emerging market economies and for OECD countries not covered by Eurostat.

Note: The figure shows purchase of goods or services online within the three months preceding the survey.
Country-group values are unweighted averages across countries with available data. Within each country,
estimates use sampling weights for national representativeness. Estimates follow the same country cover-
age and sample as in Figure 3.4.

Limited access to digital financial services does not appear to explain this
pattern completely. Internet banking stands out as an area of comparatively
strong adoption within the region, as nearly half of adults in Latin America and
the Caribbean do banking online or use electronic wallets—a share more than
8 percentage points above the emerging market economy average, although still
well below OECD levels. This progress has been supported by the rapid expan-
sion of digital payment platforms, interoperable instant-payment systems, and a
dynamic fintech ecosystem.

Selling online, the most demanding activity in this category, remains uncom-
mon everywhere, with the region performing similarly to emerging market econo-
mies and trailing far behind advanced countries. Taken together, these patterns
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indicate connectivity and payment mechanisms alone are not sufficient to sup-
port widespread e-commerce. Other features of the transactional environment,
including logistics and delivery networks, systems for returns, fraud protec-
tion, consumer trust, and the depth of local online marketplaces, may also be
important.

Personal Advancement and Well-Being

Another dimension of internet use involves services related to health, employ-
ment, and learning. These activities differ from financial and commercial transac-
tions or interactions with governments because demand for them is often more
episodic and contingent on individual circumstances. Only a subset of adults will
need medical care, actively search for work, or seek additional training during the
reference period. Aggregate adoption rates, therefore, partly reflect differences
in the population who have reason to use each service and should be interpreted
accordingly. Even with this qualification, comparisons across country groups
reveal important differences in the extent to which the internet facilitates access
to health services, employment opportunities, and learning.

Echoing the broader pattern described earlier, Figure 3.5 shows that Latin
America and the Caribbean performs comparatively well when the internet is
used primarily to search for information. Nearly three in five adults have searched
online for health information, a share almost 10 percentage points higher than in
emerging market economies and slightly below the OECD average of 63 percent.

The picture changes once the activity moves from searching for informa-
tion to completing transactions online. Booking a medical appointment online, for
example, is slightly less common in Latin America and the Caribbean (performed
by 21 percent of adults) than in emerging market economies (22 percent) but
reaches less than half the OECD adoption rate (44 percent). This disparity is par-
ticularly striking given the high demand for health services: Pombo et al. (2025)
find that 32 percent of the region’s population used public health care services in
the previous 12 months, and this figure excludes use of the region’s large private
health care sector. The same report also finds that only 14 percent of the popula-
tion obtained laboratory results online. These low levels of digitalization persist
despite the potential benefits of digital health services, especially for more vul-
nerable populations, who often live far from health care centers.

With regard to employment, online job search and applications are used
by 20 percent of adults in Latin America and the Caribbean. This should not
be interpreted as a low adoption rate, as only a subset of the population is
actively seeking work during any given period. Indeed, it exceeds the average
for emerging market economies of 15 percent and is in line with the OECD
average of 20 percent (Figure 3.5). The extent to which job seekers rely on online
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channels may, nevertheless, vary with the structure of labor markets, in which
informal recruitment networks and the occupational composition of employment
are important. The high levels of labor informality prevalent in the region may
reduce the relevance of formal online platforms for some workers and employers
(Urquidi, Gonzalez, and Ortega 2023).

A similar pattern emerges in online learning. Digital learning platforms offer
several advantages: They are available all the time, allow learners to progress
at their own pace, and make it easier for learners to ask questions they may
hesitate to raise with teachers or peers. These features reduce the social and
psychological costs of seeking help and can support more autonomous learning
trajectories (Levy and Pérez Albertos 2024). Despite these advantages, however,
participation remains relatively low. Only about 1in 10 adults in the region reports
taking online courses, well below the shares observed in emerging market
economies (19 percent) and OECD countries (21 percent; see Figure 3.5).

Digital Public Services

Among the four categories examined, digital public services displays the largest
gaps, relative both to OECD countries and emerging market economies. Even
relatively simple activities, such as searching for information from government
organizations, remain less common in Latin America and the Caribbean, where
33 percent of individuals report doing so online, compared with 38 percent in
emerging market economies and 52 percent in OECD countries. The gap widens
substantially when moving from information seeking to actual digital interaction.
Only 26 percent of individuals in Latin America and the Caribbean report
interacting with government institutions online, compared with 35 percent in
emerging market economies and 70 percent in OECD countries—a difference of
44 percentage points relative to advanced economies.

Part of this gap reflects the limited availability of fully digital government
services. Only about 30 percent of government procedures in the region can be
completed online, compared with 75 percent in the European Union (IDB, forth-
coming). More broadly, the evidence points to a gap between digitalizing the
user-facing interface and transforming the data and back-end systems needed
to deliver services digitally from beginning to end.

A separate regional survey examining how individuals interact with gov-
ernments confirms that the use of digital channels for completing transactions
is limited. Pombo et al. (2025) find that 7 in 10 individuals carried out at least
one government transaction during the previous year. Yet only 14 percent of the
overall population completed their most recent transactions entirely online, while
nearly half (48 percent) did so fully in person. Another 10 percent of individuals
combined online and face-to-face interactions.
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Use of digital channels remains concentrated among more educated
individuals: Of those with completed tertiary education, 29 percent used a
fully digital channel for their most recent government transaction, compared
with 17 percent of those with secondary education and 7 percent with primary
education or less. Such differences are not unusual when digital services are first
introduced, as individuals with stronger digital skills and better access tend to
adopt them earlier. Higher uptake among these groups may also benefit those
who continue to rely on in-person channels by reducing congestion, freeing
administrative capacity, and lowering the costs of government service delivery.
These savings could, in turn, be redirected toward improving targeted assistance
and in-person services for more vulnerable populations.

Some of the region’s most significant advances in digital public services have
occurred in areas where users have greater digital capabilities or strong incen-
tives to adopt online channels. Taxation is a clear example. The process of paying
and filing taxes electronically is highly advanced across much of Latin America
and the Caribbean, and in some cases adoption rates are comparable to those of
OECD countries. Mandates have been important in driving this progress (Cristia
and Vlaicu 2022). Argentina and Brazil have successfully introduced mandatory
electronic filing for several taxes, achieving near-universal use among covered
taxpayers. Several countries, including Brazil, Chile, Colombia, and Mexico, have
also integrated back-end systems to offer prefilled personal income tax returns,
thereby reducing compliance costs for taxpayers and administrative burdens for
governments. In Chile, the introduction of prefilled tax returns was associated
with an 80 percent decline in noncompliance. Among large firms in the region, the
use of electronic tax payments is virtually identical to OECD levels, at 97 percent
versus 98 percent. Adoption is lower among smaller firms, however, consistent
with their more limited digital capabilities and administrative resources (Reyes-
Tagle, Dimitropoulou, and Rodriguez Pefia 2023).

The regional average for online interaction with government organizations
also conceals wide differences among the adult population across countries, as
the LAPOP data in Figure 3.8 show. Chile (47 percent), Uruguay (46 percent),
and Argentina (43 percent) lead the region, each surpassing the average
of 35 percent for emerging market economies. Costa Rica (32 percent) and
Barbados (29 percent) also perform above the Latin American and Caribbean
average, although they fall below the levels observed in emerging market econ-
omies overall. At the other end of the distribution are Honduras (11 percent),
Guatemala (17 percent), and the Dominican Republic (17 percent). Overall, the
difference between the highest and lowest performing countries reaches 36
percentage points. Explanations for this heterogeneity may include differences
in the digital maturity of government systems, infrastructure quality, reliable
internet access, and digital skills.
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Figure 3.8. Online Interactions with Government across Countries
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD; and the ITU DataHub, 2022-25 (latest year avail-
able), for emerging market economies and for OECD countries not covered by Eurostat.

Note: The figure shows internet use for online interactions with government within the three months pre-
ceding the survey. The survey question asked: “Did you carry out any transaction with a government agency
online, such as downloading or filling out forms or making payments to the government?” Country-group
values are unweighted averages across countries with available data. Within each country, estimates use
sampling weights for national representativeness. Estimates follow the same country coverage and sample
as in Figure 3.4.

Generative Al

Since the public launch of ChatGPT in late 2022, generative Al has become
the fastest-spreading consumer technology in recent memory. By mid-2025,
ChatGPT alone reached more than 700 million weekly users worldwide, roughly
1in 10 of the world's adults (Chatterji et al. 2025). Some estimates suggest
adoption among working-age adults stood at about 18 percent globally in early
2026 (Microsoft Al Economy Institute 2026), a faster pace than both personal
computers and the consumer internet at the same point in their diffusion (Bick,
Blandin, and Deming 2026). The technology itself keeps advancing, with models,
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supported languages, and use cases all evolving faster than the surveys that
measure them. The patterns documented here capture the earliest visible stages
of that diffusion in Latin America and the Caribbean.

GenAl fits the broader pattern documented in the preceding sections of this
chapter. For many users, it functions primarily as a tool for searching for, gen-
erating, and exchanging information, with relatively low barriers to adoption, as
access typically requires only an internet-connected device. The leading models
have also performed well in French, Portuguese, and Spanish, limiting language
as a constraint on adoption in the region (Microsoft Al Economy Institute 2026).

The economic stakes of this rapid spread are already substantial. In the
United States, at the adoption rates prevalent as of this writing, the productiv-
ity gain to the economy has been estimated at 1-2 percent of gross domestic
product (GDP); see Bick, Blandin, and Deming (2026). Moreover, controlled field
experiments in customer support, writing, software development, and consulting
find that workers using these tools complete their tasks 15 to 40 percent faster
than otherwise comparable colleagues without access (Brynjolfsson, Li, and
Raymond 2025; Cui et al. 2026; Noy and Zhang 2023). The most striking finding
across these studies is that less-experienced and lower-performance workers
gain the most, as GenAl compensates for their lesser knowledge and expertise
relative to more experienced, higher-performance workers. This pattern is par-
ticularly relevant for a region with high earnings inequality like Latin America and
the Caribbean.

At the same time, firm-level productivity gains from generative Al have been
slower to materialize than the worker-level evidence might suggest. As Chapters 1
and 13 emphasize, many firms have yet to invest at scale in the workflows, training,
and organizational changes needed to translate individual time savings into higher
output (Butler et al. 2025). Even so, widespread use of generative Al tools may
already be producing meaningful efficiency gains, as the studies discussed above
suggest. It may also be building familiarity with the technology and thus reducing
the learning and adoption costs associated with more sophisticated tools.

Four data sources support the cross-country comparisons that fol-
low. Estimates for Latin America and the Caribbean come from the LAPOP
AmericasBarometer 2025-26 wave, which includes a dedicated module of ques-
tions on GenAl use and which is combined with 2026 data from the Barbados
Digital Literacy Survey.* The other two are international benchmarks. The OECD
Europe estimates come from Eurostat 2025 data, restricted to European countries

4 The LAPOP AmericasBarometer 2025-26 wave is available for 16 Latin American countries:
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador,
El Salvador, Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay.
Additionally, harmonized data from Barbados were obtained from the Barbados Digital
Literacy Survey, 2026.
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that are members of the OECD. Estimates for the United States, for both any use
of GenAl and work-related use of GenAl, draw on 2026 data from the Harvard
Project on Workforce’s Generative Al Adoption Tracker.

Generative Al Adoption across Countries and Population Groups

Figure 3.9 compares the use of generative Al in Latin America and the Caribbean
as a whole and for individual countries in the region, as well as in OECD Europe
and the United States.

Figure 3.9. Generative Al Use across Countries
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD Europe; and the Harvard Project on Workforce's
Generative Al Adoption Tracker, 2026, for the United States.

Note: The figure shows the use of generative artificial intelligence within the three months preceding
the survey. Country-group values are unweighted averages across countries with available data. Within
each country, estimates use sampling weights for national representativeness. For estimates in Latin
America and the Caribbean, the sample includes adults ages 18-64 in all countries. Data were collected
through in-person household surveys. Fieldwork took place between October 2025 and May 2026, with
approximately 1,000 observations per country. For OECD Europe, the sample includes individuals ages
16-64 and covers European countries that are members of the OECD. The sample for the United States
includes adults ages 18-64.
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In Latin America and the Caribbean, GenAl use in the three months prior to
the survey stood at 35 percent of adults, compared with 43 percent in OECD
Europe and 58 percent in the United States. The difference between Latin
America and the Caribbean and OECD Europe is modest, especially compared
with the much larger differences observed for online purchases and digital inter-
actions with government organizations. Adoption in the United States, however,
remains substantially higher than in both regions.

The modest disparity in average adoption between Latin America and the
Caribbean and OECD Europe conceals much wider differences within the region.
Adoption ranges from 18 percent in Honduras to 54 percent in Argentina, a spread of
36 percentage points, compared with only about 8 percentage points between the
two regional averages. Argentina and Mexico are especially revealing: Despite both
having similar levels of GDP per capita, adoption in Argentina is more than twice as
high. Argentina, Chile, and Uruguay also substantially exceed the OECD Europe aver-
age and approach the level observed in the United States. This variation suggests
that income alone cannot explain the diffusion of generative Al across the region.

The large differences across countries are mirrored by substantial gaps within
countries. Figure 3.10 shows that education and age are the strongest correlates
of adoption: Use reaches 62 percent among adults with tertiary education but only
6 percent among those with primary education or less, while 50 percent of adults ages
18-34 report using GenAl, compared with 12 percent of those 55 and older.’ In turn,
adults living in urban areas report an adoption rate of 39 percent, compared with
21 percent in rural areas. Of the four subgroups examined, the gender difference is
the smallest, with 38 percent of men adopting compared with 33 percent of women.

Generative Al in the Workplace

Figure 3.11 shows the percentages of adult workers who use generative Al for
work across regions and countries. In Latin America and the Caribbean, this pro-
portion is 26 percent, compared with 27 percent in OECD Europe and 43 percent
in the United States.

Within Latin America and the Caribbean, country-level adoption among work-
ers ranges from 15 percent in Mexico to 37 percent in Argentina. The spread is even
larger than that between Latin American and Caribbean workers and U.S. workers.
Seven countries in the region lie above the OECD Europe benchmark; they are led by
Argentina (37 percent), Uruguay (36 percent), and Chile (35 percent).

°  The same differences by education and age hold within individual countries, not just in the

regional average. When adoption rates are computed within each country and then aver-
aged, the percentages move by at most one or two percentage points. The concentration
among younger adults is not unique to Latin America and the Caribbean. OpenAl's analysis
of ChatGPT users finds that nearly half of all adult messages worldwide come from users
under age 26 (Chatterji et al. 2025).

Al
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Figure 3.10. Generative Al Use across Demographic Groups
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Source: DB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin America
and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey, 2026.

Note: The figure shows the use of generative artificial intelligence within the three months preceding the
survey. The sample includes adults ages 18-64 in all countries. Data were collected through in-person
household surveys. Fieldwork took place between October 2025 and May 2026, with approximately 1,000
observations per country. The reported values are unweighted averages across Argentina, Barbados, Bolivia,
Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, Guatemala, Honduras, Mexico,
Panama, Paraguay, Peru, and Uruguay. Within each country, estimates use sampling weights for national
representativeness.

A notable example of the high levels of work-related GenAl use in the region
is provided by teachers. Data from the OECD’s 2024 Teaching and Learning
International Survey (TALIS) indicate that adoption among teachers in several
Latin American and Caribbean countries exceeds that observed in advanced
economies. While 43 percent of teachers in the United States and 36 percent
across OECD countries report using Al in their work, the corresponding shares
range from 52 to 56 percent in Brazil, Chile, Colombia, and Costa Rica (Arias Ortiz
and Giambruno 2025).

It should be noted that the adoption rates cited above measure how
many people have used these tools, not how often. In the United States, only
1-5 percent of total work hours involve direct GenAl use, and users themselves
report savings of about 5 percent of their working time as a result (Bick, Blandin,
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Figure 3.11. Work-Related Generative Al Use across Countries

Latin America and the Caribbean
OECD Europe
United States

Argentina

Uruguay
Chile |
Costa Rica |
Ecuador |
Brazil |
Bolivia |
Guatemala |
Barbados |
Colombia |
Panama |
Dominican Republic i
Paraguay i
Peru |
El Salvador |
Honduras |

Mexico

26
27

18
15
15

22

22
20
20

32
31
30
28

26

25
25

37
36
35

43

0

10

20

30

40

50

Percentage of workers using generative Al for work

Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026. Calculations are based on Eurostat, 2025, for OECD Europe; and the Harvard Project on Workforce’s
Generative Al Adoption Tracker, 2026, for the United States.

Note: The figure shows workers’ use of generative artificial intelligence for work within the three months
preceding the survey. Estimates follow the same country coverage and sample as in Figure 3.9, except for
OECD Europe, where the sample is restricted to individuals ages 25-64. Applying the same age range to
Latin America and the Caribbean reduces estimated average use to 24 percent.

and Deming 2026). Even where many workers are users, the share of working
time during which they are actually assisted by Al remains in the low single digits
at the time of this writing.

What do workers actually do with generative Al? Equivalent measures are
not yet available for Latin America and the Caribbean, but U.S. data provide a
useful indication. Among workers who used GenAl for work, 40 percent reported
using it to write communications. Other commonly reported uses included
administrative tasks (26 percent), interpreting, translating, or summarizing text
or data (23 percent), and searching for information (18 percent; Bick, Blandin,
and Deming 2026).
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As Figure 3.12 shows, workplace Al adoption varies most sharply by education
and age. Adoption reaches 45 percent among workers with tertiary education, com-
pared with just 4 percent among those with primary education or less. Differences
by age are also substantial. Among workers ages 18-34, 34 percent use Al for
work, compared with 9 percent of those ages 55 and older. Differences across the
other demographic subgroups are smaller. Adoption among urban workers stands
at 27 percent, compared with 17 percent among rural workers. The gender gap is
negligible, with adoption at 25 percent among men and 27 percent among women.

The large adoption disparities within the region may limit the potential of
generative Al to reduce productivity differences among workers. Although some
studies find larger gains for those with less prior experience or skill, these groups
are also less likely to use the technology in Latin America and the Caribbean.
Broader adoption among these workers will be necessary for those gains to
translate into more equal productivity outcomes.

Figure 3.12. Work-Related Generative Al Use across Demographic Groups
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026.

Note: The figure shows workers’ use of generative artificial intelligence for work within the three months
preceding the survey. Workers are defined as those who reported being employed (employees, self-
employed individuals, or unpaid family workers) during the week preceding the survey. Estimates follow the
same country coverage and sample as in Figure 3.10.
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Nonadoption

The evidence presented here suggests that generative Al remains in an early
phase of diffusion in Latin America and the Caribbean. About one-third of adults
used GenAl during the three months preceding the survey (Figure 3.9). The
survey data also help explain why the remaining majority have not yet adopted
these tools. Figure 3.13 presents the main reasons cited by nonusers.

Among nonusers, the most common barriers relate to perceived relevance
and practical know-how rather than privacy concerns; 41 percent say they do
not feel a need for GenAl, 25 percent say they do not know how to use it, and
14 percent say they did not know such tools existed. Together, these responses
account for about 80 percent of nonusers, suggesting nonadoption reflects

Figure 3.13. Reasons for Not Using Generative Al, across Demographic Groups
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Source: IDB staff calculations, based on data from the LAPOP AmericasBarometer, 2025-26, for Latin
America and the Caribbean, except Barbados, whose data are from the Barbados Digital Literacy Survey,
2026.

Note: The figure shows the distribution of the main reasons reported for not using generative artificial intel-
ligence in the three months preceding the survey, among those who reported not having used it during this
period. Estimates follow the same country coverage and sample as in Figure 3.10.
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limited awareness of potential uses and uncertainty about how to engage effec-
tively with the technology more than active resistance to it.

Combined with the steep educational gradients in adoption shown in
Figures 3.10 and 3.12, these responses underscore the central role of digital
skills in expanding generative Al use. These patterns suggest that limited digi-
tal skills and practical knowledge of potential applications are important barriers
to broader GenAl adoption. The broader role of skills and other complementary
capabilities in enabling effective digital adoption is examined in Chapter 4.

Conclusion

The evidence in this chapter points to a consistent pattern: Latin America and
the Caribbean has achieved broad access to digital technologies, but their use
remains much shallower in activities that involve transactions and integration with
firms and governments. Internet use is widespread, and the region approaches
advanced-economy levels in relatively low-friction activities such as messaging
and social networking. Yet large gaps persist in areas such as online purchasing
and digital public services, where effective use depends on more complex sup-
porting systems and organizational processes.

Generative Al broadly fits this pattern. Overall and work-related use in the
region are already close to levels in OECD Europe, reflecting the ease with which
individuals can access consumer-facing tools directly. But widespread individual
use does not imply deep integration into production or organizational processes.
Adoption also varies substantially across countries and population groups, par-
ticularly by age and education, while many nonusers report limited knowledge or
skills as barriers to use.

Taken together, these findings document a central part of the book’s broader
argument: Widespread access and use do not by themselves imply the deep
adoption needed for digital technologies to generate productivity gains. The key
issue now is whether these technologies become sufficiently integrated into how
firms, governments, and workers operate. For a region that has experienced weak
productivity growth for decades, this distinction is central to understanding the
potential of digital transformation. Chapter 4 turns to the factors that impede
that transition, examining how weak or ineffective institutions, regulation, human
capital, data, and infrastructure, along with market and coordination failures, pre-
vent broad access from becoming deep, productivity-enhancing adoption.



The Policy Challenges of
Effective Digital Adoption

The revolution that began with digitalization and has culminated in artificial intel-
ligence (Al) has provoked excitement, because innovation and the adoption of
new technologies are central to productivity growth and economic development.
It has also provoked anxiety, because the associated challenges and disruption
are significant. While a country’s institutions—the rules, norms, and organiza-
tions that structure how societies respond to digital technologies—are essen-
tial to overcoming the challenges and accommodating the disruption, they may
instead discourage investments in these technologies and amplify their risks. The
human capital required to develop the new skills that are vital to installing and
using the technologies may be absent. The data and infrastructure that are indis-
pensable to taking advantage of them may be slow to emerge. And, even if all
of these prerequisites are present, market and coordination failures can impede
their diffusion.

Indeed, the slow diffusion of digital technologies has long been a concern in
Latin America and the Caribbean. One manifestation of this in the region’s public
sector is that 26 percent of adults report interacting with the government online
during the three previous months, compared to 70 percent in Organisation for
Economic Co-operation and Development (OECD) countries (see Chapter 3). The
region spends significantly less on software as a share of gross domestic prod-
uct than the OECD average (see Figure 4.1). Even among formal firms, the use of
digital tools remains shallow and uneven, as Chapter 13 relates.

General-purpose technologies like digitalization and artificial intelligence—
and like steam engines and electricity before them—tend to be difficult to adopt.
As generic innovations that give rise to broad, economy-wide transforma-
tions, their benefits emerge when they have diffused across many sectors and
enabled complementary innovations. To realize their potential, they require sig-
nificant adaptation of organizational practices (Bresnahan and Trajtenberg 1995;
Helpman 1998).

Technology adoption always depends on the institutional environment,
human capital, infrastructure, and policies to address coordination and other
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Figure 4.1. Software Spending as a Share of GDP

Latin America and the Caribbean 0.19
Emerging market economies 0.23
OECD 0.44
United States | 1.26
Chile 0.60
Brazil | 0.38
Bolivia | 0.31
Argentina i 0.28
Ecuador | 0.26
Costa Rica | 0.25
Uruguay i 0.23
Peru | 0.22
Panama | 0.21
Honduras | 0.21
Mexico | 0.20
Trinidad and Tobago | 0.16
Colombia | 0.16
Barbados | 0.16
Jamaica | 0.07
Nicaragua 1 005
Paraguay 1 005
El Salvador | 0.04
Venezuela | 0.04
Dominican Republic 1 0.02
Guatemala | 0.01
1

0 0.5 1.0 1.5 2.0
Software spending as a percentage of GDP

Source: IDB staff calculations, based on WIPO (2024).

Note: Country-group values are unweighted averages across countries with available data. OECD and
emerging market economies exclude Latin American and Caribbean countries. Emerging market economies
follow the International Monetary Fund classification (IMF 2025b, Table A).

market failures that inhibit technological diffusion across the private and pub-
lic sectors. As the discussion below highlights, general-purpose technologies
have particular characteristics that make them, in principle, especially sensitive
to institutions, human capital, infrastructure, and coordination and other market
failures. In countries where these already delay technology adoption, the adop-
tion of general-purpose technologies is likely to lag even more.

Special Challenges Posed by Digitalization and
Artificial Intelligence

Realizing the potential of general-purpose technologies requires comple-
mentary investments, scale, and organizational transformation, all in the face
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of significant uncertainty. Hence, productivity may initially stagnate or even
decline after such technologies are introduced, before eventually increasing.
Brynjolfsson, Rock, and Syverson (2021) argue that this pattern applies to digi-
tal technologies. Organizations first incur adjustment costs, invest in intangible
complements, and experiment with new workflows. Only later, after comple-
mentary innovations diffuse and organizations learn how to scale effective
practices, does productivity accelerate.

Four properties of general-purpose technologies account for the J-shaped
evolution of productivity discussed in Chapter 2. First, they are not “plug and
play”; they do not simply replace older technologies but instead require signifi-
cant complementary inputs. In the case of digital technologies, the list is long and
includes digitalized data assets and software and algorithms to manipulate them;
servers, graphics processing units (GPUs), and sensors and internet-enabled
equipment (internet of things); infrastructure, including fiber networks, mobile
broadband, submarine cables, and data centers; and reliable power for data cen-
ters and high-intensity compute workloads. Digital technologies also require new
skills. In the absence of any of these, the returns to digital investments plummet.

Second, the greatest productivity gains from general-purpose technologies
emerge after changes in workflow and business design—that is, when organiza-
tions bundle technology adoption with management upgrades, workforce train-
ing, and process changes (Brynjolfsson, Rock, and Syverson 2021). In the public
sector, for example, Al can help detect fraud, optimize inspection schedules, and
personalize citizen services, but only if agencies redesign data flows, ensure
interoperability, and establish accountability frameworks for how data are col-
lected and used.

Third, general-purpose technologies exhibit significant economies of scale
and scope. Returns to investments in these technologies increase as organiza-
tions and countries employ them at greater scale and across more applications.
A government that builds a high-quality digital identity system, interoperable
registries, and secure data-sharing frameworks can leverage these across taxa-
tion, social protection, health services, and disaster response. Similarly, a firm
with strong data architecture can apply Al to marketing, operations, compliance,
and human resources analytics. Once individuals have incurred the fixed costs of
digitalization, they can adopt additional digital services at low marginal cost, from
WhatsApp to digital government services, education platforms, or health tools.

Larger and more diversified organizations and organizations with greater
access to finance are better placed to benefit from economies of scale and
scope. In countries where institutions and public policies discourage firm growth
and limit access to finance, economies of scale and scope are more difficult to
achieve. This particularly hinders the adoption of general-purpose technologies
like digitalization and Al.
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These characteristics explain why general-purpose technologies are trans-
formational: Returns increase and productivity effects multiply as complemen-
tary inputs become available, organizations are revamped, and adoption grows in
scale and scope. Economies that embraced earlier general-purpose technologies
had changed completely a few decades after adoption.

Uncertainty about their private and social returns, however, is the fourth criti-
cal characteristic of new general-purpose technologies. Organizations are uncer-
tain about the productivity gains they will accrue from digital technology (they do
not yet know, for example, which tasks artificial intelligence can reliably handle at
low cost) and also about how to reorganize production or their interaction with
customers so as to maximize those gains.! The benefits of digital technologies may
depend on adoption by others whose behavior is itself uncertain. The speed of
technological change is another unknown, but rapid cycles of obsolescence accel-
erate the depreciation of early investments and reduce returns to early adoption.
Finally, the returns to early investments may be negative if complementary inputs,
from data to energy, do not materialize. In the face of this uncertainty, individually
rational decisions to postpone adoption can trap the economy in a low-adoption
equilibrium, despite large potential productivity gains.

Large uncertainty about societal risks is also consequential and shapes the
regulatory landscape within which technology acquisition must be navigated. The
risks include labor displacement, which could be modest and gradual or large
and cataclysmically rapid; the unauthorized distribution of private information,
with effects ranging from moderately disturbing to highly invasive; the impact of
algorithms, which may amplify human biases or moderate them; the use of digital
technologies, which may advantage either criminals and rogue states or law enforce-
ment and national security; and social media, which may reduce loneliness or harm
the psychological health and cognitive capacities of young people. The magnitude of
these risks, the degree to which markets can limit them, and the appropriate policy
responses to market failures that may perpetuate and amplify them are all uncertain.

Challenges of Effective Digital Adoption in the Region

The unique characteristics of general-purpose technologies compared to other tech-
nologies make their adoption particularly vulnerable to weak institutions; to insuffi-
cient human capital, infrastructure, and data; and to coordination and market failures
that slow diffusion (Figure 4.2). Weak regulatory institutions make the inherently

T Even the economic returns of the most prominent application of Al—in the creation of new

software products—are uncertain. In an analysis of data from more than 100,000 GitHub
developers, Demirer, Musolff, and Yang (2026) find the impact of Al on the coding pro-
ductivity of developers is six times greater than its impact on the software products they
actually deliver. They attribute the difference to the fact that software products require
human inputs that go beyond coding and are less susceptible to Al.
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Figure 4.2. Policy Framework for Effective Digital Adoption
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uncertain returns to adoption even more uncertain. Human capital and infrastructure
deficits impose greater costs when the benefits of technological adoption rise with
the scale of adoption. The social costs of barriers to diffusion are greater when the
returns to new technology rise with the number of organizations that adopt them.

Institutions and Effective Digital Adoption in the Public and Private Sectors

Institutions have profound effects on the adoption of new technology. When they
produce predictable and efficient rules and enforce them fairly, they build trust among
actors and strengthen adoption incentives. Weak institutions that produce arbitrary
rules and enforce them haphazardly reduce trust and discourage adoption. Weak state
institutions in Latin America and the Caribbean reduce trust. Less than 30 percent
of people in the region trust their governments, compared with 44 percent in OECD
countries and 38 percent in the rest of the world (Keefer and Scartascini 2022).

The effects of weak institutions on trust reverberate inside organizations and
impede technology adoption. Keefer and Vlaicu (2024) find that high-trust public
employees in Latin America and the Caribbean are more likely to support tech-
nological innovation and to share information and collaborate with other employ-
ees. Experience with electronic health record initiatives in Bogota, Colombia, and
Costa Rica highlights resistance from health personnel as an important barrier to
adoption, one reflecting employees’ concerns about how organizations will man-
age the impact of change (Pérez Serna 2023; Ochoa Chaves, Jiménez Alvarado,
and Martinez de Lemos 2023).

Mistrust also hinders individuals’ adoption of new technologies. Survey respon-
dents in Uruguay reported that they were eager to receive personalized health or
education services, but once they were asked to share personal data, their interest
declined by approximately 3 percentage points (Aguirre De Mora, Roseth, and
Santamaria 2024). A survey in Argentina, Brazil, Chile, Colombia, Mexico, and Peru
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identified respondents who did not use a mobile phone to pay for services or to
send or receive money. Of these, 28 percent indicated mistrust of the digital pay-
ment format as the reason (Vlaicu 2025).

Weak institutions also undermine the quality of regulations required to encourage
the adoption of digital technologies. Latinobarémetro data from 2020 show that
three-quarters of regional respondents believe laws are not applied equally, and
84 percent doubt others obey the law. But unequal application of laws is detrimental
to investment in new technology. In contrast, a level playing field for firms enhances
competition, motivating firms to make investments at the technological frontier.
Alviarez et al. (2025) identify firm market power and low competitive pressure as
an important reason for low productivity growth (and, implicitly, slow technology
adoption) in Latin America and the Caribbean. They trace these, in turn, to regulatory
barriers to entry and the permissive regulation of collusive behavior.

Barriers to entry help explain why average costs of mobile broadband access
in the region, adjusted for purchasing power parity (PPP), are almost 50 percent
higher than in OECD countries and 20 percent higher than in emerging market
economies (see Figure 4.3). Fixed broadband follows a similar pattern, with costs
in the region more than 20 percent above those in OECD countries and emerging
market economies.

Figure 4.3. Fixed and Mobile Broadband Price Baskets across Country Groups
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Source: DB staff calculations, based on the International Telecommunication Union’s ICT Price Baskets, 2025.
Note: The figure shows the average 2024 price of the fixed broadband basket and the data-only mobile
broadband basket, expressed in purchasing power parity (PPP) terms. Reported values are unweighted
averages across countries with available data. The estimates for Latin America and the Caribbean are
based on 25 countries. OECD and emerging market economies exclude Latin American and Caribbean
countries. Emerging market economies follow the International Monetary Fund classification (IMF 2025b,
Table A).
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The region also lags in the predictability and quality of its regulatory environ-
ment and, more broadly, in government effectiveness and the rule of law. If the
system of rules is unstable or inefficient, investment in new technology slows. One
analysis of 39 different challenges to development in the region ranked institutional
capacity as among the most critical constraints (Avellan and Brito 2023). According
to the World Bank’s Worldwide Governance Indicators, both government effective-
ness and rule of law have worsened in the region over the past decade. Between
2013 and 2023, the former fell from the 58th to the 49th percentile, and the latter
from the 52nd to the 48th percentile, with a wide regional variation (Figure 4.4). In
such an institutional environment, it is difficult for firms to secure the legal validation
usually needed for essential organizational transformations, such as those associ-
ated with digital payments, electronic signatures, telemedicine, and data sharing.

General-purpose technologies also place new demands on institutions.
Digitalization and artificial intelligence require institutions to allocate and enforce

Figure 4.4. Government Effectiveness and Rule of Law
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Note: The rule of law score reflects reviewer assessments of contract enforcement, property rights, the police
and courts, and the likelihood of crime and violence. Government effectiveness is an assessment of the qual-
ity of public services, the civil service, policy formulation and implementation, and the credibility of a govern-
ment’s decisions. Both indicators are expressed on a standard normal scale (approximately =2.5 to 2.5), with
higher values indicating better governance. OECD and emerging market economies exclude Latin American
and Caribbean countries. Emerging market economies follow the International Monetary Fund classification
(IMF 2025b, Table A). “Other” covers the remaining countries and economies with available data. The dashed
line indicates the linear fit.
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new property and contract rights related to data; to address potential new market
failures, such as those related to data privacy or biased algorithms; and to con-
front emerging redistributive concerns, such as labor market displacement. When
institutions are effective in accomplishing these tasks, trust increases, invest-
ment returns are more predictable, and effective digital adoption accelerates.

The remainder of this section focuses on two prominent institutional chal-
lenges emerging from digitalization and artificial intelligence. One is protecting
digital property rights from cybercrime—that is, maintaining the rule of law in the
digital economy. Another is defining property rights related to data and the rules
for data transactions—that is, determining what rights to their data people retain
once they have shared them online, and under what conditions they should be
allowed to waive those rights. To meet both challenges, regulatory institutions
need the capacity to identify market failures, quantify their impact, and, if neces-
sary, design and implement efficient regulatory responses to them.

Cybersecurity

A central role of the state is to ensure public safety and preserve the rule of
law. Chapter 9 discusses the opportunities digital technologies offer to improve
the criminal justice system and reduce crime but not the challenges they pose
by enabling cybercrime. Across Latin America and the Caribbean, organizations
faced an average of about 2,800 attacks a week in 2025, 40 percent more than
the global average of 2,000 and 75 percent more than the European average of
1,600 (Check Point Research 2026). Media-disclosed cyberattacks in the region
grew 25 percent annually between 2014 and 2023 (Vergara Cobos 2024).

Lukosite, Halstead, and Righetti (2026) estimate the total global economic
damage from cybercrime, including ransom payments, approached US$500 billion
in 2025. In Latin America, rough estimates suggest the average cost of a data
breach is approximately US$3.8 million (IBM 2025).2 Institutions affected by a
cyberattack on one U.S. banking service provider reduced their payments by 46
percent, creating liquidity shortages for banks that were not targeted (Kotidis and
Schreft 2025).°

2 These numbers reflect the total economic burden, including technical remediation, legal

fees, and regulatory penalties, which accumulate on top of any direct financial theft or
ransom payments. The US$500 billion figure comprises direct losses to individuals
(40 percent), direct losses and response costs for firms (40 percent), and preventive
defense spending (20 percent).

The emotional costs of cyberattacks can also be large, and cyberbullying is pervasive.
A national survey in Mexico revealed that 20 percent of individuals ages 12 and older who
reported using the internet in 2025 experienced some form of cyberbullying or online
harassment between August 2024 and October 2025 (INEGI 2026).
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The threat of cybercrime also suppresses economic activity. It raises the
cost of financing, with investors demanding an annual risk premium of up to
8.3 percent to hold stocks highly exposed to cyber risk (Florackis et al. 2023).
The loss of customer trust arising from cyber incidents reduces long-term sales
growth by 3.4 percentage points for large firms and 5.4 percentage points for
retail businesses, while bonds lose approximately 2 percent of their value within
a month of an incident (lyer, Simkins, and Wang 2020). When firms disclose
breaches involving personal financial information, the value of their stock drops
an average of 1.1 percent (Kamiya et al. 2021).

Cybercrime is difficult to deter. It has low barriers to entry, which advances
in Al have further reduced. Financial returns are high; according to Lukositte,
Halstead, and Righetti (2026), scams and ransom payments yield approximately
US$200 billion a year. Cybercrime does not require significant technical skills, with
over 52 percent of cyberattacks driven by easily accessible, standardized extor-
tion and ransomware tools (Microsoft 2025). Moreover, prosecution is easy to
evade. In the United States, for example, only 0.3 percent of reported cybercrime
incidents result in arrests (Eoyang et al. 2018), because enforcement agencies
lack technical expertise and funding, and jurisdictional divides and the absence
of harmonized international laws and extradition agreements hinder enforcement
(Qudus 2025). Finally, because firms fear the fallout from disclosing cybercrimes
(Amir, Levi, and Livne 2018), many incidents go unreported (Romanosky 2016).

Despite the threat of cybercrime, organizations appear to invest too little in
their own cybersecurity. In 80 percent of cyberattacks, attackers gained entry
by exploiting unmanaged devices—such as unpatched personal hardware—or
by utilizing stolen passwords purchased on the dark web (Microsoft 2025). Two
market failures explain why private investment in cybersecurity is low, pointing to
an important role for regulatory institutions.

First, private actors are imperfectly informed about the probability of cyber
incidents, the costs they impose, and the benefits of investing in cyber defense
(Vergara Cobos 2024). Their imperfect information can be inferred from the
fact that once firms experience a cyberattack, they increase their cyber
defenses by much more than they would have if they had been well informed:
Compared to their counterparts that were not attacked, firms that experience a
cybersecurity breach eventually deploy 44 percent more integrated solutions.
They also typically double their reliance on leading providers of cybersecurity
(Hajizada et al. 2026).

The second market failure is that private actors do not take into account
the implications for others of their own investments in cyber defense. Computer
viruses that successfully attack one firm are more likely to move on to attack addi-
tional firms, so action by one firm in effect protects others (Gordon et al. 2015).
The 2017 NotPetya cyberattack highlights the magnitude of these externalities.
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It resulted in over US$7.3 billion in collateral losses for the customers of the
affected firms—an economic impact four times larger than the initial drop in prof-
its reported by the firms that were directly targeted (Crosignani, Macchiavelli,
and Silva 2023).#

The public sector is not immune to these failures. Individual government
agencies are not well informed about cyber risks and, in addition, have weak
incentives to consider the impact of their cyber defense spending, or lack of
spending, on other organizations in the public and private sectors. Governments
can correct these failures in both sectors by investing in cyber defense; by
encouraging, monitoring, and coordinating the cyber defense investments of the
private sector; and by reinforcing their capacity to respond to and prosecute per-
petrators of cyberattacks.

Figure 4.5 indicates that Latin America and the Caribbean is making progress
in establishing the institutional foundation for strong cyber defense, but the foun-
dation is still weak. The average of indicators from the Cybersecurity Capacity
Maturity Model increased from 0.33 in 2016 to 0.43 in 2024, but it is still far from
the maximum of 1 on the 0-1 scale.

Privacy

Data privacy is another important regulatory challenge of digital technology. As
privacy concerns have expanded from physical spaces to digital, the boundaries
separating private from public information have also shifted (Acquisti, Taylor, and
Wagman 2016), triggering demands for new regulation. To design privacy regula-
tions that enhance the welfare gains from digital adoption, regulatory institutions
need three capabilities: to verify there is a market failure or distributional objec-
tive that regulation should address; to quantify the extent of the problem—for
example, the social losses related to data privacy; and to verify that the proposed
regulations yield social benefits greater than their social costs. Globally and
across the region, regulatory institutions overseeing data often make decisions
without information on these three dimensions.

One way to assess whether individuals suffer an excessive loss of privacy is
to ask whether the compensation they receive for their personal information is
less than they would receive in a competitive market for their data. Several mar-
ket failures can lead to this outcome: if providers of digital services have market
power that allows them to acquire individuals’ personal data at less than competi-
tive prices; if individuals involuntarily use the digital services that require them to

* NotPetya was a 2017 global cyberattack that utilized wiper malware disguised as ransom-
ware. Initially targeting Ukrainian infrastructure, the malware spread through supply chains
to multinational companies.
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Figure 4.5. Cybersecurity Capacity Maturity Model Scores
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Note: The Cybersecurity Capacity Maturity Model for Nations tracks Latin American and Caribbean coun-
tries’ progress along some of the institutional dimensions of cyber defense. The policy and strategy dimen-
sion refers to the institutional and strategic frameworks governing cybersecurity; culture and society refers
to digital literacy and active cyber citizenship; cybersecurity knowledge and capabilities refers to relevant
education and training programs; legal and regulatory frameworks refers to the strength and enforceability
of legal norms needed to safeguard the digital domain; and standards and technologies refers to technical
standards, incident response processes, and technologies to reduce operational risks across national infra-
structure. Reported values are unweighted averages across 30 Latin American and Caribbean countries.

share personal information; if individuals are unaware of how buyers will use their
data; or if the transactions between digital service providers and their customers
affect the welfare of individuals who are not parties to the transaction.

Evidence from outside of Latin America and the Caribbean suggests each
of these failures may be present in the market for personal information, poten-
tially justifying some form of regulation. Research on the General Data Protection
Regulation (GDPR) of the European Union, for example, indicates that online ser-
vice providers may exercise market power. The GDPR requires online firms to
obtain the consent of users before collecting their personal data. Larger firms
have been better able to secure consent than smaller firms. Among users of
smaller e-commerce sites, 20 percent did not consent, a comparatively large
share of refusals that suggests users believed they had other competitive options.
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Their refusal led to a 17 percent revenue decline for these sites. Among users of
larger sites, only 8 percent did not consent, suggesting users did not believe
they had comparable alternatives—that these larger firms exercise market power.
Revenue losses for these sites were only 8 percent (Goldberg, Johnson, and
Shriver 2024).

Evidence from the United States indicates that participation in digital mar-
kets is not always voluntary. Many individuals participate in social media only to
avoid the social costs of not participating, such as social stigma (see Bursztyn et
al. 2026). Privacy laws that make participation in social media more costly would
reduce this stigma.

Ample evidence from outside the region also indicates consumers do not
know which specific entities hold their data, how that information is used, or how
to limit its collection. Nor are they aware that companies routinely gather non-
self-disclosed information via cookies, clickstream data, and external databases
(Goldfarb and Que 2023). Consumers may, therefore, underestimate the impact
of data sharing on their privacy and demand too little compensation for their
personal information.

Finally, digital transactions have spillover effects on third parties who do
not participate in them. Personal data collected from a fraction of a population
can be enough to infer the personal characteristics of everyone else, including
those who do not even use online services (Acquisti, Taylor, and Wagman 2016).
Moreover, as more individuals opt out of using online services, online service pro-
viders can more accurately track the behavior of those who remain.’

The existence of a market failure does not, alone, justify regulation. It is also
important to verify that the welfare losses from such failures are sufficient to
justify regulatory interventions. In fact, global evidence, including data from Latin
America and the Caribbean, suggests market failures related to privacy may not
impose large social costs because individuals often do not place a high value on
data privacy. Exact values placed on data privacy vary widely across types of
information and countries, however—a situation that increases the demands on
regulatory capacity.

The privacy paradox—which holds that people claim to value privacy highly
but behave as if they do not—was originally suggested by Norberg, Horne,
and Horne (2007). A decade later, Athey, Catalini, and Tucker (2017) provided
experimental evidence of this discrepancy between stated preferences and

° When privacy-conscious users opt out, they remove anonymous data from the tracking

pool. The remaining consumers are often more similar, making them more predictable
and easier to track. Following the implementation of the European Union’s General Data
Protection Regulation, the ability of websites to track remaining users over a multi-week
period increased by approximately 8 percent (Aridor, Che, and Salz 2023).
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behavior. In their study, even students who expressed strong preferences
for privacy were more willing to disclose their friends’ email addresses when
offered a free pizza. Prince and Wallsten (2020) measured individuals’ willing-
ness to pay for data privacy across six countries (Argentina, Brazil, Colombia,
Germany, Mexico, and the United States). Although for more sensitive informa-
tion individuals demanded more, the amounts in general were low: on average,
US$8.40 monthly to share their bank balances and US$7.60 for fingerprint data.
For less sensitive information, these demands dropped considerably; individuals
demanded US$1.80 for location sharing and were unwilling to pay anything at all
to avoid receiving targeted advertisements.

Geographical disparities in the valuation of personal data are also signifi-
cant. Latin Americans, particularly in Colombia, place the highest premium on
biometric data (fingerprints), requiring US$12.90 monthly, compared to US$5.90
in Germany. Where respondents in Germany and the United States required pay-
ment to accept advertisements, Colombians were willing to pay approximately
US$2.50 monthly to receive text-message ads. While this evidence suggests pri-
vacy regulation may not deliver large social benefits in most cases, it also under-
lines the importance of regulatory capacity to estimate these benefits.

Finally, even if market failures exist and the resulting loss of privacy has large
effects on social welfare, it may not be the case that regulations can make a differ-
ence at reasonable cost. Existing evidence raises doubts about both the efficacy
and cost of privacy regulation. Regarding efficacy, Miller, Lukic, and Skiera (2025)
conclude that data protection regulations reduce intrusive tracking but do not slow
the global growth of tracking. Earlier results, from Urban et al. (2020), are similar.
Fewer companies collect data, but the overall data collected about users remains
unchanged. Regarding costs, privacy regulation appears to be expensive. Demirer
et al. (2026) show that in response to the GDPR, EU firms became less data inten-
sive, decreasing data storage by 26 percent and processing by 15 percent rela-
tive to comparable U.S. firms. In addition, website traffic decreased, and visitors
viewed fewer pages (Goldberg, Johnson, and Shriver 2024). Privacy regulation also
appears to increase the market power of large digital service providers, leading to
fewer, larger companies tracking users across more websites (Urban et al. 2020).

Most of the world’s data privacy laws were drafted or enacted in the 2010s
(Lim and Oh 2025), before evidence was available to inform the three issues
for institutions identified above (whether there is a market failure that regula-
tion should address, whether the failure imposes large social costs, and whether
regulating it would create larger social benefits than social costs). The European
Union’s GDPR applies uniform baseline standards, such as the requirement for
explicit, opt-in consent, across all economic sectors. The United States relies
on targeted privacy statutes for specific industries, such as health and finance,
or particular groups, especially children. The U.S. system allows commercial
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data collection by default, unless the consumer objects. In Latin America and
the Caribbean, 19 countries have enacted specific personal data protection laws,
with varying levels of enforcement. They approximately follow the European
model, but, in general, countries make this choice without prior analysis of the
existence of failures in the market for personal data, their social costs, or regula-
tory effectiveness in addressing them.

In sum, strong institutions are always important for investment in new tech-
nology and, even more so, for general-purpose technologies, which are particu-
larly sensitive to the rule of law and secure property and contract rights. They
are also very sensitive to regulatory arrangements that maintain a level playing
field and that proceed deliberately in evaluating market failures, the harms these
generate, and the efficacy and costs of regulatory responses to these failures.

Human Capital and Effective Digital Adoption

Effective digital adoption and, especially, artificial intelligence raise profound
questions about the evolving demand for human capital. How, for example, will
artificial intelligence change the returns to investments in technology-related
human capital, such as computer science, versus returns to investments in foun-
dational competencies (literacy, numeracy, and problem solving) and managerial
competencies (such as optimization of firm structures to exploit the benefits of
new technologies)?

Digital technologies, particularly Al, are likely to reduce the returns to some
skills that used to be highly valued (routine data entry, information retrieval, and
some coding tasks), potentially displacing workers currently dedicated to these
tasks (Eloundou et al. 2024). Other tasks, many not strictly digital in nature, will
become more important, such as the design and execution of complex projects,
the management of digital platforms, the procurement of advanced technologies,
and the development and adoption of Al solutions (Martins-Neto et al. 2025).
Effective digital adoption also places unique demands on managers, who must
align new digital technologies with strategy and guide organizational change
efforts (Ciarli et al. 2021).

Data from the International Telecommunication Union (ITU) indicate that indi-
viduals in Latin America and the Caribbean are less likely to engage in advanced
digital activities than people elsewhere. The share of the region’s respondents
who report undertaking tasks that require basic or intermediate skills is also
lower, approximately one standard deviation below the OECD average and
0.40 standard deviations below the average for emerging market economies.®

® These indicators are best interpreted as behavioral proxies for digital proficiency.

Individuals may undertake few advanced activities because they lack advanced skills or
because they have few opportunities to use advanced skills.



THE POLICY CHALLENGES OF EFFECTIVE DIGITAL ADOPTION

Reported digital activities vary substantially across countries in Latin America
and the Caribbean (Figure 4.6), with respondents in Chile and Uruguay engag-
ing in far more digital activities than the regional average, while those in Ecuador
report fewer.

These differences are economically meaningful. Individuals with only basic
skills struggle with managing data in spreadsheets, engaging in e-commerce,
conducting online banking, or installing and configuring software. The large frac-
tion of individuals in the region without intermediate and advanced skills will be
slow to translate connectivity into more productive uses of digital technology.

This deficit in digital skills likely reflects deeper and more persistent deficits
in foundational competencies. As Chapter 5 reports, current students also exhibit
lower levels of foundational skills: Only 24 percent of 15-year-olds in Latin America
and the Caribbean achieve a minimum math standard, compared with 69 percent
of their counterparts in the OECD. Weaknesses in reading comprehension and
quantitative reasoning constrain individuals’ ability to navigate, interpret, and

Figure 4.6. Skills Required by the Digital Activities Individuals Undertake
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Source: DB staff calculations, based on data from the ITU DataHub, 2022-23.

Note: Digital skills indices are expressed in standard deviations relative to the average in Latin America and
the Caribbean—that is, a value of one indicates the index is one standard deviation higher than the Latin
American and Caribbean average. The indices are constructed using the most recent ITU country-level
indicators (2022 or 2023) on the share of individuals who had recently undertaken basic, intermediate, and
advanced digital tasks, based on the skills required to complete different tasks. Each country’s index for
each skill level is the average of the z-scores at that level. Each resulting index is then standardized relative
to the Latin American and Caribbean mean and standard deviation. No country index is reported for basic
or intermediate tasks if data are available for fewer than five tasks; no advanced index is reported if data
are available for fewer than two tasks.
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apply digital tools effectively. Those who lack these skills may struggle to design
Al agents or even to provide Al with prompts that extract useful predictions from
it. They may also be unable to use Al to compensate for their lack of other digital
skills by, for example, using natural language assistants to create a formula in a
spreadsheet, format a document, or navigate an unfamiliar government platform.

Infrastructure and Data

General-purpose technologies not only place unprecedented demands on exist-
ing infrastructure (for example, energy); they require the creation of whole
new classes of infrastructure (connectivity, data centers, interoperability).
Digitalization requires infrastructure to store, transport, and process digitalized
data. Even more fundamentally, digitalization requires data. Without data, and
particularly without local data, effective digital adoption and the training and
adaptation of Al systems cannot even begin.

Data to fuel digital technologies only exist if organizations value them as
essential to better decision making. Organizations that feel little pressure from
competitors or voters to make data-driven decisions, however, are unlikely to
prioritize investments in the digitalization and analysis of data. One indicator of an
organization’s interest in data is whether it acquires business enterprise software,
which is central to the effective use of data in decision making. Unfortunately,
relatively few firms in the region appear to use business enterprise software (see
also Chapter 13). Uruguay is one of the most digitally advanced countries of the
region and closely monitors digital adoption by its firms. In 2024-25, 23 percent of
small firms, 27 percent of medium-size firms, and 47 percent of larger firms used
enterprise resource planning (ERP) software (Jaccoud 2025). The percentages
were lower for customer relationship management (CRM) software, at 14 percent,
12 percent, and 27 percent, respectively. Contemporaneous percentages for the
European Union were much larger: 41 percent of small enterprises and 89 percent
of large firms used ERP software, while 25 percent and 65 percent, respectively,
used CRM software (Eurostat 2026).

Low-productivity countries also tend to lag in developing the infrastructure
needed to take advantage of the data they collect. Latin American and Caribbean
countries have been slow to invest in data storage and processing and in con-
nectivity. OECD economies outside the region have seven data centers per mil-
lion inhabitants, but the region only has one.” This paucity means that users in
Latin America and the Caribbean are more likely to rely on distant data centers,
often in other countries. Cross-border interconnection within the region remains
limited, and connections to countries with more developed digital infrastructure

/" This information is from the Data Center Map, a research tool that provides information on

12,259 data centers across 179 countries (see https://www.datacentermap.com).
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are often poor. Submarine, terrestrial backbone, and inter-urban connectivity
systems are both sparse and aging (Garcia Zaballos et al. 2023; Wood 2024).
Most of the region’s submarine cable systems were deployed between 2000
and 2010 and are approaching or exceeding their 25-year design lifespan (Wood
2024).2 As a result, even traffic between neighboring countries is frequently
routed through external hubs, forcing countries to pay high costs and experi-
ence significant transmission delays (latency). The region also scores 4.6 out
of 8 on the Broadband Development Index (Garcia Zaballos, Iglesias Rodriguez,
and Puig Gabarr6 2023), compared with 6.3 for OECD economies. Median down-
load speeds remain less than half the OECD average (Garcia Zaballos, Iglesias
Rodriguez, and Puig Gabarré 2023). In 2022, 79 percent of urban households had
fixed broadband access, compared with 43 percent in rural areas (IICA 2022).

Institutional obstacles slow the modernization and expansion of data and
digital infrastructure. Submarine cables, regional data hubs, and cross-border
connectivity corridors require harmonized regulatory standards, streamlined per-
mitting procedures, coordinated deployments, and joint spectrum management
frameworks (Puig Gabarré et al. 2021). Uneven spectrum management and com-
petition policies limit incentives for infrastructure sharing, co-deployment, and
open access, especially in underserved areas (World Bank 2021).

Data collected in 2025-26 by the Latin American Public Opinion Project
(LAPOP) indicate that individuals in the region, particularly poorer ones, also
lack the equipment they need to take advantage of digital technologies. Among
those with below-median incomes, only 59-83 percent used the internet from
a mobile phone with mobile data during the three months preceding the survey
(Figure 4.7). The difference widens when looking only at fixed connections, which
tend to be faster and have fewer data restrictions. Only 25-70 percent of below-
median income individuals used fixed internet from their homes. A large fraction
of lower-income individuals did not use the internet at all (16 percent) or used it
only through mobile data (33 percent).

Computer ownership lags in the region (and, given differences in mobile
and fixed internet access, is likely to lag even more among poor households).
This is consequential, since computers are more productive than mobile phones
for complex digital tasks, educational activities, and the use of government and
firm platforms designed for larger screens. The share of households with com-
puters is around 80 percent in the OECD, above 60 percent in emerging market
economies, and just over 40 percent in Latin America and the Caribbean.® Public

8 These are submarine systems with in-line repeaters, containing active electrically powered
components along the cable that degrade over time.

IDB staff calculations, based on the ITU DataHub. Estimates for Latin America and the
Caribbean are based on data from Argentina, Brazil, Colombia, Costa Rica, Mexico,
Paraguay, and Peru.
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Figure 4.7. Mobile and Fixed Internet Use by Income Group
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Note: The figure shows mobile and fixed internet use within the three months preceding the survey. Results
are shown separately for two sets of respondents: those at or below the median income of the country and
those above it. The sample includes adults ages 18 or older. Estimates use sampling weights for national
representativeness. Panel A shows internet use on mobile phones with mobile data. Panel B shows fixed
internet use at home, including Wi-Fi, broadband, fiber-optic, or cable.

policies, such as high tariffs on computers, may be at least in part responsible
for the unaffordability of computers for poorer households. Even if these policies
are changed, though, the ubiquity of mobile devices in the region, combined with
lags in computer ownership, indicates the more important challenge is to optimize
digital services for ease of use by those with limited bandwidth and small screens.
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Many of the greatest benefits of digital technologies arise when government
ministries and firms share and reuse one another’s data, increasing productiv-
ity across institutions. The cost of financial transactions, for instance, plummets
when payments from buyer to seller are instantly recognized by the buyer’s and
seller’s financial institutions. These economies are lost, though, without system
interoperability and governance standards to ensure both interoperability and
data integrity.

Digital public infrastructure is one way to facilitate data sharing and
interoperability.® Government investments in digital identity systems,
interoperable registries, and secure data-sharing frameworks yield benefits across
government (in, for example, taxation, social protection, health, and disaster
response; see Chapter 7) at very low marginal cost. Digital public infrastructure
can also significantly reduce transaction costs in the private sector, particularly
those related to identity authentication and interoperable payment systems.

Argentina, Chile, Colombia, Panama, and Peru have centralized digital iden-
tity systems that not only reduce the costs of government transactions but are
expected to be used by banks, fintechs, and telecommunications companies to
authenticate customers. Chile has a common authentication layer for the public
sector that enables interoperability across agencies and lowers the cost of deliv-
ering digital services (see Box 4.1). Argentina’s digital identity infrastructure is
widely used in fintech and banking.

Investing in Interoperability: Chile’s ClaveUnica

Government investments in data and infrastructure do little to improve service deliv-
ery if users cannot easily access the system. Access, however, requires secure digital
authentication, which, inturn, demands substantial upfrontinvestmentin cybersecurity,
legal validation, identity verification, and fraud prevention. Unfortunately, individual
agencies receive only a fraction of the benefits of these large investments. Hence,
they invest too little and neglect to coordinate standards with other agencies, leading
to underdeveloped and fragmented digital services.

ClaveUnica centralizes the fixed investments and spreads their benefits across the
entire public sector with a single digital identity and authentication system designed
to provide a single, secure credential for accessing public digital services. Agencies
focus on service delivery rather than identity management, and users interact with
the state through a single, standardized authentication process. In the next phase of
development, ClaveUnica will be expanded for use in private sector authentication.

Digital public infrastructure refers to shared digital systems that provide foundational ser-
vices across the public and private sectors, such as identity verification, digital payments,
and secure data exchange.
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Lack of interoperability reduces the gains from digitalization in the private
sector, as well, most notoriously in the case of payment systems. Ideally, the
payments infrastructure of a country allows the instantaneous, low-cost settle-
ment of claims and does so “universally,” among banks, fintechs, payment institu-
tions, merchants, and consumers. This demands interoperability so that any user,
at any institution, using any payment instrument, can transact with any other
through shared, standardized payment rails. Such infrastructure is difficult for
the private sector to establish. Individually, for example, large banks are averse
to interoperability because they can earn higher profits from proprietary, closed-
loop payment systems.

Governments can address this market failure either by coordinating with
banks to make their systems interoperable or by setting up a single payment
system that banks are required to adopt.

Obstacles to Public and Private Sector Diffusion

Even if the foundations of effective digital adoption are in place, coordination and
other market failures still inhibit the diffusion of digital technologies. Evidence
reviewed in Chapter 3, for example, suggests that lack of connectivity cannot
explain why governments and firms in Latin America and the Caribbean have
made less progress in effective digital adoption than their counterparts in OECD
countries outside the region. Other obstacles to diffusion loom larger. In addi-
tion to low levels of competition, resulting in part from regulatory policies, and to
inadequate human capital, they include the focus of this section: market failures
around information and coordination.

Because of the inherent uncertainty of general-purpose technologies, an
important obstacle to their adoption is imperfect information. Organizations that
are uninformed about the benefits of digital adoption and how to maximize them
cannot assess the long-term payoffs of technological investments. Manufacturing
firms, for example, especially if they are small or medium sized, perceive digital
integration as complex, costly, and risky (Marzi et al. 2023). Firms hesitate to
adopt digital technologies because they cannot assess their quality or the
credibility of their vendors (Cirera, Comin, and Cruz 2022). Public sector agencies
also struggle to estimate the benefits for households and firms of such complex
reforms as digital transformation. This weakens their incentives to accelerate
reforms.

Imperfect information plagues not only the organizations that could benefit
from digital technologies but the investors and lenders who might finance
their acquisition. Effective digital adoption requires substantial financing
(Gorodnichenko and Schnitzer 2013). But transformational investments
are often in intangible assets, such as new business processes, custom
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software development, and specialized training. These are not suitable for
use as collateral, and, in any case, credit institutions in Latin America and the
Caribbean are often unable to appraise them (Cirera, Comin, and Cruz 2022;
see also Chapter 12).

Uncertainty also deters adoption by customers. In a randomized informa-
tional campaign in Ghana targeting 15,000 microfinance clients, voice messages
explaining the benefits and use of mobile banking increased the probability
of using the service by 6 percentage points relative to a control group, from a
baseline adoption rate of only 2.4 percent (Riley and Shonchoy 2025).

The experience of peers is an important source of information for organiza-
tions. Baumann et al. (2026) find that firms expect to invest 0.6 percentage points
more in Al when they believe similar firms in their country will raise their invest-
ment in this technology by 1 percentage point. Unfortunately, organizations gain
by waiting and learning from others; those who move first do not benefit from the
valuable information their experience provides to the rest.

As the earlier discussion of digital public infrastructure makes clear, coordi-
nation failures also discourage adoption. Data sharing and interoperability require
not only physical infrastructure to overcome coordination failure but the resolu-
tion of an institutional issue: the standards that govern data collection, storage,
sharing, and access. Single-window systems in the public sector, for example,
spare firms and individuals the burden of submitting their information to multiple
agencies for independent verification and processing. They reduce errors and
costs for both users and agencies. But single-window systems cannot exist
unless agencies agree on the data they require and the format for the data, on
the rules for sharing the data, and on the interoperability of agency systems.

Even within sectors, coordination failures are an obstacle to service delivery.
Although more than 80 percent of criminal cases in Brazil are digitally processed
(CNJ 2025), the digital systems of the different agencies involved—prosecutors,
police, courts, prison administration, and financial intelligence units—are gen-
erally not linked. Hence, it is difficult to track cases as they move through the
investigative, procedural, and sentence execution phases of the criminal justice
system. Where Brazil has integrated digital systems in the criminal justice system
(as recommended in Chapter 9), case backlogs and processing times in criminal
and enforcement courts have dropped significantly (Kopittke and Ramos 2021;
CNJ 2025).

Private sector firms face analogous challenges. The productivity gains asso-
ciated with a firm’s adoption of digital systems often rise when its suppliers and
buyers adopt compatible systems (Forman and McElheran 2024). No single firm,
though, has a strong incentive to coordinate the adoption decisions of the rest.
Unfortunately, collective action mechanisms such as business associations or
industry consortia remain weak in the region, limiting coordination and reinforcing

97



98

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

asymmetries of power and knowledge across and within supply chains (Cirera,
Comin, and Cruz 2022; Delera et al. 2022).

The creation of an ecosystem that provides digital solutions tailored to local
needs is a related coordination challenge analyzed in detail in Chapter 12. The
lack of such an environment impedes diffusion because suppliers of localized
digital solutions do not emerge until customers demand their services, but cus-
tomers do not search for services until they exist. While foreign ecosystems may
appear to be a convenient solution for this chicken-and-egg problem, firms and
households in Latin America and the Caribbean may be less comfortable with the
complex software solutions that developers in wealthy countries design for their
home markets.

Conclusion

Turning digitalization and artificial intelligence into sustained productivity gains
requires coordinated progress on several fronts. Latin America and the Caribbean
needs institutions that promote investments, encourage competition, and manage
digital risks; foundational, digital, and managerial skills that enable workers and
organizations to adapt; and reliable infrastructure and data that can be securely
shared and reused. These enabling conditions are complementary; weaknesses
in one reduce the returns to investments in the others. Even where they are in
place, information and coordination failures can delay adoption and prevent firms
and public agencies from realizing its full benefits. The policy challenge is, there-
fore, to strengthen these enabling conditions while addressing specific barriers
to diffusion and enabling the organizational changes through which technology
raises productivity. The sectoral chapters that follow examine how this agenda
can translate into better public services and more productive firms.



Improving Student Learning:
The Role of Learning Platforms
and Al

Education systems in Latin America and the Caribbean face a severe learning
crisis. Although students are spending more years in school, many are still
acquiring too few skills, reflecting weaknesses in instructional quality and
effectiveness. Deep socioeconomic inequalities compound these challenges,
leaving disadvantaged students far behind and limiting the region’s prospects
for inclusive growth and social mobility.

Digitalization and artificial intelligence (Al) can help address some of the
factors that undermine learning. This chapter first reviews recent experimental
evidence on digital learning platforms, showing how their effectiveness depends
on how they are integrated into instruction and drawing lessons regarding their
use at scale. It then examines how advances in Al could strengthen teacher
effectiveness, from attracting and supporting prospective teachers to mentoring
novices and supporting experienced teachers. Finally, the chapter considers the
risks associated with the use of digital technologies in education and discusses
how governments can mitigate them while preserving the potential of digital
technologies to improve learning.

Improving Student Learning: An Urgent Matter

Improving student learning is essential to economic, social, and human develop-
ment in Latin America and the Caribbean. Skills are a foundation of economic
growth and equity. Higher-quality education can promote upward mobility,
reduce poverty, and weaken persistent intergenerational disadvantage (Duncan
and Murnane 2014), while gains in cognitive ability are associated with sizable
increases in earnings (Hanushek and Woessmann 2008). Recent evidence also
suggests educational investments have accounted for 45 percent of global eco-
nomic growth since 1980 (Gethin 2025).

Over the past few decades, the region has made remarkable progress in
expanding access to education, achieving near-universal primary enrollment

99



100

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

and substantial growth at the secondary and tertiary levels. Education spend-
ing has also increased, reaching an average of 4.2 percent of gross domestic
product in 2023, compared with 4.8 percent among Organisation for Economic
Co-operation and Development (OECD) countries (Arias Ortiz, Giambruno, and
Karsaclian 2026). Yet greater access and spending have not consistently trans-
lated into learning.

Figure 5.1 documents the magnitude of the learning crisis. Among the
15-year-old Latin American and Caribbean students assessed by the OECD’s
Programme for International Student Assessment (PISA) in 2025, 76 percent did
not reach a minimum math standard, compared with 31 percent in the OECD and
56 percent among emerging market economies with similar levels of economic
development. The difference from these emerging market economies is par-
ticularly revealing. It shows that the region’s poor learning outcomes cannot be

Figure 5.1. Secondary Students Failing to Achieve a Minimum Math Standard
across Countries
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Note: The figure shows the share of 15-year-old students assessed by the 2025 PISA who did not reach
at least performance level 2 (of six levels). Country-group values are unweighted averages across coun-
tries with available data. OECD and emerging market economies exclude Latin American and Caribbean
countries. Emerging market economies follow the International Monetary Fund classification (IMF 2025b,
Table A).
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explained by development levels alone and points instead to weaknesses in the
effectiveness of its education systems.

As Figure 5.2 shows, large socioeconomic disparities compound these
outcomes. On average, 89 percent of low-income students failed to reach the
minimum math standard, compared with 55 percent of high-income students.
Even in stronger-performing countries, such as Chile and Uruguay, the gaps
remain large. Moreover, in the Dominican Republic, El Salvador, Guatemala, and
Paraguay, virtually all low-income students failed to attain the standard. And
high-income students in Latin America and the Caribbean performed worse, on
average, than low-income students in OECD countries.

Taken together, these patterns underscore the urgent need for solutions that
directly address the core constraints to learning in the region. The next sections
examine the main obstacles to improved learning and how technology could help
address them.

Figure 5.2. Learning Gaps by Socioeconomic Status across Countries
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Why Students Learn Little, and How Technology Can Help

A broad set of system-level reforms is essential to improving education quality at
scale, including sustainable financing, stronger teacher recruitment and profes-
sional development, and effective monitoring and quality assurance. But learn-
ing ultimately happens in classrooms, through the interaction among teachers,
content, and students—the instructional core (City et al. 2009). When teachers
struggle to provide instruction effectively, when instructional content is weak or
poorly aligned, or when students are not engaged, learning suffers. Digital tech-
nologies can help strengthen each element of the instructional core.

Barriers to Learning

Three sets of barriers to student learning are particularly important in Latin
America and the Caribbean. First, teachers are the primary in-school deter-
minant of learning (Araujo et al. 2016), yet many in the region lack adequate
content knowledge and pedagogical skills. About half score in the lowest two
proficiency levels on the OECD'’s Survey of Adult Skills (PIAAC), a pattern not
observed among other tertiary-educated workers or in high-performing OECD
systems (Estrada and Lombardi 2023). Even strong teachers work in class-
rooms that are large and heterogeneous, making it difficult to tailor instruc-
tion, diagnose learning deficits, and provide individualized feedback (IDB and
World Bank 2024).

Second, instructional content can itself limit learning. Effective teaching
requires coherent curricula and high-quality materials aligned with clear learning
standards (Reimers and Chung 2016; Bando, Naslund-Hadley, and Gertler 2018).
Yet access to high-quality materials remains uneven across the region, and, in
many classrooms, resources are scarce, outdated, or poorly aligned with cur-
ricula and students’ learning needs (Bruns and Luque 2014; Elacqua et al. 2018).

And, third, students often lack sufficient opportunities—and motivation—to
practice at an appropriate level. Building foundational reading and math skills requires
repeated, structured practice and timely feedback (National Research Council 2000;
Rosenshine 2012), but instructional time is often fragmented. Students within the
same classroom differ widely in their learning levels, and many struggle to remain
engaged. When instruction is poorly matched to what students already know, moti-
vation can decline and learning can stall (Banerjee et al. 2017; World Bank 2018).

How Digital Tools Can Help Overcome the Barriers

Digital technologies can improve teaching, learning, and the content with which
students engage. Figure 5.3 matches the main challenges affecting these three
elements of the instructional core to the digital tools that can help address them.
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Figure 5.3. Learning Challenges and Digital Solutions
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Regarding teachers, virtual training and coaching can strengthen content
knowledge and pedagogical practice, while digital assessments and dash-
boards can provide timely information on which students are struggling and
which skills need to be reinforced (Rodriguez-Segura 2022; Escueta et al. 2020;
Banerjee et al. 2023). Digital lesson-planning tools can also help teachers identify
curriculum-aligned resources, reduce time spent on preparation and grading, and
free up more classroom time for instruction (Arias Ortiz et al. 2025).

Regarding content, digital tools can expand access to high-quality,
curriculum-aligned materials at relatively low marginal cost. Digital textbooks,
resource repositories, and curriculum-aligned libraries can make materials more
widely available, while interactive exercises can provide structured practice and
reinforce conceptual understanding. Unlike printed materials, digital content can
also be updated continuously, and Al can recommend resources or adjust content
to students’ needs (Cho and Permzadian 2024).

Regarding students, digital technologies can expand opportunities for prac-
tice and feedback beyond whole-class instruction. Adaptive systems can adjust
the sequence and difficulty of exercises to students’ learning levels, while auto-
matic feedback allows students to identify errors and try again in real time.
Gamified features, such as points, badges, and progress indicators, can also help
sustain engagement and motivation (Araya et al. 2019).
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Among these technologies, learning platforms stand out because they can
strengthen all three elements of the instructional core simultaneously. Platforms
such as Khan Academy or Duolingo for Schools combine tools for teachers—such
as assessments and dashboards, high-quality curriculum-aligned content, and
structured student practice—with automatic feedback. They can help teachers
identify learning deficiencies and target support, make high-quality instructional
materials more readily available, and provide students with more opportunities
to practice and receive individualized feedback. The following analysis examines
how learning platforms can be used.

Using Learning Platforms to Improve Student Learning

A substantial literature provides experimental evidence on the effectiveness
of learning platforms. Table 5.1 summarizes 21 interventions implemented in
developing countries and evaluated using rigorous experimental methods. The
evidence spans seven countries, includes both math and language applications,
and covers grades from early primary through lower secondary school. Across
these interventions, the average effect is 0.13 standard deviations in math
and 0.09 in language.! These gains are sizable relative to other education
interventions; Evans and Yuan (2022) report a median effect of 0.10 standard
deviations across evaluations in low- and middle-income countries, while
McEwan (2015) reports average effects of 0.12 for teacher training, 0.09 for
performance incentives, 0.08 for instructional materials, and 0.06 for school
management and supervision.

At the same time, impacts vary widely, from small negative effects in
some interventions to gains above 0.30 standard deviations in others. This
heterogeneity underscores a central lesson: Learning platforms are not inherently
effective. Their results depend critically on how they are designed, implemented,
and integrated into teaching and learning. This section examines the main
implementation choices that appear to shape their effectiveness.

Should Learning Platforms Replace or Supplement Teacher Instruction?

An important implementation decision is whether learning platforms should
replace part of regular teacher-led instruction or supplement it by adding practice
time. Figure 5.4 shows a clear pattern: Interventions included in the analysis that
replaced teacher instruction cluster around zero, with several negative effects,

T Effect sizes in standard deviations are the conventional metric for the impact of educa-

tional interventions on student achievement.
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while all those that supplemented instruction produced positive effects, often of
substantial magnitude.?

It is difficult to compare the effects of interventions in which learning plat-
forms supplemented teacher instruction with those in which they replaced it
because the underlying studies also differ in context, platform design, assess-
ment, and implementation quality. But evidence from Santiago, Chile, provides
a cleaner comparison. Araya et al. (2025) study students who used the same
platform twice weekly, once replacing a math class and once adding instructional
time, and find a gain of 0.27 standard deviations. By contrast, three interven-
tions evaluated by SUMMA and J-PAL (2023), in which platform use only replaced
teacher-led instruction, produced small negative effects. Because the studies
hold context, software, assessment, and grade constant, they provide stronger
evidence that supplementing teacher instruction produces positive effects, while
replacing it does not.®

Part of this advantage could simply reflect the additional instructional time.
Yet available evidence suggests time alone is not the full explanation. Bichel
et al. (2022) find that supplementary instruction using technology generated
gains 0.09 standard deviations larger than supplementary teacher-led instruc-
tion. Moreover, evaluations of extended school days generally find only small
learning gains (Cerdan-Infantes and Vermeersch 2007; Arzola 2011; Hincapie
2016; Garganta, Pinto, and Zentner 2024). Together, these studies suggest that
the productive use of additional time—rather than the additional time itself—is
what drives the gains in supplementary platform interventions.

Why might replacing teacher instruction yield poor results? Platforms can
displace activities that software is less able to replicate, including the intro-
duction of new concepts, the diagnosis of misconceptions, and the develop-
ment of conceptual understanding. Moreover, implementation can be hindered
by unreliable internet service, faulty devices, or limited digital skills, which are
common in developing country settings. These difficulties can reduce time
spent on learning tasks, also resulting in more muted impacts. These findings

2 The average effect of supplementary platform interventions is 0.16 standard deviations.

Relative to an estimated annual learning gain of about 0.35 standard deviations in grades
3-8 in the United States (Hill et al. 2008), this is equivalent to 46 percent of a year's learn-
ing. Conservatively assigning zero effects to subjects not measured in the evaluations
included in Table 5.1 lowers the estimate to 0.11 standard deviations, or about 31 percent of
a year’s learning.

Linden (2008) found a similar pattern in India in two otherwise identical interventions:
Replacing instruction produced large negative effects, while supplementing it generated
substantial gains. Singh, Navarro-Sola, and Oreopoulos (2025) also highlight that whether
platforms replace or supplement instruction is an important factor in explaining impact
variation across studies.
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Figure 5.4. Learning Platform Effects: Replacing versus Supplementing
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Source: DB staff calculations, based on sources listed in Table 5.1.

Note: Each point represents an evaluated intervention. Interventions are grouped according to whether
the learning platform replaced regular teacher-led instruction or supplemented it. When a platform both
replaced and supplemented instruction, it is categorized as supplementing. Effects are intention-to-treat
(ITT) estimates in standard deviations.

may not apply, however, in settings where the quality of teacher-led instruction
is especially low.

For policymakers, the implication is straightforward: Learning platforms
should generally be used to add structured practice rather than displace teacher-
led instruction. This can be done by adding in-school practice periods, after-
school sessions, or structured homework. The approach is particularly relevant
for countries extending the school day, where learning platforms offer one
evidence-based way to use additional instructional time productively.

Which Subject Should Be Targeted: Math or Language?

A second implementation decision concerns which subject to prioritize when
introducing learning platforms. Among interventions that targeted both math
and language with similar amounts of instructional time, learning gains were
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larger on average in math. As shown in Figure 5.5, average effects were
0.17 standard deviations in math compared with 0.11 in language—about
50 percent larger.*

The evidence base is also substantially stronger for math. Of the interven-
tions in Table 5.1, 14 targeted math only, compared with just 2 targeting language
only, while 5 targeted both subjects. Taken together, the evidence suggests that,
from grade 3 onward, learning platforms generate larger and more consistently
documented gains in math. For education systems facing capacity or budget

Figure 5.5. Effects of Learning Platforms Targeting Both Math and Language

0.4
0.37
0.3
o 0.23 0.22
S 0.20
= 0.2
2 0.17
(]
©
ke
= 0.1
@ 0.10 0.10
% 0.1+ 0.09
& 0.05 0.06
0.0 I -
-0.02
se¢  Bg  SE I g 5
-014 ®°% c9 © = 5= S e
c c = o N s N N~ N [
52 £ £& £ o
S E 25 = £= ©
= 5 g & & T
© s

Math effects M Language effects

Source: IDB staff calculations, based on the sources cited in the figure.

Note: Each pair of bars reports the math and language effects for an intervention that targeted both out-
comes. The final pair reports the average effects across these interventions. Effects are intention-to-treat
(ITT) estimates in standard deviations. The two interventions reported in Bettinger et al. (2022) are indi-
cated by T1 and T2. More details are in the note to Table 5.1.

4 One exception is the study by Levesque, Bardack, and Chigeda (2020), which found sub-
stantially larger effects for a language than a math intervention among second-grade stu-
dents. This suggests the relative effectiveness of math platforms may differ in the earliest
grades, when students are still developing foundational literacy skills.
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constraints, math may, therefore, be a natural starting point for implementation,
particularly in upper primary and secondary grades.

Should Platforms Focus on Earlier or Later Grades?

A third implementation decision concerns which grades to prioritize when intro-
ducing learning platforms. Figure 5.6 summarizes evidence from studies that
compare effects across grades under similar implementation conditions. On aver-
age, learning gains are very similar: 0.12 standard deviations in lower grades and
0.11in higher grades.’

The evidence, therefore, does not point to a clear advantage for earlier or later
grades. The reviewed studies also generally find similar effects for students with
lower and higher baseline achievement, although Lai et al. (2012) report larger
gains for lower-performing students. Hence, governments can choose which
grades and student groups to prioritize based on broader policy objectives, such
as strengthening foundational skills or addressing accumulated learning deficits.

Figure 5.6. Learning Platform Effects across Grades
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Source: IDB staff calculations, based on the sources indicated in the figure.

Note: Each pair of bars represents a study reporting effects for lower and higher grades under the same
implementation conditions. Muralidharan and Singh (2025) compare students in average grades 3 and 7; Lai
et al. (2013) and Mo et al. (2014) compare grades 3 and 5; and Ferman, Finamor, and Lima (2019) compare
grades 5 and 9. Effects are intention-to-treat (ITT) estimates in standard deviations.

° Because annual learning gains measured in standard deviations tend to decline as students

progress through school, similar platform effect sizes may be equivalent to a larger per-
centage of annual learning in higher grades.
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Most existing evaluations, however, focus on grades 3 to 6, so the evidence is
less established for other grade levels.

Two Additional Decisions with Limited Evidence: Personalization and
Weekly Dosage

A fourth implementation decision concerns whether platforms should personal-
ize content to each student’s learning level. Evidence is still limited. In India, De
Barros and Ganimian (2024) compare students who received content personal-
ized to their learning level with students who used the same platform but with
nonpersonalized instruction (that is, targeted according to their grade level).
After nine months, average learning was similar across groups, although lower-
performing students did benefit from personalization. Whether newer Al-enabled
systems can generate larger gains from personalization remains an open question.

A fifth decision concerns how much time students should spend using learn-
ing platforms each week. Greater use is associated with larger learning gains
(Eames et al. 2026), suggesting educators who implement a platform should
ensure sufficient practice time and monitor whether the students are using it.
Experimental evidence on optimal dosage is scarce, however. Bettinger et al.
(2022) find doubling weekly use from 45 to 90 minutes produced similar effects
in math and slightly smaller effects in language. For policymakers, the priority
is, therefore, to ensure sustained use while continuing to test how much prac-
tice time is needed to maximize learning. Learning platforms facilitate this task
because they automatically generate data on student use, allowing schools to
monitor engagement at very low additional cost and identify students who are
not practicing enough.

Transformed Learning through Al

The evidence reviewed above provides clear guidance on how learning platforms
can be integrated into instruction to improve student learning. Yet technology
aimed directly at students addresses only part of the challenge. Teachers remain
the primary in-school determinant of learning, making their effectiveness central
to improving education outcomes, particularly as the teaching profession expe-
riences shortages, low prestige, and high early-career attrition (Elacqua et al.
2018). Al could help strengthen the profession throughout the career cycle, from
attracting candidates to supporting novice teachers during induction to assisting
teachers throughout their careers, including in their own use of Al.

Education research has identified several effective interventions along this
pathway. High-quality career mentoring can encourage high school students to
pursue teaching (Ajzenman, Elacqua, et al. 2026), while induction and mentoring
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programs can improve teacher well-being and reduce attrition (Keese et al. 2023).
Instructional coaching is also among the most effective strategies for improv-
ing teaching quality and student learning (Kraft, Blazar, and Hogan 2018). These
interventions, however, are human-intensive; they depend on skilled profession-
als who must themselves be recruited, trained, and supervised. This creates the
risk of the “voltage drop” described by List (2022), whereby interventions lose
effectiveness as they are scaled up. Indeed, instructional coaching programs
serving more than 100 teachers have been shown to be about half as effective as
smaller programs (Kraft, Blazar, and Hogan 2018).

Recent advances in Al—particularly large language models that can interpret
and produce natural language—could help relax these constraints. By enabling
teachers and students to interact with software through text or speech, Al can
replicate or augment some forms of support traditionally provided by human spe-
cialists, potentially at much lower cost (Al-Ubaydli et al. 2017; Labadze, Grigolia,
and Machaidze 2023). Rigorous evidence remains limited, however, and is con-
centrated primarily in high-income countries (Arias Ortiz et al. 2025). In Latin
America and the Caribbean, the Inter-American Development Bank is helping
build this evidence through pilots and large-scale experimental evaluations test-
ing Al applications at different stages of teachers’ careers.

At the recruitment stage, an experimental evaluation in Chile tested whether
a generative Al chatbot called “Kai” could provide personalized career mentor-
ing to high school students and encourage them to become teachers. Earlier
work had found that a scripted chatbot expanded the program’s reach at low
cost but was less effective than human counselors (Ajzenman, Elacqua, et al.
2026). In a recent nationwide experiment, however, Kai increased the probabil-
ity that students ranked an education major first by 1.4 percentage points, or
14 percent, while trained human counselors produced no statistically significant
effect (Ajzenman, Del Toro Mijares, et al. 2026). More students responded to Kai
than to human counselors (35 versus 28 percent), and its conversations were
faster and more semantically coherent. Human counselors, by contrast, scored
substantially higher on empathy and motivation. The results suggest that Al can
help ease the implementer-quality constraint that limits conversation-based
interventions at scale, while human and Al support may serve complementary
functions.

Attheinduction stage, evidence comes from Chile’s Profe Gabi, an Al-powered
WhatsApp mentoring tool for novice teachers (Elacqua et al. 2025). In an eight-
week pilot, the chatbot reached 550 teachers, 85 percent of whom reported
being satisfied or very satisfied. Teachers mainly sought help with pedagogical
practice, socioemotional well-being, and career guidance, with especially high
demand for lesson planning, student assessment, and classroom management.
Yet engagement fell sharply, from 79 percent of teachers in week 1 to 9 percent
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in week 8. As with learning platforms, access alone is unlikely to ensure sus-
tained use; dedicated time, monitoring, and follow-up may be needed. Profe Gabi
is now being evaluated within Chile’s official induction program through a large-
scale experimental evaluation that expanded in 2026 to more than 7,000 novice
teachers.

Al can also augment the work of professionals who mentor and support
teachers. In Peru, an experimental evaluation involving 6,000 novice teachers
and 365 mentors integrated Al into the Ministry of Education’s mentoring plat-
form while keeping human mentors at the center of the program. The Al assistant
answers questions about course content, supports feedback on written assign-
ments, and generates personalized practice, with promising preliminary findings
(Del Toro Mijares et al., forthcoming). In Guatemala, the Ixmunané chatbot helps
teachers identify students at risk of not advancing from primary to middle school
and suggests personalized strategies for intervention (Del Toro Mijares et al.,
forthcoming). Additional studies are underway in Colombia and the Dominican
Republic.

A final priority concerns teachers’ own use of Al. Teachers across Latin
America and the Caribbean are rapidly adopting these tools for planning lessons,
preparing materials, and designing assessments. In Peru, more than three out of
four first-year teachers report using Al in their work, with similar adoption rates
in urban and rural areas (Del Toro Mijares et al., forthcoming). But rapid adoption
does not guarantee effective use. Education ministries can provide training, prac-
tical guidance, and clear standards to ensure Al reduces time spent on routine
tasks and improves instruction while teachers remain responsible for how the
content it generates is used.

The emerging lesson is that Al's most promising near-term contribution
may run through teachers, by strengthening recruitment and induction, provid-
ing ongoing support, and facilitating their own use of Al. High-quality evidence
across a range of settings is still needed, but the rapid pace of technological
change means education systems will need to experiment, evaluate, and adapt
while building on the lessons already emerging.

A broader opportunity would be to combine these advances with a deeper
redesign of how schools organize teaching and learning. As Chapter 1 empha-
sizes, realizing the full productivity potential of digital technologies requires
reorganizing processes around their capabilities. Yet relatively few efforts in
education have pursued this approach. Instead, many have followed a “plug and
play” strategy, introducing technology into specific activities while leaving the
surrounding instructional processes largely unchanged—a strategy that can limit
the potential learning gains. An integrated approach would connect regular stu-
dent practice on learning platforms with assessment, lesson planning, class-
room instruction, and teacher support. Data generated by student practice on

113



114

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

a platform, for example, could guide Al-assisted recommendations on which
topics teachers should revisit, which materials to use, and which students need
extra help. Designing and rigorously evaluating such models is an important next
step toward determining whether a deep redesign of educational processes can
deliver large learning gains.

Managing the Risks of Digital Technologies in Education

Digital technologies can improve education, but more technology is not always
better. The learning platforms and Al applications discussed above are designed
to support specific educational activities, such as structured student practice
and teacher mentoring. By contrast, unstructured access to smartphones, social
media, and other digital technologies, including Al, can harm learning and well-
being by competing for students’ attention, displacing studying, sleep, and face-
to-face interaction, and exposing them to harmful social comparisons (Haidt
2024).

A growing body of evidence documents these risks. In Italy, the expansion
of broadband access has increased the prevalence of mental disorders among
those exposed before age 20 (Donati et al. 2025). In Spain, broadband expansion
increased diagnoses of mental health problems and suicide rates, particularly
among girls, while reducing time spent sleeping, doing homework, and interact-
ing with family and friends (Arenas-Arroyo, Fernandez-Kranz, and Nollenberger
2025). Evidence on social media points in the same direction. The staggered
expansion of Facebook across U.S. colleges worsened student mental health,
with unfavorable social comparisons appearing to be an important mechanism
(Braghieri, Levy, and Makarin 2022). Experimental evidence further shows that
temporarily deactivating Facebook and Instagram improved adults’ emotional
well-being (Allcott et al. 2025).

An increasingly important question is whether restricting smartphone use
in schools can reduce these harms. Emerging evidence suggests such poli-
cies often improve education outcomes. Studies find positive effects of school
smartphone bans on academic achievement in Brazil, England, Norway, and the
United States (Beland and Murphy 2016; Figlio and Ozek 2025; Abrahamsson
2026; Lichand et al. 2026). Other studies, however, find no effects on aca-
demic achievement in Sweden or the United States (Kessel et al. 2020; Allcott
et al. 2026). The more limited evidence on student well-being points to benefits
from school smartphone bans. In Norway, the use of psychological care services
declined among girls, while in the United States, initially negative effects on well-
being turned positive in the second year of implementation (Abrahamsson 2026;
Allcott et al. 2026). Taken together, these emerging studies show school restric-
tions can improve outcomes, although effects are not universal.
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As concerns have grown, governments have increasingly acted to impose
limits on smartphone use in schools. By March 2026, national bans or restrictions
were in place in 58 percent of countries worldwide and 57 percent of countries
in Latin America and the Caribbean (UNESCO 2026). Australia has gone further
by requiring age-restricted social media platforms to take reasonable steps to
prevent children under 16 from holding accounts, although difficulties with age
verification have complicated enforcement.

Generative Al introduces an important tradeoff. The same tools that can
provide personalized explanations and feedback can allow students to forgo the
cognitive effort required for learning, particularly when used for unsupervised
schoolwork. This risk depends on how Al is designed and used. Tools that guide
students through the reasoning process, provide hints, or ask students to explain
their thinking may support learning, while those that simply produce answers may
undermine it. Recent large-scale evidence from China suggests that rapid adop-
tion of Al for homework among secondary students can significantly reduce how
much they learn (Strémberg, Lei, and Wu 2026). Generative Al also complicates
assessment because submitted work may no longer reliably reveal what students
know and can do independently.®

Important uncertainties remain about how governments, schools, parents,
and students should respond to these risks. Governments can set rules for smart-
phone and Al use in schools, regulate technology providers, teach students how
to use digital technologies responsibly, and provide parents with practical guid-
ance. Because these technologies are spreading faster than the evidence base
is developing, policy cannot wait for definitive answers. Governments should act
on the best available evidence while continuing to evaluate emerging risks and
policy responses.

Policy Recommendations

Digital technologies can help education systems improve learning and expand
access to high-quality educational support, but realizing these gains requires
deploying them deliberately rather than simply expanding their use. Education
ministries should prioritize three actions.

Deploy learning platforms to supplement teacher-led instruction. Education
ministries should integrate learning platforms—prioritizing math from grade 3

5 A separate emerging concern involves Al companions—conversational agents designed
to simulate personal relationships. Among Australian children ages 10 to 17, 8 percent
reported having used one in 2026. These tools may foster psychological dependence,
displace human interaction, and expose children to inappropriate or misleading content
(eSafety Commissioner 2026; Sun, Wang, and McDaniel 2026).
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onward—into structured time blocks that add practice time rather than replace
teachers’ instruction. This requires dedicating time in the weekly schedule
through targeted in-school practice slots, afterschool sessions, or structured
homework that students can complete on smartphones. Teachers should receive
the training, ongoing support, and real-time usage and performance dashboards
they need to promote sustained use and monitor student progress. Ministries
should ensure access to intuitive, reliable, curriculum-aligned platforms that pro-
vide students with immediate, actionable feedback and engage school principals
to sustain schoolwide use. Used in this way, learning platforms can generate sub-
stantial improvements in foundational skills.

Explore Al to strengthen teachers’ effectiveness at every stage in their
careers. Building on emerging evidence from the region, education ministries
should experiment with Al applications that support teachers at each stage of
their careers, evaluating the results as they scale up use. Al-enabled tools can
provide career guidance and mentoring to prospective teachers where experi-
enced mentors are scarce, support novices during induction, and expand access
to coaching and professional support, augmenting rather than replacing the pro-
fessionals who provide it. At the same time, ministries should provide practical
guidance on when teachers should use Al and how to use it effectively, including
how to evaluate Al-generated educational materials and adapt them to students’
needs while preserving their own essential role in instructional decisions.

Manage digital risks to protect student well-being. Education ministries
should ban nonpedagogical smartphone use throughout the school day, with
exceptions limited to instructional, accessibility, and medical purposes. They
should also incorporate age-appropriate instruction on responsible use of smart-
phones, social media, and Al into the curriculum, making clear to students that
the instruction is intended to protect their learning and well-being. Students
should be taught to use generative Al effectively, emphasizing that developing
skills requires sustained cognitive effort. Finally, ministries should provide par-
ents with practical guidance on delaying smartphone ownership, setting limits on
digital use, and guiding children’s use of generative Al.



Connected Health, Controlled
Diseases

Digital technologies could transform how health systems in Latin America and
the Caribbean deal with noncommunicable diseases (NCDs), the region’s most
pressing and complex health challenge. Evidence suggests that, when integrated
into redesigned care models, digital health technologies can help primary care
systems respond more effectively (Bernal et al. 2022; Da Silva et al. 2024;
Schwalm et al. 2025). Globally, this could save an estimated 2.1 million lives,
avert 7.4 million hospitalizations, and generate about US$200 billion in economic
benefits over the next decade (WHO 2024).

NCDs, including hypertension, diabetes, and cardiovascular disease, account
for more than three-quarters of the region’s disease burden and four out of five
preventable deaths (Institute for Health Metrics and Evaluation 2025). They
also impose substantial costs on households, health systems, and economies.
Ineffective prevention and control may cost South American countries up to
4 percent of gross domestic product annually (PAHO 2025).

Hypertension illustrates the challenge. If untreated, it increases the risk
of heart attacks, strokes, and other health problems, but early detection,
medication, and lifestyle changes can substantially reduce these risks.
As Figure 6.1 shows, many people with hypertension remain undiagnosed, and
too few take medication or follow recommendations on physical activity and
healthy diets. Only about one-quarter have their blood pressure under control.

This pattern extends to other cardiometabolic diseases, such as diabetes.
Because these conditions are lifelong, inadequate management can lead to dis-
ease progression and more complex care needs, costly specialized services,
and avoidable hospitalizations. In Latin America and the Caribbean, NCDs cause

! Cardiometabolic diseases are a cluster of interconnected, often preventable health condi-

tions, including obesity, type 2 diabetes, high blood pressure, and dyslipidemia, that sig-
nificantly increase the risk of cardiovascular events, such as heart attacks and strokes.
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Figure 6.1. Hypertension Care for Latin American and Caribbean People
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Note: Reported values are unweighted averages across countries with available data. Within each country,
estimates use sampling weights for national representativeness. The sample includes adults ages 30-79.
The prevalence of hypertension is defined as the proportion of people who have systolic blood pressure
140 mm Hg or greater or diastolic blood pressure 90 mm Hg or greater or are taking medication for hyper-
tension. Estimates of hypertension prevalence, awareness, treatment, and control are based on data from
PAHO and cover 26 Latin American and Caribbean countries. The indicator on adherence to physical activity
and healthy diet recommendations among people with hypertension was derived from Bernal et al. (2026),
using the World Health Organization’s STEPwise approach to NCD risk factor surveillance (STEPS), and cov-
ers Argentina, Bolivia, Ecuador, Guyana, and Uruguay.

about 8.8 percent of hospitalizations (Bernal et al. 2025), most of which could be
prevented with earlier treatment.

The statistics provided in Figure 6.1 reflect three structural mismatches
between how health systems in the region were designed and what NCD
care requires. First, most health systems are reactive rather than proactive.
They treat people when they seek care instead of preventing, detecting, and
managing disease across the population. As a result, care often begins only
after the disease has progressed or complications emerge. About half of dia-
betes and hypertension cases are not diagnosed until complications appear
(Arredondo 2014).

Second, care is episodic rather than continuous. People with NCDs need
lifelong care from multidisciplinary teams but often rely heavily on specialists,
limiting others’ access to specialist care and helping to make the care of
individual patients more fragmented. In Mexico, seven out of ten patients whose
hypertension was initially controlled no longer had it under control seven years
later (Mauer et al. 2022).



CONNECTED HEALTH, CONTROLLED DISEASES

And, third, health systems offer only limited support outside health facilities.
Physicians may recommend physical activity or weight loss but often provide nei-
ther a plan nor ongoing support. Patients must manage their conditions without
access to their health data or tools to support medication adherence. As a result,
only 2 percent of hypertension patients in the region follow lifestyle recommen-
dations (Bernal et al. 2026).

To serve people with NCDs better, countries in Latin America and the
Caribbean must transform primary care and shift toward population-based con-
trol models (Ordunez et al. 2024). This chapter examines how a digital health
ecosystem integrated into redesigned NCD care can help health systems manage
populations proactively, enable health workers to provide care more effectively,
and help people with chronic conditions live longer, healthier lives.

Digital Health as a Strategic Enabler of NCD Care

Harnessing the full potential of digital technology to meet the needs of patients
with NCDs requires more than layering tools onto existing systems; it demands a
fundamental redesign of the model of care. Digital tools are most useful when they
are part of an integrated ecosystem that optimizes workflows to support a shift
away from episodic, reactive, facility-centered care toward proactive, risk-based,
continuous care centered on people’s long-term needs (Figure 6.2). Realizing these
gains requires organizational redesign, with digital tools first organizing information
and Al building on that foundation to improve decisions and system management.

Care must be organized to identify patients early, stratify them by risk, link
them to the right pathways of care, and provide ongoing follow-up rather than
isolated encounters. Digital tools enable a “phygital” model that combines in-
person and digital services, supports team-based care, and keeps the focus on
population outcomes, continuity, and timely action.

Within this ecosystem, different digital interventions serve different actors.
Population health intelligence combines data repositories, analytics, and tools to
give managers and care teams the data they need to provide care proactively and
address health system deficiencies. Electronic health record systems provide
health workers with a platform for longitudinal tracking, clinical decision sup-
port, care coordination, and digitally enabled screening and diagnostics. Other
tools, such as telemedicine, self-management apps, patient portals, and digital
scheduling and reminders, transform patients from passive recipients into active
participants in managing their own health.

As discussed in Chapter 1, achieving systemwide change and realizing the
benefits of digital transformation at scale requires enabling factors across certain
fundamentals, including institutions, governance, skills, and infrastructure. In the
health sector, and specifically for the prevention and management of NCDs, this
means having the following elements in place:
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Figure 6.2. Digital Ecosystem for Redesigned NCD Care
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e Connectivity, including reliable internet access and devices, so both pro-
viders and patients can use digital services

e Unique identifiers for people and providers, which allow services and
outcomes to be tracked over time and across settings

e Interoperability and data exchange, which allow information to follow
patients across providers and levels of care, to ensure continuity

e Digital payment systems, which can support provider payments, reim-
bursement, and financial support for people in need

These are the enabling conditions that allow digital solutions to work as part
of a coherent digital ecosystem. Where they are weak, even effective interven-
tions will remain isolated and will generate modest gains.

This section reviews the components of the digital ecosystem for NCD care
and the evidence for how digital tools can support a redesigned model of care.
While most evidence covers individual interventions, the largest benefits come
from their integration into a coherent ecosystem.

Patient Needs for NCD Care

People living with NCDs require continuous, reliable, and person-centered sup-
port that goes beyond facility-based episodic care and evolves as the disease
progresses.

The starting point is diagnosis. NCDs, which affect mostly working-age
adults, are often silent in their early stages, and timely access to preven-
tive and diagnostic services is essential. People diagnosed with chronic
diseases who do not have major complications can often control their con-
ditions with medication and/or lifestyle changes. An integrated approach
should include regular consultations with health workers and data to moni-
tor patients’ health status; education and support for adherence to the treat-
ment plan; diagnosis of possible complications; and adaptations of treatment.
Patients also need tools to manage their own health and adhere to treatment.
At advanced disease stages, they require more frequent contacts, support
from health workers and specialists, and close monitoring to stave off further
complications.

Digital interventions can enable models of care that extend beyond physical
health facilities. Telemedicine can allow patients (especially in remote or under-
served areas) to receive timely clinical advice and follow-up without the costs
and disruptions of in-person visits. Virtual consultations and digital communica-
tion tools, such as cell phones and text messaging, are particularly useful for
services that do not require an in-person physical examination or diagnostic
testing at a health facility. Studies have established that telemedicine performs

121



122

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

just as well as in-person consultations in managing diabetes, hypertension, and
high cholesterol (Alfarwan et al. 2024; Mabeza, Maynard, and Tarn 2022). In
some cases, it provides better health outcomes, reducing blood pressure in
people with hypertension (Ma et al. 2022) and improving blood glucose in peo-
ple with diabetes (Eberle and Stichling 2021). Efficacy has been demonstrated in
low- and middle-income countries (Hoffer-Hawlik et al. 2021) and in modalities
led by nurses, which can make the technologies more cost effective (Kappes
etal. 2023).

Some modalities of telemedicine combine remote care with devices
patients can use to monitor their health, an approach called telecare. Diabetic
patients can measure their glucose levels at home with glucose meters and
upload the data to a centralized platform for their care teams. Evidence from
a meta-analysis found this type of digital intervention is associated with clini-
cally significant improvement in the blood glucose of diabetic patients (Kerr
et al. 2024).

Telecare can also help bridge the transition from hospital to home by allowing
patients to transmit health data to providers and receive medication reminders,
educational materials, and clinician feedback. Remote monitoring and telemedi-
cine can reduce hospitalizations and urgent care needs, particularly among heart
failure patients, and are associated with fewer cardiovascular-related hospitaliza-
tions and lower mortality (Kuan et al. 2022).

Digital tools can also help patients manage cardiometabolic disease.
Interventions typically use apps, text messages, and phone calls for educa-
tion and reminders and to enable patients to record and upload health data.
Health care providers can review this information and offer personalized
feedback.

Research shows these digital tools can improve blood glucose in patients
with diabetes (De Souza Ferreira et al. 2023). They can also help patients manage
blood pressure (Liu et al. 2023) and adhere to medication regimens (Mikulski et al.
2022) and self-care activities, such as healthy eating and exercise (Aminuddin
etal. 2021).

In addition, individuals can manage their health care needs using web- or
app-based patient portals. These technologies allow them to view personal
health information, test results, and care plans; request refills; communicate
securely with providers; schedule appointments; and gain access to edu-
cational materials. Although the evidence is mostly observational, reviews
suggest portal use among people with chronic conditions is associated with
better health care utilization, treatment adherence, and self-management
(Brands et al. 2022), as well as greater patient engagement, particularly when
the portal also provides access to electronic health records (Alomar et al.
2024).
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Finally, digital scheduling and appointment reminders offer a low-cost way
to improve follow-through with care, reduce missed appointments, and improve
the take-up of screening services. Text reminders have improved the take-up
of screening services for diabetes, hypertension, and cervical cancer (Marcus
et al. 2024; Gallegos et al. 2023) and increased visit attendance for people with
hypertension, particularly among patients who were overdue for care (Jubayer
et al. 2024). In Argentina and Chile, automated reminders for chronic care
patients enabled timely cancellations and rescheduling, allowing clinics to serve
more patients (Boone et al. 2022; Esteban et al. 2026).

Together, these digital tools, telemedicine, self-care apps, patient portals,
and automated appointment systems complement face-to-face services and
support more flexible, proactive, and person-centered care pathways.

Health Workers’ Needs for Providing NCD Care and Management

Caring for people with NCDs places sustained demands on health workers.
Digital tools can help reduce administrative burdens, support better clinical
decisions, and strengthen high-quality, person-centered care by providing
access to comprehensive medical records and augmenting diagnostic capacity.

Managing NCDs requires sustained, coordinated care across multiple pro-
viders. Paper-based systems make it difficult to track patients over time, often
resulting in fragmented or incomplete information. Because paper records are
confined to facilities, they rarely ensure continuity of care when patients move
across providers or levels of the health system.

Electronic health record (EHR) systems can address many of these issues.
An EHR system comprises the software and supporting infrastructure used by
health facilities to create, store, and share patients’ clinical information electroni-
cally. Beyond digitizing records, these systems shape how care is delivered by
placing and tracking orders, prompting clinicians with guideline-based remind-
ers, exchanging information with other providers, and generating data on patient
populations (IOM 2003; ISO 2005).

Since existing studies often evaluate specific functions rather than the
effects of whole EHR systems, the evidence that follows pertains to three espe-
cially important aspects of these systems for NCD care.

Clinical decision support (CDS) systems are on-screen tools embedded
within EHR systems that help clinicians deliver evidence-based care by prompt-
ing them to follow recommended processes, avoid nonindicated practices, opti-
mize medication ordering, and improve documentation.? CDS systems can help

2 CDS systems can also issue warnings about drug allergies, though attention must be paid

to clinicians’ responses and alert fatigue (Ancker et al. 2017).
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health workers adhere to clinical guidelines (Kwan et al. 2020) and improve the
detection and control of hypertension (Phadke et al. 2025; Lopez et al. 2019).

Computerized provider order entry (CPOE) refers to systems that allow cli-
nicians to enter medical orders directly into an EHR and transfer them to a depart-
ment or unit rather than having to handwrite them or give verbal instructions. These
systems can be integrated with clinical decision support tools that flag potential
errors. CPOE reduces transcription errors, enhances communication among care
teams, and promotes safer and more efficient care (Nuckols et al. 2014).

Health information exchange (HIE) refers to the digital infrastructure that
enables the secure sharing of clinical data across health care organizations. It is
supported by interoperability, the ability of different EHR systems and software
applications to communicate, exchange information, and make use of the data
exchanged. With interoperability, digital health information—such as diagnoses,
medications, test results, and care plans—can follow the patient across facili-
ties and over time. Hence, interoperability enables continuity of care by reducing
duplication, preventing information from getting lost during care transitions, and
enabling health workers to make more informed decisions.

In addition to the capabilities provided by EHR systems, health workers can
expand their diagnostic capacity by using Al-based algorithms to analyze images
or other diagnostic information (Box 6.1). Such tools can, for example, improve
early detection and treatment and make screening more accessible for diabetic
retinopathy, a common complication of diabetes that can lead to vision loss or
blindness. In Mexico, an Al-based algorithm has provided diagnoses based on
retinal images that can be taken in primary care settings (Tejerina, Pérez Cuevas,
and Garcia Castro 2023). In Thailand, a deep-learning system detected diabetic
retinopathy in community-based screening programs, with accuracy comparable
to that of retina specialists (Ruamviboonsuk et al. 2022).

Transforming the Digital Ecosystem for NCDs with GenAl

Most digital tools for self-management, such as apps and traditional chatbots, rely
on predefined rules or algorithms. They can support treatment adherence, lifestyle
changes, and access to information, but their responses are typically standardized
and limited to predetermined pathways.

Generative artificial intelligence (GenAl), by contrast, can generate context-
specific content and interact in conversational language rather than through fixed
menus. This can make communication with chatbots more natural, adaptive, and
responsive to individual needs, improving engagement and retention. GenAl can also
process and generate audio, text, and video in multiple languages.

(continued on next page)
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Transforming the Digital Ecosystem for NCDs with GenAl
(continued)

GenAl tools to support patients are already being deployed and evaluated.
India’s Noora Health combines in-hospital caregiver training with cellphone-based
GenAl tools that deliver real-time, personalized responses to caregiver questions. It
reinforces appropriate care practices following hospital discharge by sending about
10,000 messages a day to patients in eight regional languages (Stanford Center
for Digital Health 2024). Therabot, the first GenAl chatbot to provide mental health
treatment, has been rigorously evaluated and shown to improve mental health (Heinz
et al. 2025). Evidence from Mexico has shown that even short-term engagement
with an Al chatbot providing therapy can improve mental health and reduce job
absenteeism (Angelucci, Fabregas, and Vazquez 2026).

GenAl can also transform how health workers interact with EHR systems by
automating such tasks as medical documentation (Bhuyan et al. 2025). It can
draft and structure clinical notes from conversations for health workers to review.
Commercial applications are already used at scale in clinical settings (Tierney et al.
2025). GenAl-generated responses to patient messages that physicians can revise
have been found to be more empathetic and comprehensive than responses written
from scratch (Garcia et al. 2024; Mandal et al. 2025; Ayers et al. 2023).

Despite its promise, GenAl poses substantial risks. It can “hallucinate,” producing
plausible but baseless information, and be sycophantic, reinforcing users’ views rather
than correcting errors. Its use, therefore, requires evidence-based deployment, strong
governance and ethical safeguards, real-world evaluation, and sustained human
oversight. GenAl should complement, not replace, clinical judgment or health system
reform, and it should be implemented responsibly within redesigned models of care.

Health System Needs for NCD Care and Management

NCDs place sustained demand on health systems for proactive prevention, coor-
dinated care, and long-term follow-up. Population health management offers a
structured way to meet these demands by combining patient registries with risk
stratification, standardized treatment protocols based on risk, team-based care,
and continuous performance monitoring (WHO 2023). This approach is effec-
tive in improving the control of hypertension and diabetes at the population level
(Jaffe et al. 2013; Jaffe and Young 2016) and has been adapted to Latin America
and the Caribbean through HEARTS in the Americas, led by the Pan American
Health Organization (PAHO). The effort is being implemented in about 10,000
primary care facilities across 33 countries, where it is improving hypertension
control (Ordunez et al. 2024).

Digital health tools are essential to making population health management fea-
sible at scale. Registries and dashboards built on data from EHR systems enable
population-level tracking, performance monitoring, and quality improvement, while
clinical decision support facilitates treatment standardization. Telemedicine and
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digital communication channels support follow-up and adherence to treatment
between visits, and apps support patients’ self-management and lifestyle changes.
Experiences from Brazil and Colombia (Box 6.2) show how treatment protocols,
workforce organization, performance management, and digital tools can be aligned
within a coherent population-based model to generate systemwide gains.

Building a Model of NCD Care Enabled by Digital Tools

Two experiences from Latin America and the Caribbean illustrate how digital tools
can be woven together to support a redesigned, “phygital” model of NCD care. One is
taking place within a private insurer network in Colombia, the other in a public primary
care system in Sdo Paulo, Brazil.

In Medellin, Colombia, an integrated care model has reduced avoidable hospital-
izations and complications from diabetes. SURA, a health insurer with its own provider
network, manages approximately 177,000 people with diabetes. It organizes care
around cohort and case management, with individualized care plans, active follow-
up, alerts for missed appointments or clinical deterioration, and targeted interven-
tions for high-risk patients. Population dashboards integrate real-time indicators and
predictive alerts to guide decisions, enabling identification of care gaps. EHRs support
structured data capture and longitudinal risk assessment, while clinical decision sup-
port standardizes guideline-based practice. Advanced analytics—including predictive
models and risk scores—stratify patients by clinical risk, control status, and behavioral
profiles, assigning them to structured care pathways led by nurses and supported by
multidisciplinary teams. Digital channels, like WhatsApp, deliver education tailored to
individual profiles, appointment reminders, and self-management support, improving
adherence to treatment and continuity of care between visits.

In Sdo Paulo, financing from the Inter-American Development Bank (IDB) helped
build the foundational digital public infrastructure needed for a phygital model at scale.
The cornerstone is a clinical data repository, integrating 84 information systems,
processing over 1.5 billion health events for 27 million users, and enabling continuous
patient tracking across the entire network. The municipality complemented this digital
backbone by formally recognizing telemedicine as a mode of care and equipping primary
care facilities to deliver these services. Patients in hard-to-reach areas can consult
specialists through their local clinics, connecting remotely with providers elsewhere
in the city while receiving support from onsite nurses. A telecare platform with nearly
20,000 registered professionals has produced over 2 million teleconsultations.

The e-saudeSP app (with 3.4 million active users) serves as a patient portal for
health data and scheduling and a digital urgent care pathway (Pronto Satde) for acute,
nonsevere cases. Health workers can access any electronic medical record administered
by the municipality using a clinical viewer that lets them check appointments, services
provided, and medication use. Al-powered dashboards support data-driven management.

These case studies showcase how care models can be reimagined to serve popu-
lation needs at scale by integrating digital tools into redesigned care pathways, rather
than deploying them as standalone applications.

Source: Schwarzbauer et al. (2026) and Borges Almeida Da Fonseca (2024).
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Barriers to Adoption of Digitally Enabled NCD Care

Digital interventions can help patients, health workers, and health systems
address NCDs. But how much progress have health systems in Latin America and
the Caribbean made in adopting them? Despite strong evidence of their benefits,
adoption in the health sector remains uneven and often shallow, consistent with
the broader pattern of digitalization in the region described in Chapter 1. This
section reviews seven obstacles to adoption at scale by synthesizing recent data
from four surveys conducted in the region.

Low Take-Up: Use of Digital Health Has Yet to Scale Up

The adoption of digital health services remains limited regionally in Latin
America and the Caribbean and highly variable across countries. In the Encuesta
Ciudadana sobre el Uso de Servicios Publicos Digitales, an in-person popula-
tion survey conducted in 10 countries in 2023-24, only about 39 percent of
respondents reported using at least one digital health service. The lowest use
was in Honduras (24.6 percent) and the highest in Colombia (70.6 percent;
Figure 6.3).

Figure 6.3. Population Use of Digital Health Services
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Source: IDB staff calculations, based on data from the Encuesta Ciudadana sobre el Uso de Servicios
Publicos Digitales, 2023-24.

Note: The figure shows respondents’ use of at least one of the following digital health services within the
12 months preceding the survey: appointment scheduling, teleconsultations, access to laboratory results,
medication refill requests, or access to personal health data. The sample includes adults ages 18 and older.
The estimate for Latin America and the Caribbean is the unweighted average across the countries included.
Within each country, estimates use sampling weights for national representativeness.
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As Figure 6.4 shows, appointment scheduling was the most widely used
digital health service (30 percent), followed by teleconsultations (16 percent),
access to laboratory results (14 percent), medication refill requests (9 percent),
and access to other personal health information (8 percent). Only 19 percent of
respondents used two or more services, indicating use remains concentrated in
standalone services with limited integration across care pathways.

Digital health services are not more widely adopted for reasons concerning
supply and demand. On the supply side, remote and rural areas lack adequate
technology infrastructure (Nakayama et al. 2023; Pierce, Schroeder, and Suchecki
2021); national digital strategies are fragmented and underfunded (Capasso et al.
2024; Ribeiro, Gomes, and Gomes 2024); regulatory frameworks for remote care
are inadequate (De la Torre, Diaz, and Perdomo 2024); and personnel lack suf-
ficient digital health training (Curioso 2019). On the demand side, barriers are
imposed by limited internet access, device and data costs, and lack of digital
skills (Pombo et al. 2025). The principal constraint is, therefore, not the technol-
ogy itself, but the conditions required for its effective diffusion.

Figure 6.4. Types of Digital Services Used
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Source: IDB staff calculations, based on data from the Encuesta Ciudadana sobre el Uso de Servicios
Publicos Digitales, 2023-24.

Note: The figure shows respondents’ use of digital health services within the 12 months preceding the sur-
vey. As respondents could report using more than one service, the categories are not mutually exclusive.
The sample includes adults ages 18 and older; values cover all respondents, not only those who need health
services. Estimates for Latin America and the Caribbean are unweighted averages across the countries
included. Within each country, estimates use sampling weights for national representativeness.
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Limited Reach of Telemedicine

Although people with chronic conditions are more likely to use telemedicine
in the region, access remains limited. According to the People’s Voice Survey
(PVS), conducted in five countries during 2022-23, around 30 percent of adults
with a chronic iliness reported using telemedicine in the past year, compared to
19 percent of those without one (Figure 6.5).

Even so, availability of this service remains a major constraint. According
to the Encuesta Ciudadana, only a fraction of respondents reported their
health care provider offered teleconsultations, with a regional average of
26 percent (Figure 6.6). The availability of such services varied significantly
across countries, from 58 percent in Colombia to just 13 percent in Trinidad
and Tobago and Honduras.®

Figure 6.5. Use of Telemedicine by Health Status, Compared with the United
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Source: IDB staff calculations, based on data from the People’s Voice Survey, 2022-23.

Note: The figure shows the use of telemedicine, defined as at least one virtual or telemedicine visit within
the 12 months preceding the survey. Results are shown separately for both the lowest and the highest
category by dimension of health status: people with a chronic illness versus those without one; and people
reporting poor versus excellent or very good health, for both self-rated general health and self-rated mental
health. The sample includes adults ages 18 and older. Estimates for Latin America and the Caribbean are
unweighted averages across Argentina, Colombia, Mexico, Peru, and Uruguay. Within each country, esti-
mates use sampling weights for national representativeness.

3 Availability of teleconsultations may be higher, but these data rely on people’s being aware

that the service is offered by their health providers.
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Figure 6.6. Availability of and Use for Teleconsultations
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Source: IDB staff calculations, based on data from the Encuesta Ciudadana sobre el Uso de Servicios
Publicos Digitales, 2023-24.

Note: Teleconsultations refer to medical consultations conducted via audio or video call. Availability of tele-
consultations is self-reported by respondents. The sample includes adults ages 18 and older; values cover
all respondents, not only those who need health services. Take-up may be slightly higher if conditioned on
needing health services, but these data are not available. Estimates for Latin America and the Caribbean are
unweighted averages across the countries included. Within each country, estimates use sampling weights
for national representativeness.

Unequal Access: Large Inequities Persist

Differences in age, education, residence, computer use, and digital literacy can
create inequalities in digital health use. According to the Encuesta Ciudadana,
the largest deficits are related to education, computer use, and digital literacy
(Figure 6.7). On average, adults with university education or higher are
37 percentage points (pp) more likely to use digital health services than those
with primary education or lower. Adults who use a computer daily are 29 pp
more likely to use these services than those without computers, and people
with greater digital literacy are 27 pp more likely to use digital health services
than those with none. These disparities exceed those related to age (14 pp) and
whether a person lives in a rural or urban area (10 pp).

Misaligned Models: Care Pathways Are Not Redesigned for Digital

Digital care is often implemented as a technological add-on rather than integrated
into a redesigned model of care. This requires reorganized workflows, task triage,
and referral pathways. Three interconnected barriers limit broader integration:
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Figure 6.7. Average Inequities in Use of Digital Health Services
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Source: IDB staff calculations, based on data from the Encuesta Ciudadana sobre el Uso de Servicios
Publicos Digitales, 2023-24.

Note: The figure shows respondents’ use of at least one of the following digital health services within the 12
months preceding the survey: appointment scheduling, teleconsultations, access to laboratory results, medica-
tion refill requests, or access to personal health data. The digital literacy gap compares people who had not
used the internet within the three months preceding the survey with those in the highest tertile of confidence
in the following digital skills: sending emails with attachments; scanning and sending documents; finding and
installing mobile applications; adjusting privacy settings on websites or apps; selecting effective keywords for
online searches; identifying true versus false information online; and recognizing what information is risky to
share on the internet or on social networks. The sample includes adults ages 18 and older. Reported values are
unweighted averages across Brazil, Chile, Colombia, Guatemala, Honduras, Jamaica, Panama, Paraguay, Peru,
and Trinidad and Tobago. Within each country, estimates use sampling weights for national representativeness.

e Health workers often lack formal telemedicine training, while concerns about
medical liability, quality of care, and the inability to conduct physical examina-
tions contribute to clinician resistance (De la Torre, Diaz, and Perdomo 2024).

e Weak and inconsistent regulatory frameworks, including unclear rules on
reimbursement, medical liability, e-prescription, and data privacy, prevent
telemedicine initiatives from moving beyond small pilots (Garcia Saiso
et al. 2021; Hechenleitner-Carvallo et al. 2025). Health system fragmen-
tation and poor interoperability also hinder the establishment of inte-
grated virtual care pathways.

e Limited connectivity and unreliable electricity impede telemedicine and
platform integration in rural and low-income areas (Camacho-Leon et al.
2022), isolating primary care facilities from remote services.

Digital Records Not Being Built for NCD Care

Facility surveys in Brazil and Colombia, together with a multicountry review
of electronic systems, show that digital records are increasingly common but
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still fall short of what is needed for effective NCD care (Figure 6.8). Around
92 percent of facilities in Brazil and Colombia use digital patient records, and
nearly 98 percent have internet access. Yet the information captured and
the functions available vary substantially. In the seven-country review, for
example, only 81 percent of systems systematically recorded vital signs and
laboratory results, and only about 55 percent allowed the exchange of health
information.

Important functions for population health management also remain limited.
In Brazil, only 47 percent of facilities could generate lists of patients by diagnosis,
while clinical decision support was available in 31 percent. Fully functional sys-
tems are rarer still; even in Colombia, which performs best across most indicators
shown in Figure 6.8, only 28 percent of facilities have access to digital systems
covering the full set of EHR functionalities.

Figure 6.8. Data and Functions of Digital Information Systems for NCD Care
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America and the Caribbean, 2021-25.

Note: The figure shows the share of health facilities and electronic systems that meet each criterion
for digital capacity. For Brazil and Colombia, values come from nationally representative facility sur-
veys that cover public and private providers and use similar questionnaires. When a criterion combines
several indicators, the reported value is their average—for example, “recording of vital signs and labs”
averages the vital signs and laboratory indicators—which keeps the two countries comparable, given
that the Brazilian data are drawn from published results. Estimates for Latin America and the Caribbean
are unweighted averages across Argentina, Brazil, Ecuador, El Salvador, Guatemala, Paraguay, and
Suriname. Within each country, estimates are not nationally representative, as data come from a score-
card review of electronic systems.
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Weak Analytical Capacity in Health Systems

Although digital information systems can make data timelier and more accessible
for managing NCDs, data are valuable only if they are analyzed and used at differ-
ent levels in the health system to improve care. This requires health practitioners
and administrators to have the skills to transform data into action. A recent PAHO-
IDB regional assessment of health workforce competencies in data analysis found
large gaps (PAHO 2026). About 40 percent of health systems are at level two, out
of five, in systematically analyzing health needs and applying advanced tech-
niques for real-time decision making, while data skills remain basic.

Lagging Frameworks and Governance

Deficiencies in national legal and regulatory frameworks hinder the development
of interoperable digital health systems (Campos Rivera et al. 2025). Although
most countries have data protection laws, rules governing the sharing of NCD-
related data, including sensitive information on chronic conditions, are not
always suited to longitudinal care. Few countries legally require compliance
with interoperability standards essential for continuity of NCD care, resulting
in fragmented implementation that disproportionately affects patients with
complex, multiple conditions. Governance responsibilities often overlap or are
poorly defined, hindering coordinated NCD prevention and control. Unclear
health data ownership further weakens NCD registries and surveillance systems,
while inadequate telehealth regulation restricts access to care, particularly in
underserved or geographically isolated communities (SPH-Digital 2022).

Policy Recommendations

When embedded in redesigned care models, digital tools can help shift NCD
care from reactive to proactive, from episodic to continuous, and from facility-
centered care to care delivered across settings. While these changes are espe-
cially urgent in the case of NCDs, the institutional foundations, data systems, and
organizational capabilities they require to be implemented can strengthen health
system performance more broadly. The following policies are recommended.

Use digital technologies to enable proactive, population-based NCD
management. Health ministries and providers should organize NCD care around
patient registries, risk stratification, standardized treatment protocols, and team-
based follow-up. EHR data, dashboards, and predictive analytics should be used
to identify people who are undiagnosed, uncontrolled, overdue for care, or at high
risk and connect them to appropriate care pathways. Clear responsibilities should
be established for care teams to act on this information and track outcomes over
time. Management and financing arrangements should be aligned with continuous
care and population health outcomes rather than isolated encounters.
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Redesign care workflows around integrated digital tools. Health ministries
and providers should combine in-person and remote care within redesigned work-
flows rather than simply digitalizing existing processes. Telemedicine, patient
portals, self-management apps, digital scheduling and reminders, and Al-enabled
support should be used to extend care between visits and help patients manage
chronic conditions. Primary care facilities in rural and underserved areas should
serve as digital access points, providing connectivity, devices, and onsite sup-
port for remote consultations. Digital services should be intuitive, available in rel-
evant languages, and work reliably on older, lower-cost devices to avoid widening
access deficits.

Build interoperable EHR systems and the governance to support them.
Ministries should establish and finance EHR systems with minimum functional
standards for NCD care, including structured capture of vital signs; clinical deci-
sion support; computerized entry of provider orders; patient registries; and
the data needed to track outcomes over time. Interoperability and secure data
exchange should be required across providers and levels of care, supported by
common standards and clear rules and safeguards for authorized data access,
privacy, cybersecurity, and the responsible use of Al. Clear institutional responsi-
bilities for setting and enforcing these standards should be assigned, and imple-
mentation should be coordinated with government digital agencies.

Adapt the health workforce. Successful adoption of an integrated digital
model requires development of the skills, roles, and regulatory conditions needed
to use digital tools and translate data into clinical and managerial action. Priorities
should include digital and data literacy across clinical and managerial roles, task
shifting, remote care modalities and automation, and workflow optimization to
free up time for patient care. Contracting and regulatory frameworks must also
be updated to enable remote care.



Digital Technologies and the
Future of Social Protection

Social protection systems are essential for promoting inclusive development
and resilience, especially in regions marked by high inequality and vulnerability
to economic and climate shocks. During the past two decades, governments in
Latin America and the Caribbean established many noncontributory programs
(financed from general revenue, regardless of prior contributions) to complement
existing contributory ones (financed by and linked to prior contributions), reaching
roughly 180 million individuals across the region by 2022 (Schwarz and Stampini
2025). Behind this progress, however, important structural challenges remain.
On the one hand, social spending often gets into the wrong hands; in 2015, the
resources from social programs delivered to high-income individuals represented
around 0.5 percent of gross domestic product (GDP; Izquierdo, Pessino, and
Vuletin 2018). On the other hand, social programs still miss many people who
need assistance; by 2022, 31 percent of the region’s extreme poor remained
without access to cash transfer programs (Schwarz and Stampini 2025), and
roughly 40 percent of individuals worked without contributing to old-age pension
systems (Tapia et al. 2023).

Addressing these issues is a complex endeavor comprising at least four
stages: identifying potential beneficiaries; targeting benefits to those who are
eligible; ensuring take-up of benefits; and delivering those benefits effectively.
Sources of frictionatany stage—suchasincomplete socialregistries, burdensome
application or benefit-claiming processes, or logistical difficulties—can result
in the exclusion of legitimate beneficiaries, weakening the effectiveness of
these policies. In the context of cash transfers (a noncontributory program),
Coady and Parker (2009) find that the administrative use of a proxy means test
improves targeting, particularly when efforts are made to reduce the application
frictions that low-income individuals face. This type of friction also affects
contributory programs when, for example, both red tape and misperceptions
of the importance of old-age pensions affect enroliment (Bosch, Melguizo, and
Pagés 2013).
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Since the beginning of the century, governments have gained access to a
new generation of digital tools, including interoperable social registries, satel-
lite imagery, targeting models powered by artificial intelligence (Al), digital plat-
forms, and electronic payments. These novel technologies have great potential
to help identify and verify beneficiaries, streamline enroliment, and deliver sup-
port more securely and rapidly. The use of many of these tools is proliferating in
Latin American and Caribbean countries. Recent evidence, for example, shows
that digital payments—such as transfers to bank accounts or digital wallets—
are becoming increasingly common, with roughly 83 percent of beneficiaries of
noncontributory programs receiving their payments this way. Such improvements
can increase the efficiency of social spending and reduce fiscal pressure. They
may also make social protection systems more adaptive, enabling governments
to expand or tighten coverage as climate or economic conditions change.

Although digital technology can enhance social protection, it introduces
new risks. Overreliance on digital systems may exclude populations with limited
access to connectivity, devices, or digital skills. If not carefully designed, digital
solutions can replicate or even amplify existing inequalities. But these limita-
tions do not have to be an excuse for inaction; rather, they should be a call for
taking these issues seriously. Governments must strike a balance between har-
nessing technology to improve service delivery and ensuring that digital sys-
tems are inclusive and accessible to all.

Moreover, many of the key challenges facing social protection systems can-
not be solved simply by reducing frictions and enhancing key processes. In many
cases, they require substantive reforms to program rules, incentives, and design.
Digital technologies and Al can substantially strengthen governments’ capacity
to implement and monitor policies, reduce administrative frictions, and improve
the targeting and delivery of benefits, but they cannot substitute for determining
whether existing policies are appropriately designed to achieve their objectives.

This chapter explores three questions bearing on digital technologies and
the future of social protection. First, how can governments use technology to
build more efficient and inclusive social protection systems? Second, what
unintended consequences may result from a shift toward digital service delivery?
Third, where do social protection systems in Latin America and the Caribbean
currently stand in their progress toward digital transformation?

The Potential of Digital Tools

Figure 7.1 presents suggestive evidence for Latin America and the Caribbean on
how, as social protection systems become more digitalized and dynamic, they can
minimize exclusion errors. In the case of antipoverty programs, “exclusion” refers
to the share of poor individuals who fail to receive benefits. The figure depicts the
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relationship between the degree of digitalization of a social protection system—
proxied by whether a social registry is dynamic or static (terms defined in the
note to Figure 7.1)—and the coverage of social programs for two groups of inter-
est: poor and nonpoor populations. Panel A shows that, in countries implementing
dynamic social registries, the share of poor individuals who effectively receive
benefits from social programs is 11 percentage points higher than in those using
static social registries. Panel B shows that this higher coverage among the poor
is not explained by greater overall coverage as, in countries with dynamic social
registries, the share of nonpoor individuals who receive benefits is 6 percentage
points lower than in those with static registries.

These patterns should not be read as causal. More efficient systems may
simply be those that digitalize, and both efficiency and digitalization may reflect
broader differences in state capacity. But they do suggest a strong link between
digitalization and efficiency, with effects manifesting along the many layers of a
social protection system.

Figure 71. Cash Transfer Beneficiaries, by Poverty Status and
Digitalization Level
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Source: IDB staff calculations, based on Guven, Yeachuri, and Almenfi (2025) and Stampini, Medellin, and
Ibarraran (2023).

Note: The figure shows the share of the population, above and below the poverty line, living in house-
holds that benefited from noncontributory cash transfer programs in 2019, based on tables 5 and 6 of
Stampini, Medellin, and Ibarrardn (2023). Poverty is defined according to the international line of US$6.85
per day (adjusted for purchasing power), based on per capita income, net of noncontributory cash transfers.
Reported values are unweighted averages across Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, the
Dominican Republic, Ecuador, El Salvador, Mexico, Peru, and Uruguay. Within each country, estimates use
sampling weights for national representativeness. Results are shown separately by digitalization level of
social registries, based on Table B.5 of Guven, Yeachuri, and Aimenfi (2025). A dynamic social registry allows
continuous, on-demand updates and real-time interoperability with administrative data sources, while a
static registry relies on infrequent, survey-based updates, which increases the risk of outdated information.
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The Four Stages of Social Protection

The impact of a social program hinges on the government’s ability to reach indi-
viduals who will benefit the most. In principle, noncontributory programs with uni-
versal coverage can ensure no one is left behind; they minimize exclusion error,
defined as the share of targeted individuals or households (in this case, those liv-
ing in poverty) who do not receive a benefit. With a fixed budget, however, univer-
sal coverage comes at the cost of reducing the per-beneficiary benefit amount or
increasing inclusion errors, defined as the share of nontargeted individuals (that
is, nonpoor households) who end up receiving a benefit. This tradeoff between
exclusion and inclusion errors is exacerbated by economic shocks (Beuermann et
al. 2025). With contributory programs, their impacts and sustainability crucially
depend on their design and on how the cost of financing them is spread among
beneficiaries, employers, and governments.

With limited public resources, many countries make important investments
that enable their social protection systems to select beneficiaries carefully.
A foundational investment is in datasets that support the first stage of social
protection: the identification of the potential beneficiaries of social programs
(Figure 7.2). In the second stage, targeting, government agencies combine the
information in these datasets with additional sources of data to select from
among the potential beneficiaries those who are eligible for benefits, based on
characteristics relevant to the program at hand. For the third stage, take-up,

Figure 7.2. The Four Stages of Social Protection

Delivery

Take-up

Targeting

Identification of potential
beneficiaries

Source: |DB staff.



DIGITAL TECHNOLOGIES AND THE FUTURE OF SOCIAL PROTECTION

some programs may require eligible beneficiaries to comply with certain condi-
tions to gain access to their funds. These may include enrolling in a program,
filing relevant paperwork, or agreeing to a minimal number of contributions.
The final stage is delivery, when enrolled eligible beneficiaries receive their
benefits.

This simple framework provides a way to think about how the use of digital
tools at each stage can reduce exclusion and inclusion errors and, consequently,
maximize the welfare derived from a given program. Of course, some stages may
be more important than others, depending on the context and type of program.
Likewise, a contributory program, which usually requires individuals to enroll with
social security, may benefit less from investments in targeting but require sub-
stantial work to eliminate frictions in the enroliment or disbursement process.

While the approach above suggests a bottom-up order, it is important to
emphasize that solutions and frictions at each stage can also have upstream
effects. If the mode of delivery of a benefit is too cumbersome, for example,
individuals may opt not to take up the benefit, enroll in the program, or even
register in their country’s social registry (Coady, Martinelli, and Parker 2013).
Beyond potential upstream and downstream spillover effects of investments
along the process, economies of scope may also be derived from these invest-
ments.! The digital public infrastructure—that is, foundational digital services
such as digital identity and data-sharing systems—that enables targeting in
one program can enable it in others, as well. Likewise, as shown by the case of
single-window web portals for social protection (discussed later in the chap-
ter), a web platform to provide information about one program can serve the
same purpose for many others at virtually no additional cost. While the analy-
sis below focuses on the direct effects of digital interventions at particular
stages, it highlights cases in which those effects reverberate throughout the
entire process.

Identification of Potential Beneficiaries

The foundation of a social protection system requires obtaining data on a coun-
try’s population to define the set of potential beneficiaries. At the most aggregate
level, many countries rely on statistical information from surveys or censuses to
characterize the subnational regions or population groups likely to be a program’s
target population by, for example, constructing poverty maps. At the individual

T Economies of scope arise when producing several goods or services jointly costs less than

producing them separately. In this context, a single investment in the development of digi-
tal public infrastructure can serve multiple programs at little additional cost. Economies of
scope differ from economies of scale, which arise when the average cost per unit falls as
the scale of production of a good or service increases.
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level, they can invest in social registries to collect information on potential ben-
eficiaries, particularly for noncontributory programs. In the case of contributory
programs, relevant information on potential beneficiaries is derived from the con-
tributions to social security, but the countries also can benefit from other infor-
mation in social registries since, in many cases, contributory pension schemes
are complemented by a noncontributory component (a minimum pension funded
from general revenue rather than from contributions).

Governments acknowledge that some individuals are left behind by data
collection efforts related to social registries. The high levels of informality
in Latin America and the Caribbean also mean that many individuals do not
appear in administrative records from contributory programs, such as pensions
or unemployment insurance. For this reason, data from civil registries or vital
records are often merged with existing datasets. Indeed, recent experimen-
tal evidence from Panama shows that encouraging the updating of basic iden-
tity documents increases the visibility of individuals with the government and,
consequently, their likelihood of benefiting from social programs (Reyes, Roseth,
and Vera-Cossio 2025).

Several countries in Latin America and the Caribbean have invested in digi-
tal public infrastructure to enable the secure integration of different sources
of data with social registries. A review of thirteen social registry case studies
in the region, conducted for this chapter, finds that in five cases (Brazil, Chile,
Colombia, the Dominican Republic, and Guatemala), administrative records are
combined with social registry data. In Chile, for example, the social informa-
tion registry combines data from the Social Household Registry (Registro Social
de Hogares)—the household survey tool traditionally used to target social pro-
grams—with civil registration (birth, death, marriage), employment, health, and
education records. It also incorporates information about old-age pensions and
financial data.

This approach not only expands the coverage of the information available
in the social protection system; it enables multiple programs and government
agencies to use one unified tool for implementation. A great example of the
economies of scope that characterize digital technologies, this unified tool
builds a bridge between the contributory and noncontributory components of
social protection.

Novel digital tools and alternative data sources can provide governments with
better information, enabling more precise targeting of social programs. One prom-
ising approach involves combining satellite images and census data (often used
as a benchmark) with remote-sensing models (algorithms that turn raw satellite
or drone pictures into useful information) to distinguish among different types of
structures, such as warehouses and residential buildings. This method has proved
relatively successful in predicting different dimensions of poverty (Jean et al. 2016).
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The models can then be refined to recognize characteristics associated with low-
income neighborhoods, using manually tagged images and complementary data,
such as electricity bills. Cell phone use records can also provide useful information,
as shown by Blumenstock, Cadamuro, and On (2015). When further combined with
geolocated beneficiary databases, this technology allows governments to identify
gaps in coverage and proactively reach out to households currently outside formal
information systems, enhancing the inclusiveness and accuracy of social protec-
tion programs.

Some governments in Latin America and the Caribbean are already using
these tools. In the Dominican Republic, InclulA uses remote sensing to identify
high-poverty areas and guide outreach; a pilot in Santo Domingo added nearly
30,000 previously missed individuals to the social registry (Monge and Chévez
2025). Brazil, Costa Rica, and El Salvador have adopted similar approaches.

The costs of increasing data coverage for the design and implementation
of social programs are manageable. Interviews conducted for this chapter with
public officials in several countries in the region that have modernized their
social registries indicate that the initial investment ranges from US$4 million
to US$14 million, depending on the size of the country. Annual operating costs
range from US$1 million to US$4 million. These investments may pay off over
time by improving targeting and reducing the share of funds allocated to high-
income individuals, particularly as many payments are recurrent. To put these
costs in perspective, resources from social programs delivered to high-income
individuals in Latin America and the Caribbean have been estimated at around
0.5 percent of GDP (Izquierdo, Pessino, and Vuletin 2018). Better social registries
can help reduce such misallocation by improving the identification and targeting
of beneficiaries.

Digital public infrastructure does more than improve efficiency and trans-
parency. By making it possible to bring together information seamlessly from
multiple sources, it can prove vital for quickly adapting the coverage of social
protection programs in response to aggregate, regional, or idiosyncratic shocks.
Vera-Cossio et al. (2023) find that complementing the information in its social
registry with multiple data sources enabled Colombia to expand the coverage of
its safety net, which allowed vulnerable individuals to keep meeting their basic
needs amid the COVID-19 pandemic. More broadly, Tesliuc and Fontefiez (2025)
find that countries with stronger digital infrastructure for deploying social protec-
tion programs were better at expanding social spending during the pandemic.
These capabilities are particularly relevant in a region characterized by substan-
tial cross-border migration. Digital identification systems and interoperable infor-
mation exchange can help governments identify and register migrants who may
otherwise remain outside traditional administrative databases, reducing exclu-
sion errors.
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Targeting

Given the universe of potential beneficiaries, governments often need to define
a target population for a given program. Antipoverty programs, for example,
are designed to reach the poorest households and individuals. The fundamen-
tal problem is that neither income nor consumption is perfectly observable for
the entire population—a crucial constraint in settings of high informality, such as
Latin America and the Caribbean. Thus, many governments use other variables
that can be observed (for example, place of residence, education, or housing
characteristics) to predict income and consumption, an approach known as proxy
means testing.

In practice, proxy means testing is used, above all, to establish eligibility; a
household qualifies for a program when its predicted income or consumption falls
below a defined threshold. One problem with proxy means testing is that some
households are “data-poor"—that is, the government knows little about them—so
their income or consumption cannot be predicted accurately. These households
are often overrepresented among certain minority groups. Figure 7.3 exemplifies
the problem. It depicts poverty-targeting accuracy for immigrants in Chile, who
represent 8 percent of the survey sample, and for native-born residents, based
on a proxy means testing approach that uses the traditional information available

Figure 7.3. Poverty-Targeting Accuracy in Chile, by Migration Status
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2022.

Note: CASEN is Chile’s official household survey, used to measure poverty, inequality, and socioeconomic
conditions at the national and territorial levels. The estimates in the figure are based on a regression model
trained on a randomly selected 50 percent subsample; the estimated coefficients are then applied to the
remaining 50 percent testing subsample to generate out-of-sample predicted incomes. The sample includes
adults ages 18 and older. Estimates use sampling weights for national representativeness. Household
monthly incomes are compared to the poverty threshold of CLP 216,849 (about US$234), according to
CASEN estimates for 2022.
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in household surveys or social registries. It shows that this approach is more
accurate in identifying poor individuals among native-born residents than among
immigrants.

Novel data sources can improve accuracy by capturing subgroups that
traditional datasets often represent poorly. Data sources such as satellite
imagery, electricity consumption, or cell phone usage patterns not only help
identify individuals missed by conventional surveys but predict wealth and other
socioeconomic characteristics (see, for example, Blumenstock, Cadamuro, and
On 2015; Blumenstock 2018). Evidence also indicates that gains in targeting can
come not only from better data but from better methods. Using the same data,
cutting-edge Al-based approaches can substantially improve targeting accuracy.
Noriega-Campero et al. (2020) find that, relative to traditional methods, Al-based
predictions could reduce exclusion errors by 17 percent in Colombia and 26 percent
in Costa Rica, keeping the budget constant.

New digital tools can also make it easier for governments to keep infor-
mation current. This is essential for seamlessly and transitorily expanding the
coverage of safety nets, a task that becomes complicated when the data in
a social registry are not updated periodically. Baez, Kshirsagar, and Skoufias
(2019), for example, combine remote-sensed data with traditional household
data to develop a drought-contingent targeting framework for Sub-Saharan
Africa. Christian et al. (2025) provide evidence from Nepal that Forecast-
Based Anticipatory Action—a framework that uses satellite data to trigger
anticipatory financial aid when floods are forecast—enables the timely deliv-
ery of post-disaster aid, which has a larger impact than aid delivered months
after the event.

Integrating updated data into targeting tools holds great potential beyond
use in natural disasters. Beuermann et al. (2025) cite an important example
in Colombia. They note that the targeting errors based on proxy means test-
ing trained on the data traditionally available in social registries (dwelling char-
acteristics, ownership of appliances, and basic socioeconomic characteristics)
increased during the economic downturn produced by the COVID-19 pandemic.
The reason for the increase was intuitive: The economic situation of households
changed quickly, and this was unlikely to be represented in pre-crisis data. The
study shows that keeping a statistical tool to select beneficiaries updated with
current data on sectoral unemployment spells can achieve levels of welfare simi-
lar to those produced by an expansion in coverage of social programs, but at a
fraction of the cost. It also suggests that data used in traditional targeting tools
can quickly decay. Indeed, Aiken, Ohlenburg, and Blumenstock (2023) suggest
that, to compensate for data decay, the underlying survey data used in proxy
means testing should be updated every three years.
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Take-Up

Incomplete participation in social protection programs is the norm rather
than the exception. Even in programs with near-automatic enrollment and
with benefits that are not contingent on complying with conditions, not all
eligible beneficiaries end up receiving their benefits. Regarding an uncondi-
tional cash transfer program with near-automatic enrollment in Colombia, for
example, Vera-Cossio et al. (2023) find that 10 percent of eligible individu-
als failed to receive their benefits. This issue is more salient when there are
additional enroliment costs. Coady and Parker (2009) show that, among indi-
viduals deemed eligible for a cash transfer program in Mexico based on a
poverty score, only 66 percent applied for the program, and only 47 percent
ended up receiving benefits. These costs affect take-up overall as well as who
benefits from social programs, and they can involve several layers of expense,
from obtaining access to documents to acquiring information (Romero and
Singh 2022).

Application requirements can reduce take-up when eligible individuals
encounter paperwork, time, or information barriers (Finkelstein and Notowidigdo
2019). Digital tools can reduce these frictions by simplifying applications and,
where administrative data permit, enabling automatic enroliment. Digital plat-
forms can also streamline access across multiple programs. During the COVID-19
pandemic, Chile relied on its Social Household Registry to allow households to
register, update socioeconomic information, and determine eligibility for a wide
range of programs. The platform processed more than 800,000 applications in
June 2021 alone (Tejerina and Vargas 2025).

In 2025, Chile built upon this technology by launching the Unified Social
Portal (Ventanilla Unica Social). The portal integrated social protection services,
transforming the Social Household Registry from a system primarily focused on
information registration to a single entry point where citizens can update their
household data, apply for benefits, and manage interactions with multiple pro-
grams and institutions. The new platform is the gateway (that is, single-window
web portal) for a variety of social programs, such as cash transfers, rent subsi-
dies, education grants, and even subsidies for micro- and small firms. By con-
solidating procedures that were previously fragmented across different websites
and offices, it streamlines access to social protection programs and likely reduces
transaction costs for citizens.

For these types of portals to work, the public needs to be aware of them and, as
discussed later in this chapter, to be able to work with them. As other countries,
such as Colombia, work to implement similar portals (Zuluaga and Tejerina 2025),
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it is important to understand whether these sophisticated e-government tools can
be complemented with scalable information provision interventions. More broadly,
evidence is needed on the impacts of systemwide interventions, such as single-
window web portals, and key social protection metrics, such as exclusion errors and
poverty rates.

Delivery

The impacts of any social protection programs ultimately depend on the extent to
which beneficiaries can, indeed, receive the benefits to which they are entitled.
Low-income individuals in rural areas may need to balance the benefits derived
from cash transfers against the costs of traveling to collect them. Likewise, many
beneficiaries may not be able to receive their full benefits after middlemen take
their cut (Muralidharan, Niehaus, and Sukhtankar 2016). For implementing agen-
cies, the costs of delivering benefits may consume parts of their budgets that
could otherwise be allocated toward the transfers themselves, or they may lead
to disbursement errors.

Perhaps one of the most substantial transformations in social protection sys-
tems in Latin America and the Caribbean is the move away from in-person to
electronic delivery of benefits; the share of beneficiaries of social programs who
received their benefits through direct deposit increased from roughly 47 percent
in 2014 to 83 percent in 2024 (see Figure 7.4, Panel B). Experimental evidence
from Colombia shows that encouraging beneficiaries with no prior links to the
formal financial system to receive transfers through direct deposit reduced pay-
ment failures and collection time while lowering delivery costs for the govern-
ment. It also expanded beneficiaries’ access to bank accounts and formal credit
(Hernandez et al. 2024).

Table 7.1 summarizes how digital tools can be incorporated at each stage of
social protection. At the identification stage, digital social registries, integrated
administrative databases, and remote-sensing models define and update
the pool of potential beneficiaries. At the targeting stage, proxy means tests,
alternative-data models, and Al-based methods sharpen eligibility decisions.
At the take-up stage, prefilled applications, digital outreach, and single-window
portals lower the barriers to enroliment. And, at the delivery stage, digital payment
systems and biometric authentication make transfers cheaper, faster, and more
reliable. Taken together, these tools illustrate the substantial gains digitalization
can deliver across the four stages of social protection, reducing exclusion and
inclusion errors while lowering costs.
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Table 71.  Summary of Digital Tool Incorporation through the Four Stages of
Social Protection

Stage Policy/Innovation
Identification of potential Digital social registries for identifying and updating potential
beneficiaries beneficiaries

Integration of administrative databases across government
agencies (tax, employment, health, education)

Remote-sensing models combining satellite imagery and
census data to identify potential beneficiaries

Targeting Proxy means tests implemented through digital social registries

Targeting models using alternative data sources (e.g.,
electricity consumption, mobile phone usage, remote sensing)

Al-based targeting models for predicting eligibility and
reducing exclusion errors

Take-up Prefilled digital application forms using administrative data

Customized digital outreach through chatbots, digital
assistants, and SMS or mail reminders to encourage enrollment

Integrated “single-window” portals for social programs
enabling application and beneficiary-government interactions

Delivery Digital payment systems delivering transfers to bank accounts
or digital wallets

Biometric authentication for beneficiary verification in payment
systems

Source: IDB staff.

Digital Technologies and Emerging Tradeoffs

As is usually the case with innovations, novel digital tools applied to social
protection may work better for some individuals than others. One concern is that,
with increasing use, the technologies may strengthen or create new tradeoffs
for policymakers. Two relevant risks are discussed below: the extent to which
the use of digital payments and customer service platforms can exclude some
individuals and the extent to which the use of additional sources of data to
identify and target beneficiaries may generate opportunistic behavior or transmit
societal biases against low-income people.

The Efficiency-Exclusion Tradeoff

This chapter has provided examples of how e-government tools, such as websites,
apps, and digital payments, can improve targeting outcomes for social programs.
It has long been recognized, however, that these gains may not reach everyone.
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Some people prefer to interact with the government through traditional channels,
such as in-person offices, while others lack access to or do not have the skills to
use the necessary technology.

Several studies document this pattern. In the case of digital payments,
Hernandez et al. (2024) show that individuals in Colombia with less education,
who are older, and who are living in rural areas are less responsive to encour-
agements to switch from in-person to digital payments. In India, evidence indi-
cates that, while using biometric technology to improve beneficiary verification
increased the efficiency of social programs, it also excluded low-income ben-
eficiaries who could not switch to this new technology (Muralidharan, Niehaus,
and Sukhtankar 2025). Ongoing research on Brazil's debt renegotiation program,
DESENROLA, which requires beneficiaries to apply using a government portal,
finds that almost 89 percent of individuals have not even been able to access the
platform. The difficulties have been particularly acute among older people and
those with less education (Gagete-Miranda et al., forthcoming). As the region
ages, it will be important to monitor whether digital tools remain a barrier in old
age, or whether future cohorts reach old age with stronger digital skills than cur-
rent ones.

The efficiency-exclusion tradeoff adds a new dimension for governments
to consider when introducing digital technology to the administration of social
protection programs: how to reap the benefits from greater efficiency without
raising transaction costs on vulnerable and less digital-savvy groups. In practice,
alleviating the problem entails choosing from a menu of combinations of digital
and in-person channels. In the short run, governments may keep an in-person
option to serve individuals who lack connectivity or for whom adopting technol-
ogy is too costly or not preferred. A good example is provided by Chile, which
modernized its social protection system and implemented e-government tools
to interact with beneficiaries through its single-window portal but continues to
accommodate requests for in-person interactions (Tejerina and Vargas 2025).

In the longer term, an alternative approach is to invest more resources in user
experience. As has been demonstrated in private sector settings, interventions
focused on, for example, intuitive app design, simplified onboarding, and fric-
tionless payment flows reduce cognitive effort and make processes feel effort-
less. These concepts are put into practice by the most innovative firms in Latin
America and the Caribbean, such as fintech firms, social media platforms, and
online marketplaces, and even by some public institutions to ensure they reach
traditionally marginalized segments of the economy, including beneficiaries of
social programs. The intuition behind this approach is to make interactions with
potential beneficiaries as easy as possible so that issues of digital literacy are not
a particular limitation.
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Targeting Algorithms and Misreporting

An important concern in social protection is that individuals may rely on hidden
actions to manipulate their eligibility. Anecdotally, people have been said to hide
their TVs or appliances to improve their scores on proxy means tests. The use
of interoperable digital public infrastructure combining multiple data sources
may help assuage some of these concerns. Traditionally, a social registry would
only use information from a self-reported assessment of living conditions. With
more data available to assess poverty in near-real time, poverty predictions
can be refined, making it harder for users to manipulate their scores either by
misreporting aspects of their living conditions (Camacho and Conover 2011)
or by deciding to work off the books (Bosch and Schady 2019; Garganta and
Gasparini 2015). In the context of contributory programs that are particularly
prone to misreporting (Dean, Fleitas, and Zerpa 2024; Gerard and Gonzaga
2021; Vera-Cossio et al. 2025), additional data sources can support income
verification. In other words, more data sources and better ways to identify
beneficiaries may reduce the consequences of strategic misreporting.

Benchmarking the Region’s Digitalization of Social Protection

To characterize where countries in Latin America and the Caribbean stand with
respect to digitalization of their social protection systems, this section examines
two key dimensions: how regularly social registries are updated, and the share of
beneficiaries who receive their benefits through electronic transfers.

Figure 7.4, Panel A, compares the share of dynamic social registries in Latin
America and the Caribbean with that among other emerging economies. It shows
that the region lags relative to other countries with similar incomes. This under-
scores the efforts needed to integrate different sources of data for better target-
ing, particularly in economies where labor market informality is more prevalent
and income is harder to measure.?

Panel B of Figure 7.4 turns to the electronic delivery of social program trans-
fers, where the picture is one of striking progress. In 2014, just 47 percent of
beneficiaries in Latin America and the Caribbean received their transfers digitally,
compared with 89 percent in the Organisation for Economic Co-operation and
Development (OECD), a gap of more than 40 percentage points. By 2024 the
region had reached 83 percent, cutting that gap to about 11 percentage points.

2 Note that Panel A in Figure 7.4 does not include OECD countries, from which data on social

registries are unavailable. Social registries may not, however, be necessary in the OECD,
to the extent that informality is minimal, and governments already have interoperable data
sources for other purposes—a feature more likely in higher-income countries, like those in
the OECD.
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Figure 7.4. Digital Social Protection: Dynamic Registries and Digital Transfers
across Country Groups

A. Digitalization level of social B. Share of beneficiaries paid
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Note: Reported values are unweighted averages across countries with available data. OECD and emerg-
ing market economies exclude Latin American and Caribbean countries. Emerging market economies
follow the International Monetary Fund classification (IMF 2025b, Table A). Panel A results are shown
separately by digitalization level of social registries, based on Table B.5 of Guven, Yeachuri, and Aimenfi
(2025). Dynamic registries allow continuous updates and real-time interoperability with administrative
data, while static registries rely on infrequent survey-based updates. Estimates for Latin America and the
Caribbean are based on Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, the Dominican Republic,
Ecuador, El Salvador, Mexico, Peru, and Uruguay. Panel B reports the individuals who received govern-
ment financial support in the previous 12 months deposited into a card, a bank or other financial institu-
tion account, or a mobile money account. The set of countries included varies by year, depending on
data availability in each Findex round. Within each country, estimates use sampling weights for national
representativeness.

This rapid convergence, shared with other emerging economies, reflects both
policy efforts to modernize the state and investments in interoperable payment
systems (Vera-Cossio 2025). A final step remains, as 17 percent of beneficiaries
still collect their transfers in cash, but over the past decade the trajectory has
been one of fast and sustained catch-up.

These two dimensions sit at different depths. Digital payments are the vis-
ible, delivery-facing layer, where the region has largely closed the gap with the
OECD. Dynamic registries are the deeper, data-infrastructure layer—the layer on
which Al-based targeting ultimately runs—and it is here that the region still lags.
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The regional pattern, in short, is a digitized delivery interface resting on a data
foundation that remains comparatively underdeveloped. This lag reflects broader
institutional weaknesses—outdated regulation, immature data-governance
arrangements, and limited technical capacity—reinforcing a central message of
this report: The effectiveness of digitalization and Al depends critically on the
strength of the institutions that support them.

Policy Recommendations

Digital technologies can substantially improve the efficiency, coverage, and
adaptability of social protection systems in Latin America and the Caribbean.
Achieving these gains requires four main policy actions.

Build dynamic, interoperable social registries. Social registries should be
a shared public data layer that covers a broad segment of the population, iden-
tifies potential beneficiaries, and keeps the information used for targeting up
to date. Links should be established among civil registration, tax, employment,
pension, participation in public programs, health, education, and other relevant
administrative records. These sources should be complemented, where appro-
priate, with information on household assets and living conditions, such as hous-
ing characteristics, and service consumption, such as electricity use, to improve
the assessment of socioeconomic conditions and targeting. Targeted surveys
and outreach should be used to include population groups who are poorly repre-
sented in existing data. A lead institution should be designated to coordinate the
registry across government agencies, assign responsibilities for supplying and
updating data, set interoperability and data-quality standards, administer access,
and enforce privacy and cybersecurity safeguards. The resulting registry should
support multiple programs and allow coverage and benefits to be adjusted as
household economic conditions evolve or shocks occur.

Upgrade targeting with cutting-edge Al methods. Social protection agen-
cies should regularly test whether advanced Al methods can be used to iden-
tify eligible beneficiaries more accurately than the statistical models currently in
use, thereby reducing exclusion and inclusion errors without expanding program
budgets. Rather than allowing incumbent models to persist by default, agencies
should create competitive processes by which leading researchers and qualified
external teams can develop and benchmark alternative methods using the same
underlying data. This will require providing secure access to privacy-protected
data, establishing transparent out-of-sample performance criteria, and compar-
ing new models with existing targeting tools. Agencies should adopt clear perfor-
mance metrics, implement methods that deliver meaningful improvements, and
repeat these benchmarking exercises periodically so targeting performance con-
tinues to improve as data and analytical techniques evolve.
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Develop comprehensive single-window portals for benefits. Procedures
should be integrated across programs and agencies, so beneficiaries do not
have to navigate multiple entry points. A single-window portal should be used
as the main channel for citizens to obtain information, check eligibility, update
their information, submit documentation, track decisions, and manage benefits
across programs. Where eligibility rules can be codified and the underlying data
are sufficiently complete and reliable, integrated data and advanced algorithms
should be used to automate eligibility determinations and enroll beneficiaries
without requiring a separate application. The portal should be complemented
with Al-enabled chatbots and proactive digital communications, including behav-
iorally informed reminders and notifications, to help eligible individuals complete
required steps and claim benefits. These measures can increase take-up, reduce
exclusion errors and application costs, save citizens' time, and improve their
experience of interacting with the state.

Advance digitalization without excluding beneficiaries. Digital interfaces
should be designed to be intuitive and easy to use, including for people with limited
digital skills and those using older devices. At the same time, in-person services
should be maintained and strengthened for those who cannot or prefer not to
interact through digital channels. Telephone assistance can provide an additional
alternative with relatively low service-delivery costs and no transportation
costs for beneficiaries, particularly when staff can guide them through digital
procedures and help them learn to use digital channels. Governments should
monitor completion rates across channels and population groups and adjust
service design accordingly. This hybrid approach can capture the efficiency gains
from digitalization without reducing access among the people most in need of
social protection.
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Beyond Adoption: Making
Digital Tools Work for
Infrastructure

Infrastructure services are essential for productivity, economic opportunity, and
quality of life. They determine whether firms can produce reliably, workers can
access workplaces efficiently, and households can obtain safe water, energy, and
mobility services. Although Latin America and the Caribbean has made important
progress in expanding access to infrastructure, significant challenges remain.
Service providers continue to experience high losses and operational inefficien-
cies; many households still cannot get reliable, affordable, and high-quality ser-
vices; environmental pressures are mounting; and increasingly frequent extreme
weather events expose infrastructure systems to growing risks (Bagnoli and
Cavallo 2025; Blackman et al. 2025). Improving infrastructure services is, there-
fore, central to addressing the region’s productivity challenge, as discussed in
Chapters 1and 2.

The region’s infrastructure challenge reflects both insufficient investment
and weak performance of existing systems. Infrastructure investment remains
below that of other emerging economies, while weaknesses in asset manage-
ment, maintenance, and service delivery reduce the value obtained from existing
resources (Brichetti et al. 2021; Brichetti et al. 2026). According to data from
the Latin American and Caribbean Energy Information System, nearly 18 million
people in the region still lacked access to electricity in 2024, while electricity
losses averaged 14 percent of total supply. According to the Joint Monitoring
Programme (JMP) global database, access to safely managed water stagnated
at around 78 percent of the population, leaving approximately 142 million people
without safe water services, while access to safely managed sanitation has been
substantially below levels observed in high-income countries. Even where these
infrastructure services are available, reliability, quality, and affordability remain
persistent concerns (Pérez-Urdiales and Tojal Ramos Dos Santos 2024).

Traffic congestion is another significant challenge in a region with the highest
levels of urbanization in the world. Average travel speeds in Latin American and
Caribbean cities are typically between 15 and 25 kilometers per hour, compared
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with 25 to 50 kilometers per hour in European cities. Commuters in Bogot3,
Colombia, lose around 150 hours annually to congestion, and residents of Lima,
Peru, and Mexico City close to 200 hours (Bagnoli and Stisman 2026).

These shortcomings disrupt economic performance and affect quality of life.
Addressing them requires not only expanding infrastructure assets but increasing
the efficiency, reliability, and quality of the services they provide. The potential
gains of improving infrastructure are substantial. Cavallo, Powell, and Serebrisky
(2020), for example, estimate that increasing infrastructure-sector productivity
by about 5 percent from the baseline could raise average growth by 3.5 percent-
age points over a 10-year period in the countries analyzed. Extrapolating to Latin
America and the Caribbean, this represents more than US$200 billion of incre-
mental output over 10 years.

Digitalization and artificial intelligence (Al) offer new opportunities to improve
productivity and service delivery related to infrastructure. Digital technologies
such as sensors, smart meters, mobile applications, connected devices, and digi-
tal platforms generate large volumes of information about infrastructure systems
and their users. Al and advanced analytics can then use these data to forecast
demand, detect anomalies, optimize operations, identify maintenance needs, and
support decision making. In some cases, automation can translate these insights
directly into operational actions, such as adjusting network operations, dispatch-
ing repair crews, managing distributed energy resources, or optimizing traffic
flows (Alarcon and Quiros-Tortos 2025; Galo et al. 2023).

The distinction between gathering and using information matters because
much of the potential value of Al in infrastructure depends on the existence of
digital systems capable of generating timely, reliable, and interoperable data. In
infrastructure sectors, many digital technologies have been deployed for years,
but the application of Al to support operations remains at an earlier stage (Alvarez
Alonso et al. 2023). In practice, the transition from digitalization to Al in infra-
structure sectors is less about adopting new technology than about moving from
collecting information to using it effectively.

Technology alone, however, rarely improves infrastructure outcomes.
Information only creates value when organizations have the incentives, capabili-
ties, and governance arrangements needed to act on it. Infrastructure services
in the region are often delivered by a combination of public agencies, private
operators, concessionaires, and technology providers, making data governance,
interoperability, regulatory frameworks, and institutional coordination essential
complements to digital investments. The institutional capacity to transform infor-
mation into action is particularly important in transportation, where responsibili-
ties are frequently fragmented across many operators and authorities.

At the same time digital technologies support infrastructure systems, they
can create new pressures on them (Box 8.1). The rapid expansion of data centers
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and Al-related computing is raising the demand for electricity, water, and digital
infrastructure worldwide. While this may create investment opportunities for Latin
America and the Caribbean, it also highlights the need to ensure technological
transformation remains consistent with broader infrastructure, sustainability, and

development objectives (U.S. Department of Energy 2024; Bashir et al. 2024).

Powering Al: The Infrastructure Demands of Data Centers

Al is rapidly expanding demand for data center capacity. Data centers require a
great deal of electricity and water for computing and cooling (Xiao et al. 2025; World
Economic Forum 2025; Spindler, Fisher, and Hahn-Petersen 2025). In the United
States, existing data centers raised wholesale electricity prices by 2-6 percent
between 2021 and 2025, with larger effects in areas where the centers are
concentrated (Kay, Reaser, and Taylor 2026). Looking ahead, the magnitude of the
impacts that continue to take place will depend heavily on infrastructure investment.
Bogmans et al. (2026) estimate that, without investments in renewable generation
and transmission, the Al-related demand shock could raise U.S. electricity prices
by as much as 8.6 percent by 2030; with such investments, the increase may be
only 0.4 percent. The key issue is, therefore, not only how much energy and water
data centers consume but whether infrastructure can adjust to accommodate the
growing demand.

In major developed markets, data center expansion is increasingly held back
by limited power availability and environmental concerns (CBRE 2025). At the
same time, some Al-related workloads, particularly model training, can be located
farther from major end-user markets. The combination of capacity constraints in
established data center hubs and less stringent requirements elsewhere may cre-
ate opportunities for Latin America and the Caribbean, especially for locations with
reliable electricity, sufficient connection capacity, clean generation sources, ade-
quate water resources, strong digital connectivity, and regulatory credibility (Garcia
Zaballos et al. 2025).

Still, data centers create large, concentrated, and persistent loads that can require
substantial investments in generation, transmission, distribution, and water systems.
These pressures are particularly relevant in the region’s four largest data center
hubs—Sé&o Paulo, Brazil; Querétaro, Mexico; Santiago, Chile; and Bogotd, Colombia—
where rapid growth is increasing demands on power and other infrastructure systems
(CBRE 2026). Brazil illustrates the speed at which these pressures can develop; pro-
jected electricity demand by data centers associated with projects submitted to the
Ministry of Mines and Energy increased more than fivefold between 2024 and 2025
(EPE 2024, 2025). In Chile, water scarcity has also increased scrutiny of the water
requirements of cooling technologies (Tironi and Albornoz 2025). The policy chal-
lenge is, therefore, to coordinate the growth of data centers with timely electricity
and water infrastructure investment so expansion does not undermine affordability,
reliability, or environmental sustainability.
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This chapter examines how digitalization and Al can improve the efficiency,
equity, sustainability, and resilience of infrastructure systems for water, energy,
and transportation. Drawing on international and regional evidence, it argues that
the greatest gains are likely to emerge not from technology adoption alone but
from combining digital tools with the institutional, regulatory, and organizational
changes required to convert information into better infrastructure outcomes.

Theory of Change

How can digitalization and Al improve basic infrastructure across sectors in Latin
America and the Caribbean? Briefly put, the impact of those tools depends on how
they are adopted and integrated into infrastructure systems. Figure 8.1 presents
an organizing structure for the chapter, grouping digital technologies according
to the mechanisms through which they operate and the infrastructure outcomes
they may affect with respect to four challenges: high operational costs, access
and affordability gaps, environmental degradation, and vulnerability to
shocks. This structure helps identify what technologies can do in principle and
where adoption barriers, regulatory gaps, or contextual factors may prevent gains
from materializing.

As the figure suggests, digital technologies, including Al, improve
infrastructure outcomes through three mechanisms: data collection and
analytics, automation, and consumer experience and digital engagement.
Across these, digitalization generates the data, and Al-based methods extract
value from the data.

In terms of data collection and analytics, sensors, smart meters, and
connected devices generate continuous information on assets and service
delivery. Analytics can use these data to forecast demand, detect losses and
failures, prioritize maintenance, and improve planning across energy, water, and
transportation systems.

Figure 8.1. How Digital Technologies Affect Infrastructure Outcomes

Challenges Mechanisms Potential outcomes

High operational costs Data collection and analytics

Access and

affordability gaps Equity
Ukl Automation
Environmental Sustainability
degradation -
i Consumer experience and digital Resilience
Vulnerability to shocks engagement

Source: IDB staff.

Efficiency




BEYOND ADOPTION: MAKING DIGITAL TOOLS WORK FOR INFRASTRUCTURE

Automation involves linking digital monitoring and analytics to automated
control systems that adjust operations in real time, reduce human error, and
improve responsiveness to changing conditions. Applications include grid
management, automated pumps and valves, and traffic management systems.

Consumer experience is shaped by digital platforms, mobile applications,
and user interfaces that can make infrastructure services easier to access, more
transparent, and more responsive. These can simplify billing and payment, pro-
vide users with information on consumption and service conditions, and generate
additional data for planning and management. Al can further improve engagement
by personalizing messages, recommendations, and customer support based on
users’ needs and behavior.

The use of these digital tools has the potential to affect four main outcomes
for infrastructure: efficiency, equity, sustainability, and resilience.

Regarding efficiency, digital technologies can reduce the costs of providing
services and enhance provider performance by improving measurement, reduc-
ing losses, optimizing operations, and automating routine tasks.

Digital tools can raise equity in access to infrastructure by reducing bar-
riers to services and subsidies, improving targeting, identifying deficits in ser-
vice quality, and making service delivery more responsive to underserved users.
The equity benefits of digitalization are not automatic, however; they depend on
deliberate efforts to design tools and platforms that are accessible and relevant
to broad segments of the population.

Digital technologies can enable sustainability by using resources efficiently
and by enabling the integration of renewable energy into the electricity genera-
tion matrix and facilitating the transition to circular infrastructure systems. In the
energy sector, smart grids and demand response programs allow for the flex-
ible integration of variable renewable energy. In water management, sensors and
analytics can optimize the use of scarce resources, detect and prevent pollution,
and support the reuse and recycling of water and nutrients. In transportation,
digital platforms can promote shared mobility, reduce congestion and pollution,
and support the shift to electric vehicles.

Real-time monitoring, predictive analytics, and automation can support
resilience by helping infrastructure systems anticipate disruptions, respond more
quickly, and maintain continuity of critical services. In the aftermath of disasters,
digital platforms can support rapid damage assessment, resource allocation, and
communication with affected populations (Cavallo, Cavallo, and Rigobon 2014).

Within this framework, rigorous empirical evidence, mostly from high-income
countries, can inform strategies for the implementation of digital technology in
basic infrastructure services in Latin America and the Caribbean. New research
from the region can build on these insights to provide a better understanding
of how local adoption patterns, consumer behavior, and regulatory frameworks
shape the effectiveness of these technologies.
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Evidence of Effectiveness

The discussion that follows is organized around the three mechanisms identified
above—data collection and analytics, automation, and consumer engagement—
and assesses how each contributes to efficiency, equity, sustainability, and resil-
ience, first in water and energy and then in transportation. It examines where
digital technologies have delivered measurable gains and where complementary
investments, incentives, and institutional capacity have been necessary for those
gains to materialize. The case studies in the accompanying boxes illustrate this
central message, showing both the gains already realized by digital and Al-based
tools in the region and the complementary conditions needed for them to deliver
their full potential.

Water and Energy

Smart meters and the use of machine learning for fraud detection illustrate how
digital technologies can improve infrastructure service delivery through better
data and analytics, while also highlighting the need for complementary invest-
ments and incentives to realize their full potential.

Smart Meters: Data, Automation, and User Engagement Combined.
Smart meters, which are among the most widely studied digital technologies in
water and energy infrastructure, provide a concrete application of the analyti-
cal framework, accounting for all three of the transformation mechanisms it sets
forth. First, the meters generate high-frequency consumption data and enable
advanced analytics for forecasting demand, detecting losses, and planning oper-
ations; second, they facilitate automated grid and network management; and,
third, they strengthen consumer engagement by providing real-time feedback
and supporting digital billing platforms. Through these channels, smart meters
can improve efficiency, sustainability, resilience, and, under the right conditions,
equity, providing a useful illustration of how the three mechanisms can jointly
influence all four framework outcomes.

The empirical evidence broadly supports the efficiency gains from smart
metering, though their magnitude depends on how the technology is imple-
mented. Smart meters can improve measurement, reduce losses, lower operating
costs, and enhance reliability. In the United States, their rollout increased util-
ity revenues by 1-2 percent, reduced energy losses by 4-7 percent, shortened
outage duration by 7-8 percent, and reduced employment in meter reading by
18 percent (Meeks, Pless, and Wang 2025).

Real-time feedback and personalized information can change household
water and energy use by making consumers more aware of their consump-
tion and providing actionable guidance. In the Canary Islands, online access to
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water-use information reduced consumption by 2 percent (Daminato et al. 2021),
while daily feedback through a mobile app reduced consumption by 6 percent
in California. Among high-use households, the effects were larger when leak
alerts were included (Nemati, Buck, and Soldati 2025). Similar effects have
been documented for electricity; individualized messages reduced energy use
among low-income households in Europe (Podgornik, Sucic, and Blazic 2016),
while evidence from the United States and Japan shows responses depended
on baseline consumption and how information was presented (Lynham et al.
2016; Matsukawa 2018). Together, these findings suggest digital engagement
is most effective when information is timely, personalized, and linked to clear
actions.

In Latin America and the Caribbean, water and energy utilities are still in
the process of implementing smart metering systems. As shown in Figure 8.2,
the rollout of these devices in the energy sector remains limited compared to
other emerging market economies and to OECD countries. This gap reflects
not the maturity of the technology but the conditions for its diffusion—
namely, the regulatory frameworks, utility business models, and institutional
and financial capacity to invest, which have yet to catch up with what is tech-
nically feasible.

Figure 8.2. Smart Meter Adoption
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Source: IDB staff calculations, based on data from the International Energy Agency (IEA), 2021, and popula-
tion data from the World Development Indicators, World Bank, 2021.
Note: The figure shows the use of smart meters as a proportion of total electric residential meters in 2021.
Reported values are population-weighted averages across countries with available data. OECD and emerg-
ing market economies exclude Latin American and Caribbean countries. Emerging market economies follow
the International Monetary Fund classification (IMF 2025b, Table A).
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Research in the region has focused primarily on the adoption of basic meter-
ing technologies. The existing evidence in Colombia and Ecuador shows that
installing individual meters can substantially reduce household consumption
(McRae 2024; Carrillo, Contreras, and Scartascini 2024). Box 8.2 extends this
discussion by presenting new evidence on the effects on efficiency and reliability
of energy smart meters in Brazil.

Energy Smart Meters in Brazil

In the Brazilian electricity sector, the adoption of smart metering and other tech-
nologies needed to build a smart grid is relatively recent. Between 2021 and 2023,
the share of smart meters among nearly 99 million residential electricity consumers
increased from 0.8 percent to 2.6 percent.? The expansion was driven primarily by five
distribution utilities operating in different Brazilian states, spanning the country from
north to south. An analysis conducted for this book uses consumer-level data from
the Brazilian regulator (ANEEL) to estimate the effects of smart meter deployment
through an empirical methodology that exploits variation across households in the
timing of deployment.

Figure B8.2.1. Causal Effects of Smart Meters on Measured Consumption
and Outage Frequency
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Source: IDB staff calculations, based on data from ANEEL in Brazil.
Note: Effects are estimated using a staggered differences-in-differences design exploiting variation
in the timing of smart meter deployment across consumers between 2021 and 2023.
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Energy Smart Meters in Brazil (continued)

As presented in Figure B8.2.1, the results show that smart meter deployment
increases recorded electricity consumption by 8.4 percent and, consequently, con-
sumers’ electricity bills. The increase may reflect more accurate measurement by
smart meters, changes in household behavior, or both; the analysis cannot separate
these channels.

In terms of resilience, as also shown in Figure B8.2.1, the estimated effects of
smart meters on outage frequency and duration are negative but not significant. This
result is explained largely by the physical location of smart meters at the distribution
network’s endpoint—inside or near consumers’ premises. Most outages originate from
failures in upstream infrastructure, particularly in the segments between substations
and neighborhood feeders. As a result, smart meters by themselves are insufficient
to mitigate outages.

As in the United States and Europe, the clearest documented impact of smart
meters in Brazil has been improved measurement and billing. In contrast, the expected
gains in sustainability, such as reductions in losses and overall consumption, and in
resilience, such as fewer or shorter outages, have been limited or have not yet mate-
rialized. To influence consumption decisions, especially during peak hours, utilities
must combine smart meters with dynamic pricing or other tariff designs that create
clear incentives to shift or reduce electricity use. Reducing the frequency or dura-
tion of outages requires complementary investments in maintenance, field crews, and
upgrades to the physical distribution network.

2 Statistics computed by the authors, based on data from the Brazilian regulator (ANEEL).

Despite these promising results, the actual benefits of smart technologies
often fall short of engineering expectations. Ultimately, user behavior and incen-
tives determine whether the efficiency and sustainability gains from digitaliza-
tion are realized. Brandon et al. (2022) find that smart thermostats, which were
designed to optimize energy use automatically, did not lead to energy savings
because users frequently overrode the preset temperature settings.

To ensure digital tools translate into tangible improvements, they must be
complemented with appropriate pricing and policy mechanisms. Smart meter-
ing, for example, enables providers to introduce time-varying prices that reflect
changes in supply and demand during the day. Experiments in the state of
Connecticut in the United States and in Ireland show that combining dynamic
pricing with real-time feedback reduces peak electricity demand (Jessoe and
Rapson 2014; Carroll, Lyons, and Denny 2014).

Machine Learning to Detect Leaks and Fraud. In addition to smart meters
for measuring usage, water utilities are increasingly using sensors and machine-
learning algorithms to detect leaks and monitor network integrity. These tech-
nologies analyze flow and pressure data to identify anomalies that may indicate
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water losses or infrastructure failures (Lee and Kim 2023; Romero-Ben et al.
2023). Water companies in Michigan, for example, are using machine-learning
models to target maintenance efforts more efficiently and protect public health
(Abernethy et al. 2018).

While this line of research stresses the operational promise and cost-saving
potential of data-driven monitoring, most studies remain descriptive, focusing
on technological capabilities rather than providing rigorous evidence of their
effectiveness once they have been implemented. These applications do, how-
ever, represent an extension of the data collection and analytics mechanism of
the framework, with expected benefits concentrated in efficiency and resilience.
To illustrate how these tools are being deployed in practice and the difficulties
of integrating them into existing systems, Box 8.3 examines the use of machine
learning by a water utility to detect fraud in Quito, Ecuador. The case illustrates
a central lesson of this chapter: Al can change how utilities prioritize inspections,
but analytical improvements produce operational gains only when they adapt
field procedures, feedback loops, and enforcement practices.

AquaData: Machine Learning versus Water Fraud

Fraud is a big problem for utilities. In Latin America and the Caribbean, water utilities
report that approximately 30 percent of water fails to generate revenue because of
leaks, inaccurate metering, unauthorized consumption, and other losses. Reducing
fraud, therefore, can free resources to expand the coverage and quality of water ser-
vices while easing tariff pressure on paying customers (Fay et al. 2017).2

AquaData is an initiative of the Inter-American Development Bank (IDB), piloted
with EPMAPS, the water utility in Quito, Ecuador, to curb fraud and related irregu-
larities using machine learning. The model uses historical billing and inspection data
to estimate the probability of irregularities for each connection. Before AquaData,
EPMAPS already targeted inspections based on digitalized billing records, relying pri-
marily on traditional indicators such as zero consumption and other evident anom-
alies. AquaData expands this approach by applying a broader set of consumption
patterns to rank accounts according to predicted fraud risk.

Figures B8.31 and B8.3.2 compare inspections selected using AquaData
(“Algorithm”) with inspections selected through these traditional methods (“Other”).

Algorithm-guided inspections have increased since AquaData was introduced,
but they have not yet produced a higher rate of confirmed infractions than traditional
targeting, as shown in Figure B8.3.2. The algorithm does identify a different set of
cases, including higher-consumption accounts and a greater share of meter-damage
infractions, but these differences have not yet translated into higher infractions per
inspection. Possible explanations include the continued parallel use of legacy target-
ing, conservative thresholds during early deployment, operational frictions in the field,
and greater difficulty verifying irregularities among some high-consumption accounts.

(continued on next page)
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Figure B8.3.1. EPMAPS Inspections using AquaData versus Other Methods
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Note: EPMAPS is the public water utility serving Quito, Ecuador. “Algorithm” refers to inspections selected
using AquaData, a machine-learning model that ranks customer accounts based on their predicted proba-
bility of irregularities. “Other” refers to inspections selected using EPMAPS's traditional targeting methods.

Figure B8.3.2.
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(continued on next page)
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AquaData: Machine Learning versus Water Fraud (continued)

In sum, the digitalization of billing records provides a foundation for the system-
atic detection of fraud. Realizing the full benefits of this digital transformation, how-
ever, requires adjustments in operational routines, coordination between analytical
and field teams, and continued fine-tuning of the algorithm.

2 As mentioned above, fraud is also pervasive among energy consumers. In Rio de Janeiro,
Brazil, research documents stolen energy equivalent to more than half of the formal market’s
size, and simulations show that, by eliminating theft, utilities could reduce billed prices by
18 percent (Resende et al. 2025).

Transportation

Evidence from smart cards, digital sensors, Al, and mobility platforms shows how
digital technologies can improve transportation efficiency, planning, and subsidy
targeting. It also highlights the importance of complementary policies and institu-
tional capacity to translate information into better outcomes.

Smart Cards for Pricing, Subsidies, and Planning. In the transportation
sector, rapid digital transformation is increasingly powered by two major sources
of data: urban sensors and mobile applications (Selod and Soumahoro 2020).
Urban sensors include technologies such as smart cards, digital toll systems, and
cameras that capture information on vehicle movements and public transporta-
tion use. Mobile applications collect data directly from users’ devices, generating
real-time information on travel demand and mobility patterns. Together, these
tools provide continuous, high-frequency data that enable authorities to address
congestion, accidents, fare evasion, and the overall performance of transporta-
tion systems. Although the causal evidence remains more limited than in water
and energy, a growing literature has begun to identify the effects of digital tech-
nologies and Al on transportation outcomes.

Smart cards have evolved from fare-collection tools into rich data systems
for subsidy administration, demand analysis, and transit operations. Personalized
cards can automatically apply discounted fares to eligible users, while transaction
data can be used to estimate fare elasticities and responses to price changes
(Kholodov et al. 2021; Guzman et al. 2021). Smart card data can also support
operational and security analysis by, for example, allowing the identification of
unusual travel patterns associated with theft and accounting for fare evasion to
improve origin-destination matrices (Gu et al. 2019; Munizaga, Gschwender, and
Gallegos 2020). Box 8.4 discusses how smart cards have enabled monitoring of
ridership patterns, fare collection, and subsidy targeting in Bogota's Bus Rapid
Transit (BRT) system, resulting in gains in both efficiency and equity through the
mechanism of consumer experience and digital engagement.
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Smart Cards and Bogota’s Bus Rapid Transit System

The deployment of smart card technology in the BRT system in Bogota, Colombia, has
enabled detailed monitoring of ridership patterns, fare collection, and subsidy target-
ing. Analysis of publicly available data illustrates two important roles played by smart
card technology in the system.

First, smart cards enable precise and automatic subsidy targeting. By September
2025, 69 percent of passengers used personalized cards, which are required to
receive transportation subsidies, and 17 percent of all users paid a subsidized
fare. Among subsidy recipients, 48 percent were older adults, 43 percent qualified
through SISBEN, and 9 percent were people with disabilities.? The system applies
the appropriate discounted fare automatically at entry, reducing paperwork and
administrative intervention and making targeted subsidy delivery easier to imple-
ment at scale.

Second, the technology provides granular data to monitor the effects of policy
changes. In February 2025, the government implemented a fare increase alongside
a reform of subsidy eligibility, which raised the share of users paying the standard
rate from 79 percent in January to 87 percent in February. The smart card data
allowed the tracking of these shifts in real time and showed broadly stable rider-
ship patterns in subsequent months. This kind of evidence is valuable for evaluat-
ing policy reforms and informing future decisions on fare structure and subsidy
design.

Using smart card data, Guzman and Hessel (2022) show that a 2017 subsidy for
low-income users substantially increased ridership among beneficiaries, although the
effect eventually faded. Guzman et al. (2025) reports results from an experiment that
randomized monthly travel vouchers delivered through personalized smart cards to
low-income riders. They find that the benefit increased BRT use, reduced reliance on
regular buses, and, ultimately, shortened travel times.

Smart cards can streamline subsidy delivery and generate granular information
on system use, but their impact depends on the policies and institutions surrounding
the technology. Eligibility rules must determine who benefits, access channels must
accommodate users with limited digital literacy, and service providers must have the
analytical capacity and procedures to translate transaction data into better planning
and service delivery.

a SISBEN (Sistema de Identificacion de Potenciales Beneficiarios de Programas Sociales) is
Colombia’s official system for classifying individuals and households according to their socio-
economic status. It is used to determine eligibility for social programs and subsidies, including
transportation discounts, by assigning a score based on such factors as income, living condi-
tions, and vulnerability. As discussed in Chapter 7, integrated digital systems that link rich
individual-level data can improve the targeting of social programs, including utility subsidies,
to disadvantaged populations.
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Digital Sensors, Al, and Mobility Platforms. Digital sensors can improve
traffic management by generating real-time information on vehicle flows, con-
gestion, and enforcement. In the United States, electronic toll collection in New
Jersey and Pennsylvania reduced pollution exposure and improved birth out-
comes, including an 11 percent decline in premature births and a 12 percent
decline in low-birthweight births (Currie and Walker 2011). Digital monitoring
alone may be insufficient to change behavior, but it can strengthen the effec-
tiveness of complementary policies. While traffic cameras in Texas did not lower
accident rates (Gallagher and Fisher 2020), speed-limit reductions in Sdo Paulo
did produce reductions in accidents on roads monitored by speed cameras (Ang,
Christensen, and Vieira 2020).

At the same time, data from Global Positioning System (GPS) devices and sen-
sors embedded in public transportation fleets are being used to evaluate the effi-
ciency of dedicated bus lanes and optimize route planning, as shown by Gonzalez
Ramirez and Silva (2025) in their analysis of bus operations in Chile. Video data
combined with machine-learning methods have also been used to identify pedes-
trian safety risks around BRT stations and bus stops in Mexico City (Perez Villasenor
et al., forthcoming). Box 8.5 discusses how digital technologies and Al are being
applied in Bogotd's TransMilenio BRT system to improve efficiency and safety.

TransMilenio: Al for Operations, Safety, and Maintenance

TransMilenio, S.A., the operator of Bogotd's Bus Rapid Transit system, has adopted a
range of digital and Al-based tools to enhance operational efficiency, safety, and user
experience (see Box 8.4 for a discussion of its use of smart cards). Through its fleet
control and data management centers, TransMilenio's system collects extensive data—
including GPS coordinates, trip details, and real-time operational events and alarms—
based on sensor readings from 18 devices aboard each bus. The information is used to
process a range of 23 operational events, from ignition at the beginning of the day to
shutdown at the end. It also records alarms, such as sudden acceleration or braking.
These data streams are used for real-time safety monitoring, regulatory compliance,
predictive maintenance, incident investigation, and targeted safety campaigns.
TransMilenio's analytical models include monitoring of real-time speed and brake
wear, detection of anomalous driver behavior (including microsleep events), and
automated verification of buses’ adherence to routes. For the electric fleet, energy
management models supervise battery charging and project battery lifespan. Computer
vision models, based on YOLO, a widely used real-time object detection algorithm,
are used to analyze passenger flows and station access times, in turn supporting
queue management and resource allocation.? Rapid response and corrective actions
are enabled by automated reporting systems that generate daily operational summaries

(continued on next page)
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TransMilenio: Al for Operations, Safety, and Maintenance
(continued)

and send critical alerts to concessionaires via WhatsApp. Geofencing technology refines
the tracking of vehicles, stations, and depots based on satellite GPS data.

Implementation of these technologies has presented several challenges, notably
the need to manage operational costs within public sector budgets. TransMilenio has
sought to address these obstacles by adopting scalable cloud infrastructure, devel-
oping analytical models and messaging services internally, and optimizing existing
monitoring platforms through contract renegotiation and internal expertise. According
to TransMilenio, these strategies reduced costs and allowed the company to reinvest
resources in further system improvements.

2YOLO stands for “You Only Look Once.” TransMilenio uses YOLO models to detect and count
passengers automatically and measure access times at stations by analyzing video feeds,
enabling efficient monitoring and management of passenger flows.

b Geofencing refers to the creation of virtual geographical boundaries using GPS or similar
technologies. When a vehicle enters or exits these predefined zones, the system triggers
alerts or actions. In public transportation systems like TransMilenio, geofencing is used to
monitor fleet location, ensure route compliance, and improve operational control.

The growing use of mobile and ride-share applications has introduced other
forms of digitalization to urban mobility. Platforms such as Uber, Lyft, Waze, and
Google Maps that generate real-time data on individual trips and traffic conditions
allow both users and policymakers to make better decisions. Empirical evidence
indicates the applications can influence congestion patterns in both positive
and negative ways. On the one hand, navigation apps have been shown to help
dissipate congestion in urban areas, as documented in California (Bagabaldo
et al. 2024). On the other, Uber and Lyft decreased traffic speed in Texas by
2.3 percent (Tarduno 2021).

Because take-up and use remain unequal, not everyone reaps the same
benefits from mobile and ride-share applications. Studies of Medellin, Colombia,
and Mexico City show that ride-hailing adoption varies with age, education,
income, and concerns about personal security on public transportation (Bedoya-
Maya et al. 2022; Sabogal-Cardona et al. 2021; Oviedo, Sabogal-Cardona, and
Scholl 2025). These technologies can produce measurable efficiency and resil-
ience gains for users and operators, but their broader environmental and equity
effects depend on whether cities embed them in effective planning, regulation,
pricing, data governance, and service delivery systems.

Policy Recommendations

Digital technologies can help infrastructure providers deliver more and better
services with existing resources. By reducing losses, enhancing asset utilization,
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strengthening reliability, expanding access, improving affordability, and sup-
porting more sustainable resource management, use of these tools can raise
the productivity of infrastructure systems and lower costs for households and
firms. The evidence reviewed in this chapter also shows that these gains do not
emerge automatically from technology adoption alone, however. Realizing their
full potential requires complementary policies, incentives, institutional capacity,
and organizational changes that allow the information and analytical capabilities
generated by digital technologies to translate into better decisions and opera-
tional improvements. Three policy actions should, therefore, be prioritized.

Deploy smart meters as part of integrated water and energy systems.
Utilities and regulators should deploy smart meter programs as part of broader
operational reforms rather than as isolated technology investments. Utilities
should use meter data to improve billing, reduce losses, manage demand, and
strengthen grid operations. They should provide customers with digital interfaces
that offer timely feedback on consumption and prices and use Al tools to person-
alize alerts and recommendations. Utilities should also coordinate smart meter
deployment with maintenance and upgrades to distribution networks so that
better information translates into fewer and shorter outages. Regulators should
establish interoperability, cybersecurity, and data-access standards before large-
scale deployment and approve time-varying tariffs that encourage consumers to
shift or reduce consumption during high-cost periods. They should also incor-
porate efficient smart meter investments into cost-recovery frameworks to give
utilities incentives to deploy and maintain the technology.

Benchmark Al applications for water and energy operations before scaling
up their use. Water and energy utilities should use Al as a decision-support tool
rather than assume algorithmic solutions automatically outperform existing prac-
tices. They should test Al models against existing targeting approaches using
operational metrics such as detections per inspection, losses recovered, repairs
completed, and maintenance costs avoided. Before deploying Al models, utility
managers should ensure data are standardized and continuously updated. Utilities
should combine billing records, meter data, and network sensors to identify leaks,
fraud, abnormal consumption, and other losses and to prioritize inspections and
maintenance. Managers should design workflows that assign high-risk cases to
field teams and ensure field outcomes feed back into the models. Regulators
should require human review before Al-generated flags trigger fines, disconnec-
tions, or other enforcement actions.

Integrate data for transportation operations. Transportation authorities
should treat data integration as core infrastructure rather than a technology
project. They should use Al and advanced analytics to forecast demand, identify
underserved areas, optimize routes and service frequencies, predict maintenance
needs, detect incidents, and improve the timing of traffic signals. They should
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pilot new applications, evaluate them against outcomes such as travel times, reli-
ability, safety, congestion, and operating costs, and scale up their use only when
they generate measurable improvements. Metropolitan transportation agencies,
transit operators, and traffic management authorities should integrate data from
smart cards, fare collection systems, vehicle fleets, GPS devices, traffic sensors,
cameras, and mobility platforms. They should connect predictions to predefined
operational responses, such as dispatching additional vehicles, adjusting sched-
ules, reallocating maintenance crews, or modifying signal plans. Governments
should invest early in staff capacity, cybersecurity, interoperability standards,
and safeguards for passenger and location data.
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Digital Tools for Safer
Societies

Beyond its direct human costs, crime discourages investment, erodes trust in
institutions, and weakens state legitimacy (Besley and Mueller 2018; Brown
et al. 2019; Pinotti 2015).! Increasingly, governments in Latin America and the
Caribbean have turned to digital technologies to strengthen crime prevention and
improve public safety. The hope is that these technologies will allow the secu-
rity sectors in the region to leapfrog (as Chapter 1 puts it) toward more efficient
and equitable performance by accelerating administrative processes, helping
agencies with limited resources do more, and enabling more precise targeting of
enforcement and prevention efforts. Yet their adoption has often outpaced both
the evidence on their effectiveness and the institutional conditions they require
to deliver results. The results can be costly: investments that fail to improve pub-
lic safety and, where safeguards are weak, intrusive surveillance and discrimina-
tory enforcement.

This chapter reviews evidence concerning numerous digital technologies
intended to support crime prevention, policing, justice, and the penal system
in Latin America and the Caribbean. It assesses the causal evidence on their
effectiveness, examines patterns of adoption across the region, and identifies the
institutional conditions under which these tools are most likely to deliver results.
It also considers the governance arrangements needed to limit misuse, protect
individual rights, and ensure technological capacity translates into better public
safety.

Three conclusions stand out. First, the strongest causal evidence is
concentrated in a narrow set of applications, particularly technologies that

" The Inter-American Development Bank Group’s Institutional Strategy 2024-2030 identi-

fies three core strategic objectives (reducing poverty and inequality, addressing climate
change, and fostering sustainable regional growth), with institutional capacity, rule of law,
and public safety as cross-cutting focus areas. Evidence shows that crime and violence
directly undermine the three objectives (Perez-Vincent et al. 2024).
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increase the certainty of detection in high-crime places and those that
mitigate the negative consequences of incarceration by replacing it with
community supervision. Second, adoption in Latin America and the Caribbean
has systematically favored visible, hardware-intensive investments over the
foundational information systems—such as interoperable case management,
data governance, and investigative infrastructure—on which many of those
investments depend. And, third, technology has the greatest impact when it
complements capable institutions rather than when it is used as a substitute for
them. Where institutional foundations, governance safeguards, or accountability
mechanisms are weak, the same tools that succeed elsewhere can be expensive,
underused, ineffective, or harmful.

The chapter closes with policy recommendations that echo the primary
message of this book: that technological adoption should be accompanied by
investmentsin data quality, institutional coordination, transparency, accountability,
privacy, and safeguards against misuse. Specifically, countries should prioritize
the development of interoperable justice information systems, use local data to
direct prevention and enforcement resources toward the places and populations
where they can have the greatest effect, and deploy more advanced tools where
the evidence suggests they can address specific problems, such as excessive
pretrial detention and incarceration. The returns to digitalization, therefore,
depend not only on which technologies governments adopt but on how they are
embedded in the institutions that use them.

Obstacles to Crime Control and the Role of Technology

Crime can be reduced by preventing individuals from engaging in criminal activ-
ity (prevention), increasing the probability that crimes are detected and offend-
ers are identified (deterrence), and restricting the ability of offenders to commit
further crimes (incapacitation; Chalfin and McCrary 2017). Digital technologies
can strengthen these institutional functions by improving the information avail-
able to decision makers, increasing operational efficiency, and enabling more
precise targeting of scarce resources. The discussion that follows examines the
main impediments encountered by crime control institutions in the region and the
scope for technology to overcome these challenges.?

2 This discussion is schematic and should not be read as a set of independent problems.

Prevention, policing, courts, and penal systems are embedded in an interconnected insti-
tutional chain. Weaknesses in one part affect performance in others. Weak investigations,
for instance, produce thin case files that courts struggle to process, while court congestion
contributes to pretrial detention and prison overcrowding. Interventions at one stage may
be undermined—or reinforced—by conditions elsewhere in the system.
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Prevention: Reactive Spending and Weak Targeting

Compared to police, courts, and prisons, prevention receives only a small share
of the public money that is spent on security in Latin America and the Caribbean
(Serrano-Berthet 2018). Evaluations of large-scale prevention interventions show
that those that are government supported have mixed or null results (Martinez
Palomares 2019; Sanchez et al. 2021). Flawed program design and limited fund-
ing may partly explain this, but weak targeting may also reduce the effectiveness
of the interventions.

Crime tends to be highly concentrated in both place and population. A large
share of incidents occur in a small fraction of locations (Chainey, Serrano-Berthet,
and Veneri 2021), and violence is disproportionately prevalent among high-risk
groups (De Lima Friche et al. 2023; UNODC 2023). Yet prevention programs in
the region are typically widely applied rather than directed toward the places
and individuals where the marginal returns to prevention spending are likely to
be highest. Targeting resources effectively requires timely and granular informa-
tion on where risks are concentrated and who is most exposed—information that
can be costly to assemble, update, and process, particularly when administra-
tive records are fragmented. Digitalization can improve access to information and
make more precise targeting feasible at scale by creating and integrating admin-
istrative data, identifying high-risk populations and locations, and helping tailor
outreach and access to education, training, or social services for hard-to-reach
groups. Tools that classify individuals or neighborhoods by risk, however, can
also reproduce biases in the underlying data or be used in ways that stigma-
tize particular groups. Avoiding such bias requires safeguards, transparency, and
institutional oversight.

Policing: Low Investigative Capacity

Policing in Latin America and the Caribbean is characterized by an inability to
resolve violent incidents by identifying suspects, building viable cases, and
securing convictions. In Chile, prosecutors recorded a known suspect in around
61 percent of 2023 homicide cases, a share that fell to 43 percent for homicides
linked to organized crime (Fiscalia Nacional de Chile 2024). In Brazil, 36 percent
of homicides committed in 2023 had led to formal charges by the end of 2024
(Instituto Sou da Paz 2025). And in Mexico, state prosecutors identified a suspect
in only 17 percent of investigations of intentional homicide between 2010 and
2022 (HRW 2025).

Part of this deficiency can be attributed to low public trust in police, which
cripples efforts to clear cases by reducing crime reporting and withess coop-
eration. In surveys conducted in Latin America and the Caribbean, 61 percent
of respondents say they have little or no trust in the police (Lupu et al. 2023).
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In contrast, 67 percent of respondents in Organisation for Economic Co-operation
and Development countries outside the region report that they trust police (OECD
2022). Case clearance in the region is also undermined, however, by institutional
weaknesses related to information collection, sharing, and processing, including
fragmented information systems, limited forensic capacity, and lack of coordina-
tion between police and prosecutors (HRW 2025).

Technology can help by strengthening the information base on which
investigations depend, specifically by linking incident records to suspect
identifiers, consolidating forensic and digital evidence, and enabling data-driven
deployment of patrol resources. Surveillance systems, biometric tools, digital
evidence management, crime mapping, and analytical systems can all improve
suspect identification and the construction of viable cases. These may reduce
crime through deterrence and incapacitation.

Courts: Structural Congestion and Pretrial Detention

Congestion in its justice institutions impairs the speed and perceived fairness
of legal sanctions in Latin America and the Caribbean. Data from the Centro de
Estudios de Justicia de las Américas (CEJA) show that, between 2022 and 2024,
the regional judicial resolution rate—defined as the ratio of cases resolved to cases
initiated—was around 0.92, below the threshold of 1.0 required to prevent a back-
log (CEJA 2025). While the regional congestion rate—the ratio of active cases to
resolved cases within a specific year—declined from 2.811in 2022 to 1.98 in 2024, it
remained well above the range of 1.0 to 1.5 associated with manageable caseloads.

One effect of congestion is to extend periods of pretrial detention, thereby
increasing the number of pretrial detainees at any given time. Greater congestion
in regional justice institutions compared to those in Europe can account for data
from the UNODC (2025) showing that approximately 33 percent of prisoners in
the region are in pretrial detention, compared with 17 percent in Europe. Lengthy
periods of pretrial detention have adverse consequences: Detained defendants
are more likely to plead guilty, even when innocent, and acquire criminal records,
reducing subsequent formal-sector employment and increasing future offending
(Dominguez and Lazcano 2025; Dobbie, Goldin, and Yang 2018).

The use of digital technologies is promising for improving the administration
of justice. Digital case management and electronic filing, scheduling systems, and
structured records may increase efficiency by reducing delays and facilitating
case flow, thereby diminishing both the need for and duration of pretrial confine-
ment. Risk assessment tools can also inform pretrial and sentencing decisions,
helping courts impose custodial measures more selectively. To the extent that
these tools reduce delays in the application of judicial sanctions, they strengthen
deterrence; to the extent that they improve the targeting of detention, they sup-
port more effective incapacitation.
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Penal Systems: Overcrowding and Other Conditions

Conditions in penitentiary systems across much of Latin America and the
Caribbean prevent rehabilitation and can perpetuate rather than reduce crime.
World Prison Brief data from 2025 show prison occupancy rates of 113 percent
in Mexico, 136 percent in Brazil, 163 percent in El Salvador, 248 percent in Peru,
and 274 percent in Bolivia. Overcrowding is compounded by staffing shortages.
Whereas European prison systems average approximately 1.6 inmates per staff
member, Brazil, Central America, and Mexico operate with ratios of around 6
inmates per staff member (Aebi and Cocco 2024; INEGI 2024). Such conditions
have consequences inside and outside prisons. Data collected by the UNODC
indicate that the number of intentional homicides per 100,000 prisoners is
more than twice as high in Latin America and the Caribbean (5.8) as in Europe
(2.5), while Tobdn (2022) and Jaramillo (2026) find that former prisoners and
their peers are more likely to engage in criminal activity than others in their
neighborhoods.

Although digital technologies cannot directly reduce overcrowding or expand
prison capacity, they can enhance the identification and management of prison-
ers by supporting better prisoner classification, improving access to rehabilitation
resources, and facilitating alternatives to incarceration. Better classification and
access to appropriate rehabilitation can contribute to lower recidivism (Tobdn
2022), while alternatives to incarceration, such as electronic monitoring, can pre-
serve labor-market and family ties that make reoffending less likely (Di Tella and
Schargrodsky 2013; Williams and Weatherburn 2022).

A Cross-Cutting Constraint: Weak Information Infrastructure

The challenges confronting prevention efforts, policing, justice, and penal insti-
tutions are compounded by weak information infrastructure. Fragmented case
management systems, incomplete digital records, poor interoperability across
agencies, and limited analytical capacity make it difficult to allocate resources
strategically and coordinate across the criminal justice system, and to identify
where cases or processes break down.

While digital technologies can help by making information more complete,
accessible, and usable across institutions, as discussed above, having better
information does not by itself improve crime control. Institutions must be able
to incorporate that information into their operations—to allocate resources, for
example, coordinate cases across agencies, or identify and respond to delays.
New systems introduced without this underlying capacity may simply add
technological complexity without improving performance (Andrews, Pritchett,
and Woolcock 2017).
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What the Evidence Says

The chapter so far has pointed to areas where digital tools have the poten-
tial to improve crime control institutions. This section surveys evidence about
whether they work. It looks at their success in improving targeting and program
delivery in social prevention, raising the certainty and speed of detection in
policing, reducing delay and improving the quality of decision making in courts,
and strengthening community supervision and prison management in the cor-
rectional system.?

Rigorous quantitative studies on the effectiveness of many of these tech-
nologies remain scarce in Latin America and the Caribbean and, for some newer
applications, particularly those involving artificial intelligence (Al), are largely
absent. In cases where no evidence from the region is available, therefore, the
discussion that follows introduces relevant evaluations from other regions. This
evidence does not mean that similar effects will necessarily arise in Latin America
and the Caribbean, given differences in institutional capacity, legal frameworks,
data quality, and patterns of crime. Rather, it provides a reference for identify-
ing promising interventions, understanding the mechanisms by which they may
operate, and prioritizing reforms and technologies for adaptation and rigorous
evaluation in the region.

The available evidence is also uneven across technologies. Some
applications—particularly hotspot policing, closed-circuit television (CCTV),
and electronic monitoring—have been evaluated repeatedly using credible
causal designs. Others, including integrated command centers and broad justice
digitalization programs, have been widely deployed but rarely evaluated against
crime outcomes, partly because their effects operate through longer and more
complex causal chains.

Table 9.1 summarizes the evidence that is discussed in greater detail below,
as well as the extent of adoption across the region of the technologies discussed
here. As the table and discussion make clear, the strongest evidence supports
the use of tools that raise the certainty of detection, deterring crime, or that pro-
vide alternatives to incarceration. Less evidence is available on tools that improve
administrative efficiency.

3 The chapter concentrates on conventional crime control technologies and the institutions

that use them rather than examining technology-enabled crimes, such as cyber-enabled
fraud, ransomware, and Al-assisted scams, which require distinct enforcement capabilities
and regulatory approaches.
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Table 9.1. Evidence on Technology and Crime in Latin America and the

Caribbean
Available evidence
Adopted in the
Technology Global Regional region? Key limitations
CCTV Yes (18-57% crime  Yes Most major Possible crime
reduction in some cities displacement
settings)
CCTV + facial Only correlational No Pilots Demographic bias
recognition risk
DNA databases  Yes (Denmark, No 13 countries Requires forensic
United States) capacity and legal
frameworks
Hotspot policing  Yes (65+ Yes Multiple Displacement
evaluations; 8-16% countries possible
crime reduction)
Body-worn Mixed No Limited Uncertain conduct
cameras effects; data
governance needs
Communication/ None No Most countries High cost; crime
response impact
centers undemonstrated
Electronic case  On efficiency only ~ No Limited Faster case
filing processing; crime
link untested
Alin legal None No Pilots Bias and due-
processes process risks
Electronic Yes (Argentina, Yes Most countries Requires
monitoring Sweden, United supervision
States)

Source: Reviewed throughout the section on evidence.
Note: “Causal evidence” refers to studies using credible identification strategies, such as randomized trials
and quasi-experiments.

Prevention Technologies

A large body of causal evidence shows that education and employment oppor-
tunities can reduce criminal involvement. Quasi-experimental studies link addi-
tional schooling to reductions in arrest and incarceration, while improvements
in employment opportunities reduce recidivism among former offenders (Britto,
Pinotti, and Sampaio 2022; Cook et al. 2015; Deming 2011; Galbiati, Ouss, and
Philippe 2021).

With respect to education, for example, the challenge for crime prevention
is to ensure, with limited budgets, that at-risk youth remain in school and receive
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educational support suited to their needs. Technology can expand the reach of
these services to populations that traditional programs may struggle to serve.
For example, students in areas affected by organized crime are both less likely
to attend school and more likely to be recruited by criminal organizations. Online
education can substitute for attendance and reduce vulnerability to these recruit-
ment efforts. Dinarte et al. (2025) show that online platforms can sustain learning
and tutoring at scale when in-person education is disrupted, in this case during
the war in Ukraine.

Technology can also improve the targeting of prevention interventions.
Machine-learning tools can use administrative and incident-history data to
identify individuals at high near-term risk of serious violence, including shooting
victimization (Heller et al. 2026). The tools allow agencies to direct scarce
preventive services toward populations with the greatest need.*

Policing Technologies

The strongest evidence on policing technologies pertains to operational tools
that support police deployment and criminal detection, such as CCTV, hotspot
policing, and forensic applications, such as biometric databases. Less rigorous
evidence is available on system-level technologies, including integrated com-
mand platforms, and technologies intended to increase police accountability,
such as body cameras.

CCTV and Place-Based Deterrence

One of the most studied policing technologies is closed-circuit television. By rais-
ing the perceived risk of detection in monitored areas, CCTV discourages people
from committing crimes. A meta-analysis finds it associated with a statistically
significant reduction in crime. Effects are larger and more consistent in settings
such as parking lots and when CCTV images are actively monitored (Piza et al.
2019).

4 Better economic opportunities also reduce crime. Digital labor platforms, for example—
app-based services that connect workers with flexible, on-demand jobs, such as taxi driv-
ing and food delivery—can raise the opportunity cost of offending by expanding access
to legal employment. Evidence from Brazil links the rollout of a major delivery platform
to a decline of roughly 10 percent in reported crime. The reductions were largest in the
low-income areas where delivery workers reside. Crime was not displaced to the areas
served by delivery workers (Frankenthal 2025). Similar results are found in France, where
the effect is concentrated among youth newly eligible for platform work (Allouard et al.
2024). The digitalization of transfers and payments can also reduce street crime by lower-
ing cash exposure; a quasi-experimental study of electronic benefit transfers in the United
States estimates an overall crime reduction of 9 to 10 percent (Wright et al. 2017).
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An evaluation of targeted camera deployment in Medellin, Colombia, finds
reductions in reported crime in areas that were monitored, with no evidence
that criminal activity was displaced to other locations (Gdmez, Mejia, and Tobdn
2021). On the other hand, an evaluation of the MiCalle CCTV program in Mexico
City, which was geographically less focused and did not systematically locate
CCTV cameras in high-crime areas, finds no evidence of crime reduction (Vilalta,
Lopez-Ramirez, and Fondevila 2023). Together, these results suggest camera
coverage alone is insufficient. Effectiveness depends partly on concentrating
surveillance where crime risk is highest.

Hotspot Policing and Data-Driven Deployment

Hotspot policing addresses low detection rates directly by concentrating patrol
resources in the places where crime is most prevalent. Meta-analytic evidence
indicates it reduces crime by 8 percent based on conventional standardized
effect sizes and 16 percent based on incidence-rate measures (Braga et al. 2019;
Braga and Weisburd 2022). In Latin America and the Caribbean, hotspot pro-
grams have generally reduced targeted crimes when patrols are tightly focused,
at the level of street segments rather than broad zones. As with CCTV, stud-
ies find that although displacement of criminal activity to neighboring areas is a
potential concern, it is usually not detected in practice (Chainey, Alvarado, and
Serrano-Berthet 2024; Chainey, Serrano-Berthet, and Veneri 2021). The main
exception is a citywide randomized evaluation conducted in Bogotd, Colombia,
which finds direct reductions in treated locations offset by increases in nearby
areas (Blattman et al. 2021).

Also, like CCTV, the deployment of hotspot policing depends on identify-
ing where crime is concentrated. Machine learning could improve this targeting
by generating forecasts automatically or at lower cost, but causal evidence on
whether it outperforms conventional crime analysis remains scarce. A 2015 ran-
domized trial found that algorithm-guided patrols, using older machine-learning
tools, produced a small but significant reduction in crime volume, while analyst-
guided patrols did not (Mohler et al. 2015).

Forensic and Biometric Databases

Forensic identification databases, particularly DNA databases, are among
the identification technologies for which causal evidence is the strongest.
Biometric databases accelerate post-crime identification, directly addressing
the problem raised earlier that suspects are identified for only a small fraction
of homicides.

While evidence on these technologies is limited in Latin America and the
Caribbean, studies from other settings signal their effectiveness. Doleac (2017),
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for example, finds that DNA database expansions across U.S. states reduce
crime rates and can be more cost effective than traditional enforcement tools.
Evidence from Denmark exploits a large expansion of the national DNA data-
base to estimate the effect of DNA registration on subsequent offending. In
the year after registration, individuals whose DNA was added to the database
were less likely to reoffend than comparable individuals whose DNA was not
registered (Anker, Doleac, and Landerse 2021). Together, these studies indi-
cate that increasing the probability of identification can deter offending and
reduce recidivism.

Advanced Surveillance Technologies

The use of surveillance raises concerns about privacy and the potential for abuse
that are heightened for advanced technologies, such as facial recognition and
license plate readers. This makes evidence on whether they improve public
safety particularly important. To justify the collection of data on a large popula-
tion that includes only a few potential offenders, these technologies should gen-
erate information that can significantly improve the identification of offenders
relative to existing police tools.

As with forensic and biometric identification, evidence on the effective-
ness of advanced surveillance technologies is sparse in Latin America and the
Caribbean. In the United States, however, the deployment of facial recognition
technology is associated with reductions in violence because of faster and more
certain identification (Johnson et al. 2024).

There are few studies on automated license plate readers, whether from
the region or globally. They are generally limited and inconclusive. License plate
readers are intended to increase the probability of detection by helping police
identify and track vehicles associated with criminal activity, but the available
evidence does not establish a consistent effect on crime. A quasi-experimental
study of license plate readers deployed at roadblock locations in Buffalo, New
York, produced inconsistent estimates of their effect on violent crime (Wheeler
and Phillips 2018).

Body-Worn Cameras and Accountability

Body-worn cameras have been widely adopted. Unlike the technologies dis-
cussed above, cameras worn by law enforcement officers are designed mainly
to improve accountability, although they may also facilitate the collection of
evidence. A systematic review synthesizing 70 studies, though none from the
region, finds that the cameras reduce citizen complaints about police conduct
(Lum et al. 2019).
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Integrated Command-and-Control Platforms

Integrated command-and-control platforms are information systems that help
organizations coordinate, monitor, and direct operations. In the context of crimi-
nal justice, they help overcome the bottleneck that is created by weak information
infrastructure. They accelerate response, improve coordination, and strengthen
investigation by combining data from sources such as CCTV, gunshot detection,
and officer deployment records. Although the effectiveness of command-and-
control platforms is much more difficult to evaluate than that of the digital policing
interventions already discussed, emerging quasi-experimental studies suggest
measurable investigative benefits. An evaluation of Chicago’s Strategic Decision
Support Centers, for example, reports an increase in clearance rates for violent
and property crime following implementation (Arietti 2024). The results suggest
these platforms provide investigative benefits, but evidence that they ultimately
reduce crime remains limited.

Court Technologies

Studies on digital technologies and the justice system have focused on adminis-
trative inefficiency and the quality of judicial decision making, mainly looking at
intermediate outcomes, such as case processing, transparency, and risk predic-
tion. Little is known about their downstream effects on crime.

Court Digitalization and Case Management

Court digitalization aims to reduce congestion and delay by improving document
flow, case tracking, electronic filing, and access to remote hearings. Introducing
digital systems is unlikely to generate substantial efficiency gains, however, with-
out complementary changes in staffing, procedures, and management (Maroz,
Popova, and Satizabal Acosta 2023). This finding echoes a central message of
the book, emphasized in Chapter 1: Organizational redesign is crucial to realizing
large productivity gains from digital technologies.

The COVID-19 pandemic accelerated the adoption of digital technology in
court systems, particularly in upper-middle-income countries. Maroz, Popova,
and Satizabal Acosta (2023) report that 43 percent of these economies intro-
duced at least one new digitalization feature in 2020, rising to 89 percent in 2021,
alongside adoption of remote hearings and e-filing. They find a strong positive
association between digitalization and judicial transparency. Whether these sys-
tems also improve court efficiency, however, is less clear.

The limited causal evidence suggests efficiency gains in courts may take
time to materialize. An evaluation of an electronic case management system in
the Philippines found no significant reduction in case duration during the first year
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of implementation but detected improvements in the second (Orbeta, Paqueo,
and Siddigi 2021). This pattern is consistent with the idea that digitalization
requires institutions to adapt workflows and learn to use new systems before
measurable gains emerge.

Algorithmic Decision Support

Algorithmic tools address problems associated with the quality and consistency
of decisions regarding defendant detention. Analysis from Colombia indicates
assignment to pretrial detention under existing practices is suboptimal, with low-
risk defendants frequently detained and some high-risk defendants released
(Mejia 2025a; see Box 9.1).

PRiSMA: Colombia’s Risk Assessment Tool for Pretrial
Detention

Fear of bias is a significant obstacle to the use of algorithms for making sensitive deci-
sions. Human bias is also known to permeate these decisions, though. Evidence from
a tool for predicting recidivism risk in Colombia suggests ample potential for algo-
rithms to generate decisions about pretrial detention that are fairer and more efficient
than those made through human judgment alone.

Colombia’s Office of the Attorney General developed PRiISMA (Perfil de Riesgo de
Reincidencia para la Solicitud de Medidas de Aseguramiento [Recidivism Risk Profile
for Requests for Pretrial Detention Measures]) to support prosecutors’ and judges’
decisions on pretrial detention. PRISMA integrated arrest records from the Policia
Nacional, case records from the Attorney General's case management system, and
incarceration records from prison authorities to produce risk assessments at the indi-
vidual level based on the likelihood of reoffending within two years.

The analysis finds that prosecutors requested detention for about 56 percent of
individuals whose predicted risk of reoffending was low and failed to request it for
about 39 percent of those with high predicted risk. Judges exhibited similar patterns.
Counterfactual simulations indicate that correcting these errors could have reduced
recidivism by up to 25 percent for overall crime, 45 percent for property crime, and
21 percent for violent crime without increasing intramural detentions.

PRiISMA is not in use today. Its utility depended on having interoperable data link-
ing police, prosecution, and the prison system, which most jurisdictions in the region
still lack. Furthermore, its eventual abandonment illustrates the institutional friction
such tools encounter. Scaling them up requires at least two conditions: First, such
an algorithm must be evaluated empirically to observe how prosecutors and judges
respond to its use in practice. Second, a governance framework, including auditing,
transparency, and independent evaluation, needs to be developed alongside the roll-
out. These conditions could not be met in the case of PRISMA.

Source: Mejia (2025a).
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Machine-learning models can improve the prediction of defendants’ risk rela-
tive to unaided human judgment. Kleinberg et al. (2018), for example, show such
models can rank defendants more accurately by risk, and policy simulations indi-
cate better predictions could reduce detention without increasing crime. These
results demonstrate the potential of algorithmic tools to improve the tradeoff
between public safety and unnecessary incarceration.

Evidence from actual implementation is more cautionary, however. For exam-
ple, mandatory pretrial risk assessment reform in Kentucky produced only a small
increase in releases and was accompanied by more failures to appear in court
and more pretrial crime (Stevenson 2018). Judges retained discretion and fre-
quently did not follow recommendations to release defendants classified as low
risk. The case illustrates how a tool can improve the information available to deci-
sion makers without changing outcomes if institutions do not incorporate that
information into practice.

Taken together, the evidence suggests court technologies are most effective
when embedded in complementary institutional reforms. Digital case manage-
ment requires changes in workflows and administrative practices, while algorith-
mic decision support requires clear rules governing how predictions are used.
In high-stakes settings, these systems must also be transparent, auditable, and
subject to safeguards against discriminatory or arbitrary decisions.

Correctional Technologies

In correctional systems, evidence shows that the most effective technologies are
those that replace incarceration with structured community supervision, directly
addressing the concern that overcrowded, violent prisons can generate more
crime. Di Tella and Schargrodsky (2013) find that individuals assigned to elec-
tronic monitoring rather than prison in Argentina were less likely to reoffend—a
finding consistent with the capacity of monitoring to maintain labor market and
family ties while avoiding prison exposure.

More recent quasi-experimental research from Sweden based on the results
of a sentencing reform similarly shows that electronic monitoring reduces crimi-
nal recidivism while increasing labor supply. It documents better outcomes for
children, as well, pointing to broader social benefits of replacing incarceration
with home-based supervision for eligible cases (Grenet, Gronqvist, and Niknami
2024). Systematic review evidence is broadly consistent with these findings. It
indicates electronic monitoring can reduce reoffending under specific conditions,
particularly when paired with supervision practices and support services (Belur
et al. 2020).
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Cross-Cutting Lessons

Across all the evaluations of the different technologies and stages of the crimi-
nal justice system, three cross-cutting lessons emerge. First, technology is most
effective when it complements, rather than substitutes for, institutional capacity.
Across the interventions reviewed above, information and analytical tools gener-
ate value only when agencies have the routines, incentives, and authority to use
them. “Management-by-results” models, inspired by New York City’s CompStat
program, illustrate this complementarity by combining timely crime data with ter-
ritorial accountability and sustained managerial attention. Parfitt, Pantaledo, and
Kopittke (2026) report significant reductions in homicide following the adoption
of such models in several Brazilian states and emphasize integrated databases
and performance routines as key enabling conditions. More generally, the evi-
dence reviewed in this chapter suggests that better information alone is unlikely
to improve clearance rates, case processing, or deterrence if institutions cannot
translate it into operational decisions.

A second lesson is that the evidence becomes thinner as technologies
become more complex and systemic. Although command centers, broad digi-
tal justice platforms, and Al-based analytical and decision-support tools fea-
ture prominently in current policy discussions, rigorous evaluations of their
effects remain scarce, in part because they are inherently difficult to con-
struct. Command centers should improve coordination, situational awareness,
and access to information for many police officers and across a broad geo-
graphic area, and cannot be randomly assigned to some neighborhoods or
police units and not others. Digital justice platforms often combine multiple
reforms across institutions, making it difficult to isolate the contribution of any
individual component.

A final lesson is that effectiveness is only one consideration for technol-
ogy adoption; another is implications for rights and institutional legitimacy. While
technologies that increase the capacity to identify, monitor, or classify individuals
can strengthen deterrence and improve decision making, they can also magnify
existing biases or enable misuse when governance is weak.

Does Adoption Follow the Evidence?

Latin American and Caribbean countries have made substantial investments
in crime-related technology over the past two decades. Adoption has focused
most on technologies that increase the probability of detection and manage-
ment of data by police. CCTV networks have proliferated, including Mexico City’s
30,000-camera C5 and Smart Sampa in Sdo Paulo, Brazil. Many jurisdictions have
introduced centralized command centers and data-driven policing dashboards
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(Chainey, Alvarado, and Serrano-Berthet 2024; da Silva et al. 2020). DNA data-
bases exist in 13 of 15 surveyed countries in the region (Muggah and Szabo de
Carvalho 2018). The region has also used technology to expand alternatives to
incarceration. For example, electronic monitoring programs cover over 120,000
individuals in Brazil alone (SENAPPEN 2025).

Countries in the region have been slower to adopt foundational systems that
integrate all aspects of the criminal justice system. End-to-end interoperable
case management allowing case-level information to be tracked across institu-
tional boundaries—linking police, prosecutors, courts, and the penal system—is
partial in most countries. Even when they introduce technologies to allow for such
tracking, standardized identifiers, structured data entry, and performance moni-
toring systems are absent. Hence, agencies cannot integrate, analyze, or act on
the data that they have in their systems.

The pattern of technology adoption in the region reveals a mismatch with
the challenges of criminal justice. Low clearance rates, court congestion, poor
prison conditions, and other impediments to criminal justice point to weaknesses
in investigative infrastructure, case management, and correctional governance.
Yet investment has largely been in surveillance hardware and command infra-
structure. These tools can help deter crime but do not resolve the upstream fail-
ures in investigation, prosecution, and case processing that determine conviction
and punishment.

This mismatch partially reflects the political incentives governments have
to invest in visible, hardware-intensive technologies, such as cameras, com-
mand centers, and patrol vehicles, rather than less visible but more founda-
tional systems, such as case management and data governance (Flom 2018).
Surveillance infrastructure is procurable within election cycles and apparent
to voters; back-office information systems are neither. Manning (2008) docu-
ments how technology adoption is shaped by organizational culture and vendor
marketing rather than by evidence, a pattern confirmed by Lum, Koper, and
Willis (2017).

This is not a critique of all infrastructure investment. Credible evidence sup-
ports the implementation of CCTV networks and electronic monitoring. But the
absence of foundational systems and reliable and integrated information across
the justice chain limits what any downstream technology can achieve.

Prerequisites for and Risks of Technology Adoption

The evidence reviewed above suggests that the effectiveness of digital tech-
nologies in Latin America and the Caribbean depends not only on the tools them-
selves but, as Chapters 1 and 4 emphasize, on the institutional environments in
which they are deployed, and that the region’s investments have not been aligned
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with the highlighted challenges. These considerations point to a set of prereqg-
uisites and safeguards for implementation that should accompany technology
adoption.

Implementation Prerequisites

Three prerequisites recur across the technologies reviewed in this chapter and
are aligned with the three foundational areas—institutions and regulations,
people, and data and infrastructure—described in Chapter 1 as needing to be
strengthened for digital transformation to take place:

e Governance, oversight, and evaluation. Technologies should be accompanied
by mechanisms to assess both their effectiveness and their correct use. This
is particularly important for tools that influence enforcement, surveillance, or
judicial decisions. Independent evaluation can determine whether operational
improvements translate into better outcomes, while auditing, transparency,
and human review can help identify errors, bias, or misuse before they become
embedded in institutional practice.

e Human capital and change management. Introducing technology does not
automatically change institutional behavior. Officials must be able to interpret
new information, incorporate it into decisions, and adapt existing workflows
accordingly. Training, workflow redesign, and clear assignment of decision-
making responsibilities are, therefore, central to implementation.

e Data quality and interoperability. Many digital and analytical tools depend
on administrative data, which often provide an incomplete representation
of crime. In Latin America and the Caribbean, victimization surveys show
that a large share of crimes are never reported (Perez-Vincent et al. 2024;
Lupu et al. 2023), while official records can also suffer from misclassification
and inconsistent reporting. These limitations are particularly important with
respect to predictive tools, because models trained on incomplete or biased
historical data may reproduce those patterns in their predictions. In terms
of interoperability, many of the data-driven tools described here depend
on seamless connectivity among police, courts, and correctional facilities.
Institutional information technology (IT) systems in the region are often
fragmented, with limited server capacity and outdated software.

Risks across the Technology Spectrum

The risks associated with technology vary according to the function of the
tool. Place-based technologies, such as hotspot policing, can shift rather than
reduce criminal activity. Electronic monitoring can expand formal supervision
to individuals who otherwise would not have been incarcerated or monitored.
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Technologies that identify or classify individuals create additional risks. Predictive
systems reproduce patterns contained in historical enforcement data (Ensign
etal. 2018; Lum and Isaac 2016). These risks become important when algorithmic
outputs affect high-stakes decisions, such as police deployment, pretrial deten-
tion, or sentencing. Furthermore, surveillance technologies present governance
risks, relying as they do on information collected from a large population of non-
offenders to facilitate the detection of offenders.

As other chapters note (especially Chapter 1 and Chapter 10 on tax admin-
istration), Al-based tools add a further challenge because their complexity can
make decisions more difficult to understand and contest. The evidence reviewed
in this chapter remains particularly limited on whether such systems improve
downstream crime or justice outcomes. Their adoption should, therefore, distin-
guish between predictive performance and demonstrated policy effectiveness
and should be accompanied by mechanisms for transparency, auditing, human
review, and independent evaluation.

In Latin America and the Caribbean, these risks are acute. As mentioned, sur-
veys reveal little trust in judicial institutions (Lupu et al. 2023), and technologies
introduced without transparency or oversight can reinforce the perception that
the justice system is arbitrary. The result may be a deepening of legitimacy defi-
cits that already depress cooperation. Although emerging regulatory frameworks
signal a growing recognition that governance must accompany deployment, digi-
tal regulation is, as Chapter 4 notes, still in its infancy in terms of quantifying
social harms and efficient regulatory responses to reduce them. Most countries
in the region have not considered regulations to ensure algorithmic accountability
in criminal justice, where the potential for social harm is high, as are the potential
benefits in terms of legitimacy and trust of using explainable Al systems subject
to independent review.

Policy Recommendations

This chapter shows that digital technologies can strengthen crime prevention
and control, but the returns depend as much on institutional capacity as on the
technology adopted. Countries in Latin America and the Caribbean can take the
following evidence-based policy actions to produce benefits and lay the ground-
work for further technological investment. Cutting across all of them is the broad
recommendation that technological adoption should be accompanied by invest-
ments in data quality, institutional coordination, transparency, accountability, pri-
vacy, and safeguards against misuse.

Build interoperable justice information systems. Fragmented case manage-
ment and limited data sharing among police, prosecutors, courts, and penitentiary
systems reduce the effectiveness of nearly every other digital tool covered in this
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chapter. Justice and public safety institutions should, therefore, establish end-
to-end digital case management with unique person identifiers, creating linkages
that allow every case to be tracked from incident report to conviction, release, or
incarceration. Countries should designate or create a lead institution with author-
ity to assign responsibilities across agencies for supplying and updating records,
to administer access, and to enforce privacy and cybersecurity standards. They
should also standardize data fields, identifiers, and reporting protocols across
institutions and establish procedures that allow managers to monitor clearance
rates, case duration, court congestion, and prison occupancy. Countries should
prioritize interoperability and data quality before introducing more advanced ana-
lytical tools.

Target crime-control resources with local data. The evidence is unambigu-
ous that policing is significantly improved through the gathering and use of local
data. Police and prevention authorities should establish integrated crime-analysis
and targeting units that combine spatial crime data with information on victim-
ization and access (or lack of it) to social services to identify high-risk places
and populations. Police should use these systems to concentrate hotspot patrols,
CCTV, and investigative resources in high-crime areas, while prevention agen-
cies should use them to direct interventions toward populations and places with
the greatest need. Countries should maintain shared data systems so targeting
decisions can be updated as local conditions change and resources can be coor-
dinated across prevention and enforcement.

Use predictive algorithms to reduce incarceration. Excessive pretrial
detention and prison overcrowding remain among the region’s most costly
bottlenecks. As available evidence indicates predictive tools can improve the
accuracy of risk assessment, attorneys general and judiciaries should deploy
predictive algorithms to support better pretrial detention decisions and identify
individuals eligible for alternatives to custody. These tools should be embedded
within clearly defined decision-making routines that preserve judicial and
prosecutorial discretion and responsibility, with the understanding that model
performance is contingent on the quality and consistency of the underlying
judicial and administrative records. Implementation should be accompanied by
a robust governance framework, including transparency regarding model inputs,
mandatory bias testing, independent audits, and periodic rebenchmarking as
data and methods evolve. For individuals assessed as low risk, authorities should
expand alternatives to incarceration, such as electronic monitoring.



Unleashing Digital
Technologies on Tax
Administration

Persistent, widespread evasion, high compliance costs, and low progressivity
characterize taxation in Latin America and the Caribbean. These challenges
are rooted in information frictions that the region’s tax administrations could
overcome through the effective use of digital technologies, including artificial
intelligence (Al). They could make accurate tax assessments and identify exactly
the firms and individuals engaged in tax avoidance behavior. They could simplify
compliance with prefilled returns, automated processes, and fewer reporting
requirements. And they could use transaction-level data to support broader public
objectives, including targeted transfers, better access to finance for firms, and
greater market transparency. The result would be more efficient and equitable
socioeconomic outcomes.

The success of the digital transformation of tax administrations, however,
depends on trust in data governance, the ability of policymakers to overcome
resistance from those who benefit from information asymmetries, and the removal
of structural sources of information frictions, such as informality. It also depends
on institutional capacities within tax administrations, including infrastructure,
interoperability, enabling legal frameworks, and the capabilities needed to
translate data into effective compliance strategies.

Taxation Challenges and Low Revenue

A central function of taxation is to raise sufficient and timely revenue to finance
public expenditure, minimizing compliance costs and economic distortions
that undermine investment, employment, and productivity (Musgrave 1959).
Improving tax capacity, therefore, requires making tax systems simpler and more
predictable, equitable, neutral, and administratively efficient (Beuermann et al.
2021). The effects of greater tax capacity reverberate far beyond tax collection,
though. They include stronger state institutions, deeper financial markets, and
faster economic growth (Baer et al. 2025).
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In many Latin American and Caribbean countries, tax administrations strug-
gle to achieve these objectives. With respect, for example, to the narrow goal of
simply collecting revenues, ratios of tax to gross domestic product (GDP) remain
well below those observed in the Organisation for Economic Co-operation and
Development (OECD). In 2023, three-quarters of countries in the region collected
less than 25 percent of GDP in taxes (see Figure 10.1). Personal income taxes
yielded 2.2 percent of GDP versus 8.2 percent in the OECD (OECD et al. 2026).
A more direct indicator of administrative capacity is on-time payments. In Latin
America and the Caribbean, these also lag, particularly in the case of the personal
income tax (see Figure 10.2).

Low revenues reflect inefficiencies in both tax policy and administration. On
the policy side, exemptions, preferential regimes, deductions, and rate struc-
tures narrow the effective tax base. Administrative weaknesses are manifested in
underreporting, nonregistration, limited monitoring capacity within tax adminis-
trations, and the broader consequences of administrative weakness: informality

Figure 10.1. Regional Tax Burden and Revenue Composition
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Figure 10.2. On-Time Payment Rate across Country Groups
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and low tax morale, the intrinsic motivation to pay tax (Hutton 2010)." Even well-
designed systems cannot achieve their intended yield without effective adminis-
tration (Reyes-Tagle, Ruprah, and Baca Campodonico 2024). Indeed, one might
say tax administration is tax policy.

Disentangling the respective roles of tax policy and tax administration in
accounting for lower revenue collections in Latin America and the Caribbean ver-
sus in OECD countries is difficult. An alternative approach is to compare revenues
countries actually collect with those they could have collected in the absence of
policy and compliance distortions and then estimate the separate contributions
of such distortions to the difference. Peldez Longinotti (2026) reports results
from such an exercise based on revenues from value-added tax (VAT) in 18 Latin
American and Caribbean countries. The study reveals that most of the differ-
ence between actual and potential VAT collections—28 percentage points—is the
product of compliance distortions. The remainder, 15 percentage points, can be
explained by policy distortions, such as exemptions.

" According to the International Monetary Fund's Revenue Administration Gap Analysis

Program (RA-GAP) for the Dominican Republic (2018-23), the compliance deficit—
attributable to lack of enforcement capacity and taxpayer noncompliance—is an estimated
37 to 42 percent of potential revenue. The resulting shortfall, such as the cost to tax
collection of preferential tax regimes, is about 6 to 7 percent of GDP. See IMF (2025a).
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Information Frictions and Revenue Shortfalls

Effective enforcement discourages evasion by increasing the perceived prob-
ability of detection, while low compliance costs and administrative burdens
encourage voluntary compliance (Slemrod 2019). Both depend on overcoming
three information frictions: insufficient available data, inaccurate and incomplete
data, and limited capacity to integrate and analyze the data that are available.
Without adequate information, tax administrations may be unable to identify who
should be in the tax net, obtain a comprehensive view of taxable income and
transactions, verify declarations, or transform data into effective enforcement
and taxpayer services (Okunogbe and Tourek 2024; Motta Café, Yarygina, and
Escalante 2024).

Deficiencies in data quality and coverage emerge because of incomplete
taxpayer registries, limited third-party reporting, and inaccurate declarations
(Carrillo, Pomeranz, and Singhal 2017). Even when data are available, tax admin-
istrations often lack the capacity to manage and analyze them. Fragmented
data flows and weak interoperability prevent effective cross-checking across
institutions and administrative functions, while limited analytical and operational
capacity prevents the transformation of available data into actionable insights
(Reyes-Tagle et al. 2021; Okunogbe and Tourek 2024; Jensen and Weigel 2026).

Under these circumstances, tax administrations cannot rely on taxpayer
self-assessments because incentives for accurate reporting are weak, and the
likelihood of evasion and underreporting increases. At the same time, poorly inte-
grated filing systems can shift administrative costs to taxpayers through duplica-
tive reporting requirements and the need for repeated interactions with officials
(Okunogbe and Pouliquen 2022). As detailed below, all of these encourage eva-
sion, discourage voluntary compliance, and undermine progressivity.

Tax Evasion

In 2018, tax noncompliance in Latin America and the Caribbean was an estimated
6.1 percent of GDP, including 3.8 percent from income tax evasion and 2.3 percent
from evasion of value-added tax (United Nations 2020). Tax obligations are easier
to evade if tax administrations lack reliable information to identify taxable bases
accurately, verify declarations, and enforce compliance.

Accurate and complete tax registries, in particular, are an essential building
block of tax enforcement. In Latin America and the Caribbean, however, registration
data are incomplete and inaccurate. Registries contain fewer than 50 active
personal income taxpayers per 100 people in the labor force—well below
OECD levels and also under the average for other emerging market economies.
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Figure 10.3. Active Personal Income Taxpayers across Country Groups
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Fund classification (IMF 2025b, Table A). In OECD countries, values may exceed 100 because active per-
sonal income taxpayers can include individuals outside the labor force, particularly retirees, and people who
register to claim tax credits or social benefits. See Crandall et al. (2026) for more details.

Incomplete or outdated registries continue to limit coverage of the personal
income tax base (see Figure 10.3). Digitalization can help; electronic registration
(e-registration) and electronic filing (e-filing) systems tend to improve the
coverage and accuracy of taxpayer registries.

Even if digitalization facilitates the construction of tax registries with
taxpayer-provided information, tax administrations must still verify the accuracy
of that information, and they must rely on third-party reporting. Most tax
administrations in the region report systematic practices for assessing the
quality of the data they receive (86 percent, in line with the OECD), but few use
third-party information to register or deregister taxpayers automatically (see
Figure 10.4). Here again, digitalization can help, through electronic invoicing,
digital payroll reporting, and financial information exchange, yielding structured
data that allow systematic cross-checking of declarations (Bellon, Dabla-Norris,
and Khalid 2023; Motta Café, Yarygina, and Escalante 2024). At the same time,
interoperable platforms and automated data exchange improve information flows
across institutions, and advanced analytics support risk-based audit selection
and continuous compliance monitoring (OECD 2025c).

With digitalized third-party data, tax administrations can target taxpayers
with low-cost enforcement and compliance interventions. In Costa Rica, for
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Figure 10.4. Adoption by Tax Administrations of Selected Best Data Practices
across Country Groups

100 -
(2] 4
@ 90
kel
= 80
o
29 70
28 d
‘=
£ES 60
S 2
X o 50
° d
25
B o 40 -
o £
23 304
T
o) i
o 20
3]
a 10
0 T
4 — . =
ETQ c 23 EQm o5 o5
O - = © o= o o > b © b ©
.tgg 2O oLt EcX« L 5o L oo
= ] = [S] o O
© SO T O =3 >0 o3> 9 >
e 5 O © = 35 = @© = < © =
Se® (S = © O 0Q e Qo ® QO ®
© 2 o5 S = 2, o T, =5, 2
X 5 » © c =0 > = © o
S o oo © T oo =00 SIS
o » = o £ © >0 © >= S >N =
Q < =
c ] >0 = g RoRs = C TS
= < 5L T Q o S Q cQa
FRS) g T X c © X S X%
© £ES Sw
o o] (O] S 5 8
o o > e o
< a0 [ = <<
8 > S
o © <
o

@ Latin America and the Caribbean A Emerging market economies M OECD

Source: DB staff calculations, based on data from the Inventory of Tax Technology Initiatives, OECD, 2024.
Note: Reported values are unweighted averages across countries with available data. The estimates for
Latin America and the Caribbean are based on Argentina, Barbados, Belize, Brazil, Chile, Colombia, Costa
Rica, Ecuador, Guatemala, Honduras, Mexico, Paraguay, Peru, and Uruguay. OECD and emerging mar-
ket economies exclude Latin American and Caribbean countries. Emerging market economies follow the
International Monetary Fund classification (IMF 2025b, Table A).

example, enforcementemailsincreased payment probabilities by 3.1 percentage
points, rising to 3.7 percentage points when they included information about
third-party transactions (Brockmeyer et al. 2019). In an experiment conducted
in Colombia in 2013, emails combining information on outstanding liabilities,
penalties, and payment methods increased the probability of payment by
15 percentage points and the share of arrears paid by 13 percentage points
(Ortega and Scartascini 2015). Evidence from Brazil likewise shows that
digital notifications of detected discrepancies produce larger reporting gains
when accompanied by guidance on self-regularization—that is, on how the
taxpayers can correct the discrepancies themselves (Motta Café, Yarygina,
and Escalante 2024).

Legal and procedural frameworks in many countries are a significant bot-
tleneck, not only for the digitalization of third-party reporting but in the imple-
mentation of administrative reforms, such as providing the opportunity for
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self-regularization.? Similarly, while automating taxpayer registration and dereg-
istration is technically straightforward, legal requirements often mandate that
taxpayers formally initiate registration and complete documentary or iden-
tity verification procedures (Reyes-Tagle, Dimitropoulou, and Rodriguez Pefia
2023; OECD 2025c). In some countries, the access of tax administrations to
financial data is encumbered by bank secrecy provisions, deficient interagency
data-sharing frameworks, or lack of interoperability between public systems
(Reyes-Tagle, Dimitropoulou, and Rodriguez Pefia 2023).

Finally, inadequate analytical capacity hinders the use of available data for
detection purposes. As shown in Figure 10.5, Latin America and the Caribbean
lags relative to the OECD in big data capabilities and in the use of big data for
analytical purposes, although it is ahead in the use of enterprise-wide busi-
ness intelligence tools. Because many administrations still lack advanced risk

Figure 10.5. Data Analytics Capabilities across Country Groups
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ket economies exclude Latin American and Caribbean countries. Emerging market economies follow the
International Monetary Fund classification (IMF 2025b, Table A).

2 A randomized experiment by the Inter-American Development Bank (IDB) in Brazil used

large-scale information cross-checking to identify discrepancies in the declarations of
micro- and small firms. Auditor-assisted self-regularization increased reported monthly
income by 20 percent, nearly closed the estimated evasion gap, and reduced declaration
inconsistencies by 67 percent (Motta Café, Yarygina, and Escalante 2024).
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segmentation tools and automated error detection systems, audits often remain
manual, costly, and resource intensive. Third-party data are used mainly for ex
post verification rather than integrated into continuous risk monitoring. This
denies countries an opportunity to offset the high costs of audits by detect-
ing compliance risks before evasion materializes, using data-driven risk models
to prioritize cases with the highest impact on revenue and automated compli-
ance checks and strategies to facilitate voluntary compliance in low-risk cases
(OECD 2004).

Compliance Costs

Tax compliance rises with deterrence and ease of filing and payment (Bergolo,
Londofio-Vélez, and Tortarolo 2023; Antinyan and Asatryan 2025). Firms in Latin
America and the Caribbean, however, spend approximately 147 hours annually
complying with tax requirements, compared with 98 hours spent by firms in
OECD economies (World Bank 2025a).2 Complexity of the requirements accounts
for a large part of these compliance costs, but tax administrations could do more
to reduce the information frictions that exacerbate them. Administrations often,
for example, restrict data exchange across fragmented systems. This shifts the
burden of providing information to taxpayers, who must repeatedly submit docu-
mentation, reconcile inconsistencies, and interact with the different institutions
(Alm, Soled, and Thomas 2023; OECD 2022b).

In short, digitalization reduces compliance costs by automating data
exchange and processing. E-filing and payment systems eliminate the need for
physical submissions, while tools such as electronic invoicing, automated with-
holding, and expanded third-party reporting embed “compliance by design” into
economic transactions (OECD 2014). By generating reliable data when activity
occurs, these systems reduce the need for ex post verification and lighten admin-
istrative burdens. The use of prefilled returns based on third-party data reduces
redundancy in reporting requirements and errors in reporting. Integrated digital
portals can consolidate registration, filing, and payment processes within a sin-
gle interface, and automated reminders and digital communication channels can
support timely compliance (OECD 2025c).

Digital tools are not a panacea, however. If poorly designed or implemented,
they impose large costs on firms with limited technological capacity, expanding
the digital divide and perhaps discouraging formalization as well as compliance
(Azmi et al. 2016).

% The nine Latin American countries covered by the survey are Argentina, Brazil, Chile,

Colombia, Ecuador, Mexico, Paraguay, Peru, and Uruguay.
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Progressivity

Information frictions also stand in the way of tax system progressivity. For income
taxes, the redistributive impact of statutory progressivity depends on the tax
administration’s ability to observe income accurately, detect avoidance strate-
gies, and enforce compliance among higher-income taxpayers and complexly
structured corporations. In practice, large firms and high-income taxpayers have
access to sophisticated tax-planning and concealment strategies that increase
the demands on tax administration capabilities (Chen and Lin 2017; Carrillo,
Pomeranz, and Singhal 2017; Alstadsaeter, Johannesen, and Zucman 2019;
Guyton et al. 2023; Bustos et al. 2026). Handicapped in their efforts to monitor
them by limited data sharing, fragmented registries, and the opacity of capital
income, wealth, and cross-border financial flows, the administrations concen-
trate their enforcement efforts instead on wage earners and formal-sector firms,
whose income is easier to verify through payroll reporting and withholding sys-
tems. The result is a corresponding decline in the effective progressivity of the
tax system (Bergolo, Londofio-Vélez, and Tortarolo 2023).

Digitalization reduces these information frictions by expanding third-party
reporting and allowing the integration and analysis of large volumes of finan-
cial, corporate, and cross-border data (Kitsios, Tovar Jalles, and Verdier 2020).
The digitalization and formalization of tax laws can also enable analytical tools
and Al to identify inconsistencies or loopholes that facilitate tax avoidance
(Yadamsuren, Platt, and Diaz 2026; Blair-Stanek, Holzenberger, and Van Durme
2026). As always, though, their impact depends on complementary legal frame-
works that provide access to relevant data, coherent tax policy that cuts down
on avoidance opportunities, and institutions that can translate analytical insights
into effective enforcement.

Digital tools can also improve the progressivity of indirect taxes, such as
VAT, which is often considered regressive, as poorer households tend to spend
a larger share of their incomes on consumption. Typically, to promote progres-
sivity, countries reduce rates or place exemptions on the basic goods and ser-
vices that make up a large fraction of poor households’ consumption basket.
These measures have modest effects on regressivity, however, as higher-income
households receive a large share of the benefits, and those modest effects
come at a high cost, as the measures significantly reduce tax revenues. A better
approach is a personalized VAT, which combines a broad base and uniform rate
with refunds targeted to poor households. Such an approach cannot be targeted
without digitalization, however. Transaction-linked refunds, for example, require
reliable consumption data, which could be provided by electronic invoicing and
digital payments, as well as integrated reporting systems that link purchases to
taxpayer identifiers.
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IDB simulations for several Latin American countries indicate the ability
of this approach to reduce inequality while preserving or increasing revenue
(Barreix et al. 2022; Cavallo et al. 2022; Kotlikoff, Lagarda, and Marin 2023;
Pessino et al. 2023). In Argentina, refunds are linked to debit-card purchases;
Bolivia calculates them using electronic invoices; Colombian authorities use the
SISBEN registry and existing transfer infrastructure to provide a fixed compensa-
tion; Ecuador requires invoices for eligible purchases; and Uruguay applies relief
at the point of sale through government social cards (Rasteletti 2021; Barreix et
al. 2022). A program implemented in Rio Grande do Sul in Brazil provided quar-
terly refunds of the state consumption tax to low-income families, while Brazil's
national VAT reform has also incorporated a cashback mechanism (Barreix,
Rocha, and Tostes 2025).

Digital Technologies and Taxation: The Evidence

Evidence has accumulated regarding the effects of four of the most widely used
digital tools: electronic filing and payment systems, electronic invoicing, prefilled
returns, and, more recently, Al. Through case studies and cross-country com-
parisons, studies have provided largely correlational, but also some causal, evi-
dence linking these tools to lower evasion, lower compliance costs, or greater
progressivity.

E-Filing and E-Payment

Electronic filing and payment systems allow taxpayers to submit returns and pay
liabilities through digital platforms, without having to visit tax offices or banks. In
Latin America and the Caribbean, e-filing rates are above those found in other
emerging market economies—close to 90 percent for corporate income tax, per-
sonal income tax, and VAT. For personal income tax, rates approach OECD lev-
els (Figure 10.6). Cross-country evidence from Central Asia and Eastern Europe
shows that when both e-filing and payment systems are used, the time filers
need to comply with their tax obligations declines by about 8 percent in the first
year, 12 percent in the second, and up to 27 percent after five years (Kochanova,
Hasnain, and Larson 2020). Experimental evidence from Tajikistan similarly indi-
cates that e-filing reduced firms’ tax-compliance time by 40 percent (Okunogbe
and Pouliquen 2022).

Although e-filing facilitates the collection of taxpayer-reported information,
it does not necessarily improve the coverage or accuracy of that information.
Hence, tax collections may not increase without broader reforms related to veri-
fication and enforcement. Evidence from Senegal shows that mandatory e-filing
and payment reduced missing declaration data by over 90 percent. The effects
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Figure 10.6. Global Comparison of E-Filing of Tax Returns across Country
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Source: IDB staff calculations, based on data from the International Survey on Revenue Administration
(ISORA), 2024.

Note: Reported values are unweighted averages across countries with available data. The estimates for
Latin America and the Caribbean are based on 18 countries. OECD and emerging market economies exclude
Latin American and Caribbean countries. Emerging market economies follow the International Monetary
Fund classification (IMF 2025b, Table A).

on filing and payment were limited, however, because the system largely repli-
cated paper procedures and lacked prefilling, automated checks, reminders, and
stronger enforcement (Czajka, Diouf, and Santoro 2026). This experience illus-
trates the distinction highlighted in Chapter 1 between front-end digitalization
and back-end transformation: Moving a tax form online changes the interface
with the taxpayer, but realizing larger gains requires redesigning the processes
and data systems behind it so information can be integrated, reused, and acted
upon automatically.

Still, e-filing seems to increase compliance when it creates the perception that
electronic records make evasion easier to detect. Data from Eswatini, a country
in Southern Africa, indicate that, when mandatory e-filing was instituted during
the COVID-19 pandemic, taxpayers were 60 percent less likely to file nil returns,
reported 32 percent higher sales and 50 percent higher taxable income, and were
47 percent more likely to file on time. Higher reported income did not, however,
translate into higher final tax liabilities, reflecting limits in enforcement capacity
(Santoro, Amine, and Magongo 2022). More recent evidence from Eswatini finds
that mandatory digital payments reduced late payments and improved payment
accuracy, but the effects were heterogeneous: Companies paid more but less
accurately, while individuals became more likely to pay in full (Santoro, Masuku,
and Magongo 2026).
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E-filing makes the biggest difference in countries with sufficient internet
penetration, digital skills, and income levels. Compliance costs fall when the num-
ber of internet users exceeds 0.12 per capita, secondary enrollment surpasses
56 percent, or GDP per capita reaches roughly $2,700 in purchasing power parity
(PPP; Kochanova, Hasnain, and Larson 2020). While users in Rwanda reported
saving travel and queuing time through electronic filing and payment, unreliable
connectivity and system congestion disrupted submissions and sometimes led
to late-filing penalties. When confirmation messages failed to arrive, users of the
mobile declaration service still had to visit government offices to obtain proof
of filing and payment (Santoro et al. 2023). Nose and Mengistu (2023) present
noncausal evidence suggesting that moving from low to high adoption of online
filing is associated with an increase in nontrade tax revenues of up to 3.7 percent
of GDP in countries with strong digital accessibility, administrative capacity, and
investment in information and communications technology (ICT). In countries
with weak digital infrastructure or limited administrative capacity, however, the
association is less positive and can even be negative.

E-Invoicing

E-invoicing has expanded rapidly (Figure 10.7). It operates directly at the transaction
level, with firms issuing standardized electronic invoices, often validated or cleared
by the tax authority. This creates structured records of sales and purchases at the
moment economic activity occurs. E-invoicing expands the tax base by capturing pre-
viously unreported transactions; improves data quality through the use of standard-
ized formats; enables automatic matching between buyers and sellers; and provides
transaction data in real or near-real time. The digital records of transactions are cross-
linked across counterparties, reducing opportunities for underreporting (Barreix and
Zambrano 2018; Bellon, Dabla-Norris, and Khalid 2023; OECD 2024, 2026a).

In Ecuador, firms adopting e-invoicing reported 19 percent higher VAT
liabilities in 2015, rising to 28 percent in 2016 and generating approximately
US$132.6 million in additional VAT revenue (Ramirez-Alvarez, Oliva, and Andino
2022). Following the staggered rollout of mandatory VAT e-invoicing in Peru, VAT
payments increased by around 5 percent, after firms offset higher liabilities with
accumulated VAT credits (Bellon, Dabla-Norris, and Khalid 2023).

Generating transaction data alone does not guarantee revenue gains. In Rwanda,
the improved transaction “paper trail” produced by e-invoicing strengthened audit
outcomes by allowing auditors to detect inflated input VAT claims more accurately.
But without complementary risk-analysis systems and enforcement capacity, the
impact on compliance was slight (Kotsogiannis et al. 2025). In general, without ade-
quate ICT infrastructure, risk-based audit systems, VAT credit governance, and the
capacity of tax administrations to manage large volumes of transaction-level data,
e-invoicing systems yield data but not tax revenues (Barreix and Zambrano 2018).
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Figure 10.7. Tax Administrations Requiring E-Invoices across Country Groups
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Note: Reported values are unweighted averages across countries with available data. The estimates for
Latin America and the Caribbean are based on 23 countries. OECD and emerging market economies exclude
Latin American and Caribbean countries. Emerging market economies follow the International Monetary
Fund classification (IMF 2025b, Table A).

Prefilled Returns

Prefilled tax returns are declarations populated with information already avail-
able to the tax administration, such as employer payroll reports, financial institu-
tion data, or electronic invoices. Early uses of prefilling concentrated on personal
income tax regimes with limited deductions and credits and access to reliable
third-party information. Advances in information reporting systems, rule-based
technologies, and data analytics have since extended its application to more
complex tax systems (OECD 2025c). While a few countries—including Brazil,
Chile, and Uruguay—have implemented prefilled systems for many personal
income tax declarations, adoption across the region remains well below OECD
levels and slightly below those of other emerging market economies (Figure 10.8).

Where reliable third-party information exists, prefilled returns can signifi-
cantly reduce compliance costs and reporting errors. Using administrative data,
Jenkins et al. (2023) estimate that, over 10 years, the net present value of savings
from Chile’s prefilled VAT system amounted to US$5.66 billion, of which US$1.73
billion accrued to taxpayers through reduced compliance costs and faster refunds
and US$3.93 billion to the government from improved compliance and corporate
income tax receipts.

Not surprisingly, however, the effectiveness of prefilled returns depends on
the accuracy of the data used to prefill them. Inaccurate values signal weaknesses
in administrative information systems, particularly when they underestimate
liabilities. This lowers the perceived probability of detection, encouraging evasion
(Van Dijk et al. 2020; Fonseca and Grimshaw 2017).
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Figure 10.8. Tax Administrations Prefilling Personal Income Tax Declarations
across Country Groups
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Note: Reported values are unweighted averages across countries with available data. The estimates for
Latin America and the Caribbean are based on 23 countries. OECD and emerging market economies exclude
Latin American and Caribbean countries. Emerging market economies follow the International Monetary
Fund classification (IMF 2025b, Table A).

Use of Artificial Intelligence by Tax Administrations

Tax administrations increasingly employ Al and advanced data analytics to pro-
cess large volumes of information and support data-driven decision making. These
applications illustrate the relationship between digitalization and Al described in
Chapter 1. E-filing, e-payment, and e-invoicing digitalize transactions and gener-
ate structured information; integrated data systems and prefilled returns allow that
information to be reused; and Al can then extract additional value from these digital
foundations through risk prediction, fraud detection, and taxpayer assistance.

According to the OECD, more than 70 percent of tax administrations report
using Al tools to support at least some operational functions. Early applica-
tions have focused on rule-based systems and data analytics. More advanced
machine-learning models lend themselves to fraud detection, audit selection, and
taxpayer service automation (OECD 2025a). Fully automated services and integ-
rity monitoring (a security practice that checks continuously for unauthorized
modifications to data) remain limited and, in most Latin American and Caribbean
countries, are often still at the pilot stage (see Figure 10.9).

Al can improve data quality and coverage by detecting inconsistencies
across datasets and extracting information from unstructured sources, such as
scanned documents, images, or text records. Its biggest potential, however, lies
in its analytical capacity. Machine-learning algorithms can process large volumes
of data, identify patterns associated with fraud or underreporting, and improve
audit targeting and compliance management (OECD 2025c).
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Figure 10.9. Use of Artificial Intelligence by Tax Administrations across
Country Groups
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economies follow the International Monetary Fund classification (IMF 2025b, Table A).

Ample evidence indicates machine-learning and Al tools can significantly
improve the efficiency of auditing. Machine-learning models run on Italian
Revenue Agency data, for example, suggest that replacing the 10 percent least
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promising audits with algorithm-selected cases could increase detection of tax
evasion by 39 percent and revenue recovery by 29 percent (Battaglini et al.
2025). In Brazil, machine-learning models trained on administrative and trans-
actional data more reliably identify high-risk taxpayers. Using data from roughly
390,000 taxpayers, the Al tool reduced the pool of potentially relevant audit
cases to 12.6 percent of total taxpayers and identified for prioritized scrutiny
a high-risk subgroup representing around 1 percent of the original population.
The models significantly improved prediction accuracy relative to baseline
approaches (Pires 2024). In Mexico, Zumaya et al. (2021) analyze the applica-
tion of Al tools to data from the electronic invoicing system (CFDI), covering
around 80 million taxpayers and nearly 7 billion monthly invoices. Combining
machine learning with network analysis, tax administrators were able to detect
complex evasion schemes, such as fictitious invoicing loops. Accuracy levels
exceeded 90 percent.

Although Al systems can improve the consistency, objectivity, and accuracy
of enforcement decisions by reducing discretionary assessments and detecting
complex evasion patterns, the decision-making processes Al uses to reach tar-
geting conclusions are often opaque. This can raise concerns about transpar-
ency in administrative assessments, the explainability of algorithm-supported
decisions, and taxpayer procedural rights, including access to information and
the ability to challenge administrative actions. These concerns are attenuated
when human officials remain responsible for reviewing, validating, and authoriz-
ing enforcement actions.

Concerns about due process in tax administrations’ use of Al to target their
enforcement actions could be resolved by adopting “explainable” Al systems,
which allow taxpayers to review the reasons they were targeted. Technological
constraints seem to limit the capacity of such systems, however. In an analysis
of whether existing explainable Al techniques can meet Argentine legal require-
ments for administrative decision making, Gorski et al. (2025) conclude that
more interpretable models may be less accurate and that, even when generated
by explainable Al systems, the explanations are often difficult for taxpayers to
understand without expert support.

Moreover, while meaningful explanations are necessary for taxpayers to
understand and challenge adverse decisions, excessive disclosure of operational
details could make risk models easier to circumvent. Al can help compliant tax-
payers interpret rules and reduce errors, but it could also help those who are
more sophisticated infer detection patterns, identify loopholes, or devise aggres-
sive tax-minimization strategies.

The laws in the region regarding explainability are also largely unsettled
(Faundez-Ugalde, Mellado-Silva, and Aldunate-Lizana 2020). At least in Chile,
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however, the legal evolution is toward greater explainability. Reyes-Tagle,
Dimitropoulou, and Rodriguez Pefia (2023) describe a case in which a taxpayer
requested access to the information used to evaluate their tax situation. The tax
authority initially refused to disclose it, arguing that revealing the criteria and
methodologies underlying the system could compromise the effectiveness
of compliance risk management and audit selection processes. The Chilean
Council for Transparency ultimately ruled in favor of disclosure.

As little evidence exists to help policymakers resolve such tradeoffs, it would
be important to generate evidence on how taxpayer behavior might change if
authorities are required to share more information about the Al models used to
detect risk (Fratri¢, Holzenberger, and Restrepo Amariles 2025). The goal for
policymakers should be to introduce legal frameworks that protect taxpayer
rights without requiring disclosure that materially facilitates evasion.

Another benefit of using Al in tax administration is its capacity to reduce
compliance costs. Research on the Estonian Tax and Customs Board shows that
Al-based language models and chatbots can help taxpayers navigate complex
tax obligations by directing users to relevant guidance and explaining legal provi-
sions in clearer language. The effectiveness of these tools, however, depends
on the accuracy and continuous updating of the underlying legal information,
as well as governance mechanisms ensuring transparency and the reliability of
automated responses (Kiinnapas et al. 2025).

With respect to tax policy, agent-based models can identify inconsisten-
cies and loopholes in legislation, allowing policymakers to detect policy gaps and
anticipate avoidance strategies. This is only possible, however, when laws are
codified in structured formats, and interdisciplinary collaboration between legal
experts and data scientists enables accurate interpretation of regulatory frame-
works (Fratri¢, Holzenberger, and Restrepo Amariles 2025).

Complementary Factors and Where the Region Stands

Digital technologies offer important opportunities to improve tax collection in
Latin America and the Caribbean. As the foregoing discussion makes clear, how-
ever, their effectiveness in reducing information frictions ultimately depends on
complementary institutional, legal, and administrative conditions. This section
summarizes these and compares the region with others in terms of readiness to
use digital technologies in tax administration.

Figure 10.10 compares selected institutional conditions associated with digi-
tal transformation in tax administrations across Latin America and the Caribbean,
emerging market economies elsewhere in the world, and OECD countries.
Based on self-reported information from the International Survey on Revenue

205



206

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

Figure 10.10. Institutional Conditions for Digital Transformation across
Country Groups
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Source: DB staff calculations, based on data from the Inventory of Tax Technology Initiatives, OECD, 2024,
and the International Survey on Revenue Administration (ISORA), 2024.

Note: The indices are based on binary indicators, coded as 1 when a specific institutional practice, gov-
ernance arrangement, capability, or policy is reported as present and 0 otherwise. Values represent the
share of “good practices” reported within each category. The categories include (1) financial autonomy,
capturing administrative and budgetary discretion, ICT expenditure, and operational flexibility; (2) data
governance and management, including data management strategies, data quality assessments, cyber-
security, access controls, and data ethics frameworks; (3) human resources, covering staffing autonomy,
recruitment and capability planning, and the use of specialized skills such as data science, behavioral
science, and user-interface design; and (4) Al governance, including the existence of ethical frameworks,
oversight mechanisms, testing procedures, and monitoring practices for Al systems. Reported values
are unweighted averages across countries with available data. The estimates for Latin America and the
Caribbean are based on 22 countries. OECD and emerging market economies exclude Latin American and
Caribbean countries. Emerging market economies follow the International Monetary Fund classification
(IMF 2025b, Table A).

Administration (ISORA)* and the OECD’s Inventory of Tax Technology Initiatives,
the figure suggests that many Latin American and Caribbean administrations
report formal digital transformation strategies, governance arrangements, and
data management practices at levels relatively close to those of OECD countries,
although areas related to Al governance remain less developed.

These indicators mainly capture the formal existence of institutional arrange-
ments rather than their implementation quality, operational maturity, or effec-
tiveness in practice. Comparable cross-country evidence on these dimensions

4 The Asian Development Bank (ADB), the Inter-American Center of Tax Administrations
(CIAT), the Fiscal Affairs Department (FAD) of the IMF, the Intra-European Organisation
of Tax Administrations (IOTA), and the Organisation for Economic Co-operation and
Development (OECD) jointly administer the International Survey on Revenue Administration.



UNLEASHING DIGITAL TECHNOLOGIES ON TAX ADMINISTRATION

is unavailable, however. The preceding discussion makes clear, for example, that
important deficiencies persist in interoperability, data quality, analytical capac-
ity, operational integration, and the effective use of information for enforce-
ment and compliance management. Compliance is disrupted and trust eroded
by fragile systems—such as those unable to handle peak filing volumes—while
lack of analytical capacity leaves large volumes of data underutilized (World
Bank 2025b).

To address these deficiencies, access to third-party information and effec-
tive legal and governance frameworks are essential. These include legal frame-
works that govern the access to and use of data by tax administrations and build
public trust in how the data are used. A lack of clear legal mandates to access
and require third-party information, along with poor coordination frameworks,
can restrict data sharing across agencies and limit effective cross-checking
(World Bank 2025b; Okunogbe and Santoro 2023). These constraints may also
limit the use of digital records and automated outputs as valid evidence for tax
enforcement.

Even when data are used not only for enforcement but to improve taxpayer
services, insufficient safeguards for transparency, accountability, taxpayer rights,
and due process can undermine trust and reduce participation in digital systems
(Reyes-Tagle, Dimitropoulou, and Rodriguez Pefia 2023). High levels of informality
also impede the digital transformation of tax administrations, as informal firms and
workers produce little data on their economic—and taxable—activities. Informality
keeps large segments of economic activity outside the reach of tax authorities,
inherently limiting the coverage of digital systems, while low tax morale weakens
incentives for accurate reporting even in the formal economy, further reducing
the impact of digitalization. As discussed in Chapter 2, this is part of a broader
relationship between informality and digital transformation: Informality limits the
reach and diffusion of digital technologies across the economy, while eroding the
tax base that finances digital infrastructure and e-government.

Policy Recommendations

Three information frictions underlie high evasion, high compliance costs, and lim-
ited effective progressivity in Latin America and the Caribbean: incomplete and
unreliable taxpayer information; fragmented and legally constrained access to
data; and limited capacity to transform available data into administrative action.
While digital transformation can address all of these, it will require the following
four priority actions.

Build a 360-degree taxpayer view across the taxpayer life cycle. Tax
administrations should expand and update registry coverage by continuously
identifying individuals and businesses engaged in potentially taxable activity
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but absent from the tax net. Where reliable data and legal authority permit,
administrations should register them automatically; otherwise, targeted commu-
nications and assistance should encourage registration and self-regularization.
This requires the authority and interagency agreements to access and link
third-party and transaction-level data, including data from e-invoices, pay-
ment systems, payrolls, customs authorities, property registries, corporate
and beneficial-ownership registries, and financial institutions. Common identi-
fiers, secure interoperable interfaces, and automated cross-checks should be
used to reconcile records, reveal missing or inconsistent information, and verify
declarations. Dedicated technical and data-governance capabilities should be
developed to enforce quality, access, privacy, and cybersecurity standards.
These systems should be complemented by behaviorally informed interven-
tions tailored to taxpayer profiles and risks, with clear reminders, guidance, and
simplified corrections facilitating compliance and credible information about
available third-party data, detection, and consequences deterring persistent
misreporting. Together, these measures should make taxpayers and taxable
income more visible, reduce evasion, strengthen effective progressivity, and
lower reporting costs.

Embed compliance by design through digital tools. Tax administrations
should redesign the compliance architecture by integrating e-invoicing, e-filing,
e-payment, and prefilled returns into end-to-end processes that generate and
reuse information throughout the compliance cycle. Jurisdictions where adop-
tion is low should phase in these tools only after systems are tested, acces-
sible payment channels are established, and small and medium-sized enterprises
have received affordable tools and support and been granted realistic transition
periods. Services should work on mobile devices and low-bandwidth connec-
tions. Administrations with established systems should link invoices and returns
with customs, payroll, payments, and taxpayer registries. Returns should be pre-
filled with reliable third-party data and automated matching and Al tools used
to identify discrepancies, fictitious invoices, abnormal VAT credits, and evasion
schemes. These systems should reduce reporting costs and rates of underre-
porting while enforcing high-risk transactions.

Enable responsible Al deployment across tax functions. Tax admin-
istrations should establish a responsible-Al adoption program, assign clear
institutional responsibility, and recruit multidisciplinary teams with tax, legal,
data-science, and cybersecurity expertise. They should invest in robust technol-
ogy platforms and secure environments for developing and testing Al tools and
models. The teams should rank potential Al applications by expected value and
risk, initially piloting initiatives related to data-quality checks, e-invoice and fraud-
network matching, risk-based audit selection, prefilling, and taxpayer assistance.
Administrations should not deploy Al models in enforcement until rules have been
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set to define permitted data and applications, accountability for automated out-
puts, documentation and audit-trail requirements, accuracy testing, understand-
able explanations, human review, and effective appeals. They should benchmark
against existing methods using predefined performance criteria. And they should
scale up only those applications that improve detection, oversight of high-income
individuals and complex businesses, or taxpayer services, conditional on main-
taining privacy and due process.

Do not neglect the distortions embedded in tax policy. Digitalization and
Al cannot compensate for the economic distortions that result from large tax
expenditures, special tax regimes, and high corporate tax rates, nor the adverse
effects on equity of heavy reliance on value-added taxes. As digitalization and Al
make enforcement increasingly effective, governments should review whether
the rules being enforced remain aligned with revenue mobilization, equity, formal-
ization, and growth objectives and reform those that are not.
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From Red Tape to Real Time:
Digitalizing Government
Transactions

From paying taxes and obtaining social benefits to renewing driver’s licenses,
government transactions pervade people’s lives. Such transactions are not
mundane; through them, citizens exercise their rights and fulfill their civic
obligations. Problems in government transactions, therefore, undermine the social
contract between citizens and government. If transactions impose high costs on
citizens, they limit efficient and equitable access to services. Opacity and the
abuse of administrative discretion breed corruption. And, of course, problem-
atic transactions, such as those that rely excessively on manual processing, also
result in elevated costs for governments.

This chapter addresses factors that increase the costs of government
transactions and the extent to which digitalization can meaningfully address
them—that is, the extent to which it can lower transaction burdens on individuals,
vulnerability to corruption, and the costs of administering government services.
It shows, however, that the adoption of digital channels across Latin America
and the Caribbean has remained limited.! The chapter diagnoses the underlying
causes of this limited take-up, distinguishing between demand and supply
factors. Finally, it offers recommendations to increase take-up of digital channels
and to fulfill the transformative potential of digitalization in strengthening the
relationship between citizens and government.

Unlike Chapters 5 to 10 in this book, which examined digitalization in specific
public sectors ranging from education and health to citizen security and taxa-
tion, this chapter looks across sectors at the transactions themselves—the con-
crete interactions through which individuals and firms request information from,
or provide it to, government. These interactions recur in every sector discussed
so far, and the same demand- and supply-side barriers to digital take-up—that

" This chapter uses the results of the IDB's Citizen Survey on Government Transactions and
Equity, 2023-24, for 11 Latin American and Caribbean countries (Brazil, Chile, Colombia,
Guatemala, Honduras, Jamaica, Panama, Paraguay, Peru, Trinidad and Tobago, and
Uruguay); see Pombo et al. (2025).
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is, limited connectivity and digital skills among users, low awareness of available
digital channels, incomplete or poorly designed digital services, and weak coordi-
nation across government agencies—appear repeatedly, regardless of the sector.
Treating transactions as a subject makes it possible to draw out these common
challenges and the lessons that follow from them.

These challenges also connect directly to the broader argument developed
in Chapter 1: that the productivity gains from digital technologies depend on more
than adoption alone. The same principle applies to government transactions.
Moving a form or procedure online can reduce some costs for users, but the larg-
est gains arise when digital channels are combined with shared infrastructure,
interoperable data, and changes in the underlying procedures and workflows by
which services are delivered. As in the other, more specific sectors, digitalization
can raise public-sector productivity when it moves beyond a digital front end
toward deeper organizational and back-end transformation.

Why Do Government Transactions Matter?

Through government transactions, rights are exercised, policies are implemented,
and obligations are fulfilled. These transactions comprise the set of requirements,
steps, or actions through which individuals can demand information from, or pro-
vide information to, a public entity, with the aim of obtaining a right or fulfilling a
duty. Examples include registrations, certifications and verifications, obligations,
services, and permits (Roseth, Reyes, and Santiso 2018).

These requirements, steps, and actions determine who interacts with the state
and how. Some procedures are universal, such as obtaining an identification docu-
ment. Others are specific to certain groups, such as application for social subsi-
dies for low-income households, tax compliance for businesses, or documentation
for migrants. Some carry mandatory fees, while others are free. Low government
transaction costs boost access to services and improve compliance with civic
obligations, thereby fostering trust, transparency, and effective government. High
transaction costs exclude people from services, increase distrust in government,
and raise transaction costs for governments struggling to implement public policy.

The Importance of Government Transactions

According to Douglass North (1984), transaction costs rise when transacting par-
ties mistrust each other and are poorly informed about each other’s actions. When
institutions increase trust and resolve information asymmetries, they reduce
uncertainty and transaction costs, increasing economic activity. Government
transactions are often costly because they rely on extensive verification require-
ments for identity, eligibility, and compliance, creating multiple checkpoints
among citizens, public employees, and supervising institutions. Mistrust prompts
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governments to impose onerous rules, even though it is possible to design institu-
tional rules that reduce transaction costs without jeopardizing transaction integ-
rity. Governments often lack effective frameworks, however, to create such rules
and instead impose excessive bureaucracy.

Figure 11.1 shows that in 2017, the central governments of most Latin American
and Caribbean countries managed between 1,000 and 5,000 distinct types of
transactions. In the aggregate, governments process millions of procedures per
year. In 2020, for instance, Chileans conducted more than 261 million transac-
tions with their government (Gobierno de Chile 2020), while in 2025, Mexicans

conducted around 402 million.2

Figure 11.1.
Countries
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2

Data are from INEGI (National Institute of Statistics and Geography), Encuesta Nacional de

Calidad e Impacto Gubernamental [National Survey on Government Quality and Impact],

2025.
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Figure 11.2. Most Common Transactions
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Note: The figure shows the fraction of respondents who reported completing a procedure related to the
listed areas (such as migration or business) within the 12 months preceding the survey. Reported values are
unweighted averages across Brazil, Chile, Colombia, Guatemala, Honduras, Jamaica, Panama, Paraguay,
Peru, Trinidad and Tobago, and Uruguay. Within each country, estimates use sampling weights for national
representativeness.

The government transactions most frequently carried out in Latin America
and the Caribbean are related to basic rights, such as civil registration, identifica-
tion, and public health (see Figure 11.2). A central challenge for the region and its
public administrations is to streamline these transactions by eliminating unneces-
sary steps or procedures that raise administrative costs and discourage citizens
from seeking access to services.

Transaction Costs and Corruption in Public Procedures

Institutional arrangements regulate the transactions through which people gain
access to government services, exercise their rights, and demonstrate compli-
ance with civic obligations. These arrangements must balance two competing
objectives: minimizing the burden procedures place on individuals while ensur-
ing services and authorizations reach those who are eligible and not those who
are not. To achieve this, governments establish rules and procedures that define
how people can gain access to services, including the steps they must follow,
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the information they must provide, the offices they must contact, and the require-
ments they must meet. By clarifying and enforcing these rules, the institutional
framework helps ensure eligible individuals can apply for and receive the services
to which they are entitled.

Transaction Costs and Access

The formal rules surrounding government transactions, however, can impose
either small cognitive, monetary, and temporal burdens or large burdens that
deter participation and suppress access. They can, for example, include modest
or extravagant information requirements and interaction with one public office
or many. The larger the costs relative to expected benefits, and the less infor-
mation governments provide about them, the more such requirements suppress
the take-up of services. When individuals easily find information about pro-
grams and eligibility, can quickly complete their applications, and can receive
accurate, timely information about when and how they will receive benefits,
take-up is high.

Even when each step or requirement appears to be trivial, users per-
ceive transaction costs as cumulative and experience them as a bundle that
includes travel time and expenses, compliance burdens, learning costs, and
even the psychological costs associated with interacting with public officials
(Masood and Azfar Nisar 2021; Moynihan, Herd, and Harvey 2015; Mohsin Ali
and Altaf 2021). According to Kyle and Frakt (2021), nearly one in four non-
elderly insured adults in the United States reported delaying care because of
an administrative task that was required to obtain access to it.

Pombo et al. (2025) find these transactional challenges can be significant in
Latin America and the Caribbean. As Figure 11.3 shows, users in the region spend
an average of about four hours to complete a single transaction; the time ranges
from more than five hours in Panama, Honduras, and Colombia to roughly one
hour in Uruguay.

This pattern is driven by in-person transactions. On average, completing an
in-person procedure in the region takes around six hours, including travel time
and waiting at government offices.® Additionally, half of users need more than
one visit to the relevant offices to complete the same procedure: 29 percent of
in-person procedures require two visits, and 21 percent require three or more
(Pombo et al. 2025).

3 Traveling to and from a government office to complete a procedure can take up to an hour

and 35 minutes, while waiting for service there can take about an hour and 21 minutes
(Pombo et al. 2025).
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Figure 11.3. Average Time to Complete Government Transactions across
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Source: IDB staff calculations, based on data from the Citizen Survey on Government Transactions and
Equity, 2023-24; see Pombo et al. (2025).

Note: The estimate for Latin America and the Caribbean is the unweighted average across the countries
included. Within each country, estimates use sampling weights for national representativeness.

Transaction Costs and Corruption

Corruption in government transactions is pervasive. According to Transparency
International (2019), one in five individuals—almost 56 million people—in
Latin America and the Caribbean who received public services such as water
and electricity paid a bribe to secure access. But sometimes, the require-
ments intended to reduce corruption may be counterproductive. An analysis
of nearly 25,000 survey responses in Mexico indicates that increases in the
compliance and psychological costs of administrative burdens are associated
with a higher likelihood of bribery (Nieto-Morales, Peeters, and Lotta 2024).
This correlation may arise because burdensome requirements are introduced
precisely where risks of corruption are greatest. Efforts to reduce fraud can
raise transaction costs, prompting people to resort to informal approaches to
gain access to services or obtain certification of their compliance with legal
requirements.

Governments and programs vary widely in how they balance these compet-
ing objectives. In the United States, for example, some state Medicaid programs
that have placed greater weight on preventing abuse have imposed burdensome
administrative requirements that can restrict the access to benefits for eligible
individuals (Moynihan, Herd, and Rigby 2016). In Ecuador, high-cost procedures
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intended to reduce fraud have instead been associated with lower compliance
and increased reliance on informal channels to obtain access to services (Méndez
Reéategui et al. 2023).

Where digitalization comes in is by helping governments meet the
objective underlying many burdensome procedures: generating and using
the information they need to validate beneficiary eligibility. If govern-
ments already have such information, they can accurately identify eligible
households, reducing both transaction costs and fraud. Presently, govern-
ments often ask for information with no bearing on eligibility, unnecessar-
ily increasing transaction costs to beneficiaries. Drawing on evidence from
a field experiment with the Earned Income Tax Credit program in California,
Bhargava and Manoli (2015) find that merely simplifying needlessly complex
program materials and processes could have increased the claiming rate from
14 to 23 percent.

On the other hand, governments may rely too heavily on insufficient infor-
mation, reducing the costs of determining access or compliance at the expense
of significant mistargeting. Soares, Ribas, and Osoério (2007) find that in Brazil's
Bolsa Familia cash transfer program, authorities adopted a less precise target-
ing method to avoid the high cost of verifying the income of roughly 11 million
households. Under this method, 59 percent of poor households were deemed
ineligible to receive the benefit. At the other extreme, governments may prioritize
accurate targeting and compliance even when verification is costly. Caldés and
Maluccio (2005) estimate that, in Nicaragua, the pilot cash transfer program, Red
de Proteccidn Social, incurred US$0.63 in administrative costs for every US$1
transferred to beneficiaries (although this figure includes substantial upfront
design, evaluation, and other fixed costs).

Digitalization can improve on these approaches by enabling governments to
verify eligibility and compliance at lower cost to both governments and benefi-
ciaries. By reducing administrative burdens, it can lower transaction costs and
expand access to services. When well designed and widely adopted, digital pub-
lic services can also improve government performance and strengthen the rela-
tionship between citizens and the state.

The Benefits of Digitalizing Government Transactions

Digitalization can accelerate administrative processes, broaden access to pub-
lic services, and strengthen citizen participation by enabling more convenient
and effective channels of interaction with government (lbrahim et al. 2025).
Compared with in-person procedures, digital channels are generally faster, less
costly for users and governments, and less susceptible to corruption (Roseth,
Reyes, and Santiso 2018).

217



218

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

Reductions in Transaction Costs for Individuals and Firms

In Latin America and the Caribbean, in-person procedures can take, on aver-
age, nine times longer than digital procedures. Figure 11.4 disaggregates the
data presented in Figure 11.3 to distinguish the two. According to Panel A of
Figure 11.4, digital procedures in the region take an average of approximately
40 minutes, while, as Panel B shows, in-person procedures take approximately
six hours. The difference varies considerably across countries, but digital pro-
cedures are consistently much faster than in-person ones.

Case studies reinforce the country-level data. Colombia introduced
iADenunciar!, a virtual platform to report crime. It reduced average reporting
times from 90 to 40 minutes. Within 18 months of its 2017 launch, it received
17 percent of all complaints filed in the country. Consistent with the notion
that lower-stakes crimes are more sensitive to reporting costs, reports of theft
increased by 27 percent in the first month (National Police of Colombia 2019). In
Bolivia, applicants randomly assigned to a digital identification renewal process
completed the procedure 40 percent faster and were 23 percentage points
more likely to complete it successfully than those assigned to the standard
process (Chong, Veldsquez, and Yafiez-Pagans 2022). Outside the region, in
Tajikistan, experimental evidence indicates electronic tax filing reduced the
time firms spent on tax-related activities by about 40 percent (Okunogbe and
Pouliquen 2022). A study of tax compliance costs using cross-country evidence
points in the same direction: The adoption of e-filing systems with electronic
payment functionality reduced the time firms spent preparing and paying taxes
by 27 percent five or more years after adoption (Kochanova, Hasnain, and
Larson 2020).

Evidence from Hungary illustrates the gains from digitalization at the
municipal level. Szedmak, Varga, and Szabd (2025) analyze the digital transfor-
mation of services, ranging from urban planning and municipal transportation
to waste management and education, across more than 3,000 municipalities.
By the end of 2022, electronic case management was 32 days faster than
paper-based case management and 14 days faster than hybrid systems. An
open government data initiative in 315 Chinese cities reduced overtime work by
public officials by 10 percent by improving information management, reducing
the number of manual tasks, and strengthening interdepartmental coordination
(Wu 2026).

Firms also benefit from digitalization efforts in administrative areas other
than taxation. In Sdo Paulo, Brazil, for example, the Empreenda Facil program
streamlined and digitalized the process for registering firms engaged in low-risk
activities, cutting the time required to open a business from more than 100 days
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Figure 11.4. Average Time for Procedures using Digital versus In-Person
Channels across Countries
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Note: The estimate for Latin America and the Caribbean is the unweighted average across the countries
included. Within each country, estimates use sampling weights for national representativeness.

to 5 and reducing the number of in-person visits from four to one (Pizzolato
Gongalves and Venijio Maggion 2022). The Electronic Business Registration
Form in Jamaica consolidated 13 forms into 1 and enabled entrepreneurs to
interact with multiple agencies through a single digital window. Registration
times fell from five days to one or two (Roseth, Reyes, and Yee Amézaga 2021).
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Savings in Government Administrative Costs

The fiscal returns to governments of digitalization are as compelling as the
reductions in transaction costs for individuals and businesses. Using digital
procedures to process requests for services reduces costs to governments in
Latin America and the Caribbean by 40 to 98 percent compared to in-person
procedures (Pizzolato Gongalves and Venijio Maggion 2022; Roseth, Reyes,
and Santiso 2018). In S&o Paulo, the government’s unit cost of processing
public service requests fell by an average of 40 percent following the digital
transformation of the services analyzed. In just the first 12 months following
digitalization, the estimated savings amounted to US$27 per US$1 invested in
digital transformation (Pizzolato Gongalves and Venijio Maggion 2022).

Colombia’s Ministry of Telecommunications documented similarly large
savings: Digitalizing nine local government procedures reduced administra-
tive costs by 53 to 90 percent relative to in-person delivery (MinTIC 2014).
Comparative data from Australia, Mexico, Norway, and the United Kingdom
indicate that in-person transactions cost the government between US$9 and
US$15, compared to about US$0.50 for a digital transaction (Roseth, Reyes,
and Santiso 2018).

Corruption Prevention

Digitalization can also reduce opportunities for corruption by replacing
discretionary, face-to-face interactions with transparent, rule-based
digital channels. Digital channels can record each step, send automatic
notifications, and create auditable electronic records. In India, Karnataka’s
Bhoomi project placed rural property records online and thus eliminated
officials’ ability to solicit bribes for access to land records; the project saved
an estimated 7 million farmers 1.32 million working days and Rs. 806 million
in informal payments (Bertot, Jaeger, and Grimes 2010; Transparency
International 2003).

These anticorruption gains can be amplified when digitalization is com-
bined with reforms to payment and verification systems. When India’s Mahatma
Gandhi National Rural Employment Guarantee Scheme replaced advance pay-
ments with digital “just-in-time” disbursements, it reduced program expendi-
ture by 24 percent, decreased the incidence of “ghost workers,” and cut the
personal wealth of program officials by 10 percent (Banerjee et al. 2020). The
introduction of biometric smartcards for wage and pension payments reduced
leakage by nine times the program’s cost. Combined returns from time savings
and reduced leakage reached almost ten times the program’s cost. Nearly all
beneficiaries (90 percent) preferred the new system (Muralidharan, Niehaus,
and Sukhtankar 2016).
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Finally, the anonymity of digital procedures can advance equity by reducing
stigma and exposure to discriminatory treatment. This benefit may be particularly
relevant for historically marginalized groups, including Indigenous peoples, Afro-
descendants, people with disabilities, and victims of conflict, for whom in-person
interactions with public officials can carry significant social and personal risks
(Chen and Chen 2024). These benefits may not be universal, however; evidence
from other settings shows that anonymization can sometimes disadvantage
marginalized groups (Behaghel, Crépon, and Le Barbanchon 2015). More
research is needed in the region to assess how digital procedures affect access
and take-up among these populations.

Why Digital Public Services Remain Underused

Digitalization of government transactions remains incomplete across Latin
America and the Caribbean. As shown in Chapter 3, 83 percent of adults in the
region use the internet, only 10 percentage points below the average for countries
in the Organisation for Economic Co-operation and Development (OECD); yet just
26 percent interact with government online, compared with 70 percent in OECD
countries (Global Findex Database 2025; LAPOP AmericasBarometer, 2025-26;
Barbados Digital Literacy Survey, 2026; Eurostat, 2025; ITU DataHub, 2022-25).
Broad internet access has, therefore, not yet translated into widespread use of
digital government services.

Moreover, the savings in transaction costs and government spending are
greatest when governments digitalize the services most heavily used by groups
(often socially vulnerable populations) subject to the highest transaction costs, and
those groups do adopt the digital channel. Yet the most frequently used govern-
ment services tend to have relatively low rates of digital take-up, either because no
digital option is available or because users continue to rely on in-person channels.

Figure 11.5 summarizes comprehensive survey data on citizen-reported
government transactions and channel use in Latin America and the Caribbean in
2023-24 (Pombo et al. 2025). The most common transactions—identification and
civil registration, reported by 33 percent of citizens, and public health-related
procedures, reported by 32 percent—have relatively low digital adoption rates of
15 percent and 11 percent, respectively. By contrast, less common transactions,
such as business permits and procedures, reported by just 3 percent of the popu-
lation, have considerably higher digital adoption rates, at 30 percent.

On the demand side, gaps in broadband access, low digital confidence, and
lack of awareness can prevent citizens from using available digital services. On
the supply side, governments may fail to provide digital options or may offer ser-
vices that are incomplete, unreliable, or difficult to navigate. Both sets of con-
straints can help explain the patterns shown in Figure 11.5.
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Figure 11.5. Most Common Transactions versus Digital Channel Use

Identification and registration
Public health

Vehicle and driver services
Public education

Criminal records

Public employment

Social benefits

Taxation

Public safety and justice
Housing

Business

Migration

Percent
W Fraction of individuals who completed the procedure
M Of those who completed the procedure, fraction who did so online

Source: IDB staff calculations, based on data from the Citizen Survey on Government Transactions and
Equity, 2023-24; see Pombo et al. (2025).

Note: The figure shows the fraction of respondents who reported completing the procedure within the
12 months preceding the survey. The percentage of people who completed a given procedure digitally is the
number of respondents who completed the procedure online divided by the total number of respondents
who reported completing the procedure within the 12 months preceding the survey. Reported values are
unweighted averages across countries. Estimates are based on the same countries as in Figure 11.2. Within
each country, estimates use sampling weights for national representativeness.

Demand-Side Factors

Demand-side barriers to the use of digital public services are not evenly dis-
tributed across the population. They are often greatest among people who incur
high costs when seeking access to government services through traditional
channels and could, therefore, benefit most from a convenient digital alterna-
tive. The goal is not to shift everyone online, but to ensure that citizens who
could benefit from digital services have the resources, skills, knowledge, and
confidence to use them.

Resources and Skills to Use Digital Public Services

As Chapter 4 observes, factors that constrain citizen take-up of digital channelsin
Latin America and the Caribbean include limited connectivity; lack of appropriate
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devices; weak digital skills; low trust in government and/or digital processes; and
limited awareness of online options.

Most citizens in the region have access to broadband connectivity and digital
devices, but for some digitalization is out of reach. Among citizens who com-
pleted their last government transaction in person in the past 12 months, only
25 percent had computers at home, compared to 54 percent of those who used
digital channels.

The lack of digital skills, as well as the lack of confidence in digital skills, discour-
ages the use of digital channels. About 20 percent of citizens in Latin America and
the Caribbean report being unable to perform any of seven basic digital tasks, rising
to 43 percent among older adults. Only 28 percent report a high level of confidence
(Pombo et al. 2025). Figure 11.6 shows a clear association between individuals’ con-
fidence in their digital skills and their use of digital channels. Of those who used only
the digital channel, more than a quarter reported the greatest confidence in their
digital skills, compared to 17 percent of those who used only in-person channels.

Figure 11.6. Level of Digital Skills in the Last Procedure, by Channel Used

100

80 -
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Digital Mixed In-person No channel used

Level of digital skills: = 0 ©1 12 W3 W4 W5 W6 W7

Source: IDB staff calculations, based on data from the Citizen Survey on Government Transactions and
Equity, 2023-24; see Pombo et al. (2025).

Note: The survey asked respondents to assess their skills regarding these seven tasks: identifying keywords
in internet searches, installing mobile applications, sending emails with attachments, scanning documents,
modifying privacy settings on websites, identifying truthful information online, and recognizing risky information
before sharing it online. The question was, “Now | am going to read you a list of activities you could carry out on
the Internet. Please tell me whether or not you feel confident in your ability to perform these tasks independently
with minimal difficulty, using one of the following options: confident, somewhat confident, not at all confident.”
Reported values are unweighted averages across countries. Estimates are based on the same countries as in
Figure 11.2. Within each country, estimates use sampling weights for national representativeness.
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Skills and digital confidence are, like connectivity, correlated with other
characteristics that are often associated with disadvantaged groups. Skills vary
across education levels, age groups, and disability conditions, for example.
Digital procedures are considered difficult by 26 percent of low-education users
in the region, compared with 14 percent of high-education users; by 32 percent
of people with disabilities, compared with 19 percent of people without; and by
27 percent of older adults, compared with 15 percent of younger users (Pombo
et al. 2025). These gaps are concerning because many programs target
precisely these socially and economically vulnerable groups, who could stand
to benefit most from the large-scale adoption of digital public services.

Awareness

When citizens lack access both to technology and digital skills, the potential of
digitalization to reduce transaction costs, generate government savings, and
reduce corruption in service delivery is significantly constrained. But even when
citizens have access and skills, the widespread use of digital public services is
influenced by another factor: awareness that these services exist.

Firms and individuals typically gain access to digital services through their
country’s main central government portal or domain. Awareness of the portal,
however, remains low among people across the region and is highly correlated
with whether they report using digital channels. Only 32 percent of individuals
who did not undertake a government transaction in the preceding 12 months are
aware of their country’s single domain; the share rises to 38 percent among in-
person users of government services, 60 percent among mixed-channel users,
and 65 percent among those who completed their procedure fully online (Pombo
et al. 2025).

Awareness is lowest precisely among those who stand to benefit most.
Only 30 percent of citizens with elementary education or less, 31 percent of
people with disabilities, 35 percent of adults ages 55 or older, and 36 percent
of rural residents are aware of the main central government portal, compared
with 66 percent of the highly educated, 44 percent of people without disabili-
ties, 46 percent of adults ages 18-34, and 47 percent of urban residents (see
Figure 11.7).

Supply-Side Limitations

Naturally, digital adoption also depends on the quality of the services govern-
ments provide. From the supply side, the challenge is not simply to offer services
online but to ensure they are reliable, widely accessible, and easy to use. User-
centered design that minimizes frictions is essential if digitalization is to reduce
administrative burdens and deliver meaningful efficiency gains.
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Figure 11.7. Awareness of the Main Central Government Portal across
Demographic Groups

Latin America and the Caribbean
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Source: IDB staff calculations, based on data from the Citizen Survey on Government Transactions and
Equity, 2023-24; see Pombo et al. (2025).

Note: Reported values are unweighted averages across countries. Estimates are based on the same countries
as in Figure 11.2. Within each country, estimates use sampling weights for national representativeness. Two
averages are presented for the non-Indigenous and non-Afro-descendant population: (a) without Brazil;
and (b) without Guatemala, Honduras, and Paraguay. Because of reduced sample sizes in the surveys,
Brazil is excluded from the mean of the Indigenous population, and Guatemala, Honduras, and Paraguay are
excluded from the mean of the Afro-descendant population.

A basic obstacle is that not all public service procedures are available online.
Many procedures are entirely offline or only partially digitalized, a situation that
limits the potential benefits of digital transformation. In this regard, Table 11.1
illustrates the cases of Mexico and Brazil; for the former, few services can be
initiated and completed online (except those related to taxation), whereas in the
latter, almost all public services are digitalized.
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Table 11.1.  Available Digital Public Services in Mexico and Brazil

Mexico Brazil
Percentage Percentage Percentage Percentage
that can that can be that can that can be
Type of Number of bestarted completed Numberof bestarted completed
procedure  procedures online online procedures online online
Taxation 63 71 65 315 100 100
Public 131 47 21 1,525 87 78
education
Migration 163 42 2 53 100 100
Identification 30 33 13 42 100 98
and
registration
Social benefits 156 28 24 158 93 87
Vehicle and 29 28 28 102 94 94
driver
services
Public health 171 24 6 715 82 80
Public 52 23 13 86 98 95
employment
Business 333 16 15 1,391 97 94
Housing 76 16 14 83 95 93
Public safety 146 2 1 425 94 89
and justice
Other 3N 10 7 91 97 95

Source: Pombo et al. (2025).

Poor design also suppresses take-up. Confusing user interfaces and
unresponsive servers lead individuals to give up on digital channels and
seek in-person assistance. Some populations with disabilities can use only
those digital services that accommodate the specific challenges they
confront. Few government portals in the 20 countries included in this analysis
largely comply with web accessibility standards, however; they fall short in
accommodating users with visual impairments and other physical challenges,
who might benefit from keyboard navigation, alternative text for screen readers,
mobile-responsive layouts, or simple language that is easily understood by all
(see Table 11.2).

As a result, users with visual, motor, or cognitive disabilities, as well as those
with low literacy, can face barriers built into the design of digital platforms, which
often assume an “average user.” Addressing these barriers requires incorporating
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universal design principles from the outset so that digital public services are
accessible to a wider range of users.

Policy Recommendations

Digitalization can reduce the time and monetary costs of government trans-
actions, lower administrative costs, and reduce opportunities for corruption.
Realizing these gains requires deliberate changes in how governments design
and deliver services. Four policy actions stand out.

Empower lead digital institutions to coordinate digitalization efforts
and explore uses of artificial intelligence (Al). The digitalization of trans-
actional services is technically demanding and has significant economies of
scope, as Chapters 1 and 4 emphasize. Governments should, therefore, for-
mally designate a digital-government institution as the lead coordinating body
for service digitalization that can deploy shared infrastructure, such as a sin-
gle government domain, digital identification, and interoperability platforms
that let agencies exchange data without duplicating requests to citizens.
Because transaction reform changes how public agencies operate, invest-
ments in technology should be accompanied by investments in organizational
capacity. This institution should also monitor emerging Al uses in government
transactions, such as specialized agents that help citizens get access to ser-
vices, and support small-scale, well-evaluated exploration, given how limited
the evidence base still is, addressing such risks as data breaches and cyber-
security vulnerabilities.

Prioritize end-to-end digital transformation of high-demand transactions
using mobile-first, inclusive design. Expanding the number of services available
online remains important, but putting up forms and procedures is not enough.
Governments should prioritize high-demand and high-burden services and rede-
sign them from end to end, simplifying requirements, integrating back-end data,
and reusing shared digital infrastructure so citizens are not repeatedly asked
for information the state already holds. Digital channels should be optimized for
mobile phones and designed from the outset to be accessible to users with dif-
ferent levels of digital skills and connectivity.

Redesign procedures to reduce discretion and close corruption loopholes.
Where transactions currently depend on case-by-case official judgment, replace
discretionary steps with automated, rules-based processing wherever eligibility
criteria can be clearly codified, and require digital audit trails for any remaining
manual decisions. Sector ministries and anticorruption agencies should jointly
identify which procedures carry the highest corruption risk and prioritize those
for automation. This reduces the opportunities for the bribery and informal pay-
ments that arise when officials retain unchecked discretion over service access.



FROM RED TAPE TO REAL TIME: DIGITALIZING GOVERNMENT TRANSACTIONS

Improve in-person services for underserved populations. Many people in
Latin America and the Caribbean will not be able to or will not choose to use
digital channels for public services in the near term given gaps in connectivity,
device access, and digital skills and awareness, along with persistent
preferences for in-person or phone interactions. Governments must, therefore,
maintain and strengthen nondigital delivery by drawing on global best practices,
like consolidating services from multiple agencies under one roof; ensuring
physical, linguistic, and cognitive accessibility; and expanding proximity through
widespread service centers, mobile units, or temporary service fairs that bring
the state closer to citizens.
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Removing Barriers to the
Technology Sector

Digital technologies are reshaping production, consumption, and public service
delivery, with the potential to improve welfare, firm productivity, and government
efficiency. Other chapters of this book examine the ways in which they do. But
digital services do not emerge on their own. They are the product of firms that
invest in developing solutions and bringing them to market, a process that, as
Chapter 2 explains, artificial intelligence (Al) can transform. This chapter, accord-
ingly, takes a supply-side perspective, examining the barriers standing in the way
of firms that provide digital services in Latin America and the Caribbean.

Consistent with the International Monetary Fund's approach, the chapter
defines digital service providers broadly to include information and communica-
tions technology (ICT) services, online platforms, and platform-enabled services,
collectively referred to as the tech sector (IMF 2018).

Before proceeding, it is useful to ask why a country should seek to develop
a domestic tech sector. One motivation is structural transformation. Technology-
intensive sectors tend to have higher productivity and faster growth, so their
expansion could raise aggregate productivity. Yet high productivity alone may
not justify promoting the sector if its activities generate limited spillovers.
The broader relevance of tech sectors stems from their role in expanding the
technologies and services available to firms, thereby enhancing economy-wide
efficiency (Acemoglu, Akcigit, and Johnson 2026).

A complementary argument concerns absorptive capacity. Local technology
firms, skilled workers, and specialized providers adapt foreign technologies to
local conditions. By lowering adoption costs, the adaptation helps other domestic
firms—particularly those at early stages—take up these technologies (Choi and
Park 2025) and speeds diffusion and digital transformation. This can, in turn, con-
tribute to higher productivity and output (Chapter 2).

This chapter does not argue that every country should develop a large
domestic tech sector or seek to replicate Silicon Valley. Policies forcing special-
ization have often yielded disappointing results. At the same time, consistent evi-
dence of cross-sector spillovers clearly suggests the benefits of some domestic
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technological capability. The discussion presented here is grounded in a nuanced
perspective. It sees benefits for countries in cultivating targeted technological
competencies that complement existing comparative advantages but does not
view tech sector development as an end in itself.

Understanding the Tech Sector in Latin America and the Caribbean

To understand better the barriers encountered by suppliers of digital services, it
is useful to characterize the sector both across several aggregate indicators and
in terms of firm attributes.

Tech Sector Aggregate Indicators

The digital sector accounts for a smaller share of economic activity in Latin America
and the Caribbean than it does in other regions. Computer programming and
information services represent 3.2 percent of output in Organisation for Economic
Co-operation and Development (OECD) countries (excluding Latin America
and the Caribbean), compared with 1.1 percent across seven Latin American
countries.! The share is highest in Costa Rica (2.2 percent), followed by Argentina
(1.6 percent), Brazil (1.5 percent), Chile (1.3 percent), Colombia (0.8 percent), Peru
(0.2 percent), and Mexico (0.1 percent).

The prevalence of digital service providers can also be assessed using
Crunchbase, a platform that aggregates funding information on technology com-
panies and startups.? Figure 12.1, constructed using Crunchbase data, shows
digital sector firms in Panel A and the subset engaged in Al-related activities in
Panel B.In both panels, most countries in the region fall below the trend line, indi-
cating fewer digital firms than their economic size would predict.

The same data can be used to compare the prevalence of firms in subsectors
such as agtech, fintech, edtech, greentech, and govtech. Relative to OECD countries,
digital firms in Latin America and the Caribbean are less prevalent across all catego-
ries. The region lags in fintech (gap of 4.3 firms per million people), in edtech (5.6 firms
per million people), in agtech (3.9 per million), and in greentech (2.6 per million). These
deficits persist even after controlling for differences in country size and income levels.®

T IDB staff calculations, based on the 2025 edition of the OECD Trade in Value Added (TiVA)
dataset. Figures refer to 2022, the latest year available. Shares are calculated as sector
gross output relative to total gross output. The sector comprises computer programming,
consultancy, and information service activities (ISIC Rev. 4 codes 62 and 63).

The Crunchbase data should be interpreted with caution. The data provide an indication of
the entrepreneurial ecosystem in the country rather than a comprehensive account of the full
universe of firms.

After controlling for GDP and GDP per capita, the difference between OECD and Latin
American and Caribbean countries remains in all subsectors except govtech, where it is no
longer statistically significant.
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Figure 12.1. Prevalence of Digital Firms
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Exports of digital services and multinational presence provide two further
perspectives (Figure 12.2). Most Latin American and Caribbean countries fall
below the trend line in both dimensions, indicating underperformance relative to
economic size.

Figure 12.2. Exports and Multinational Activity
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over 2018-23. Panel B data correspond to multinationals in 2022 in the following North American Industry
Classification System (NAICS) sectors: 518 (computing infrastructure providers, data processing, web
hosting, and related services) and 5415 (computer systems design and related services).
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In sum, the region’s digital sector is small relative to other regions across sev-
eral dimensions—specifically, output share, firm counts, trade, and multinational
presence.

Profile of Digital Firms

Beyond these aggregate outcome indicators, the profile of digital firms in the
region should also be understood. This section examines some of the most rel-
evant attributes of digital firms identified in the literature.

A primary characteristic of digital service providers is their reliance on
research and development (R&D). The intangible products they develop require
rapid updates to avoid obsolescence (Varian 2019). Because innovation is
essential for competitiveness, these firms tend to be among the most R&D-
intensive firms across countries (OECD 2020). A second characteristic of digital
firms is the high skill level of the labor force; designing algorithms, software
platforms, or machine-learning models requires deep expertise and often an
advanced degree. A third characteristic is reliance on alternatives to traditional
bank financing, as digital firms often lack the tangible assets required as col-
lateral for bank loans.

The analysis that follows employs national innovation surveys to examine
the extent to which digital service providers in Latin America and the Caribbean
exhibit these characteristics. The analysis uses sectoral classification to separate
digital service providers (referred to as “tech firms”) from firms in the rest of the
economy (referred to as “nontech firms”).

Figures 12.3 and 12.4 confirm that tech firms in the region exhibit the char-
acteristics mentioned above.* They have an innovation-to-sales ratio about four
times higher than nontech firms, and the share of skilled workers is also about
three times greater. Regarding finance, the share of nontech firms using bank
financing is more than twice that of tech firms. These differences persist after
controlling for firm size and export orientation.’

Significant performance differences relative to firms in other regions remain,
however. On innovation intensity, for example, OECD data show an average R&D-
to-sales ratio of 5.3 percent among digital sector firms in 23 OECD countries
outside of the region; the share for Latin American and Caribbean countries is

4 This exercise first calculates each measure for every country and then computes the sim-
ple average across countries.

Regressions controlling for firm size and export status indicate that, relative to nontech
firms, tech firms have a 4.6-times higher innovation ratio, a 24-percentage-point higher
share of skilled workers, and a 12-percentage-point lower probability of obtaining bank
credit.

5
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Figure 12.3. Innovation Intensity and Skill Level
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Source: DB staff calculations, based on microdata from the Harmonized Latin American Innovation Surveys
Database, IDB, 2015-20 (Crespi et al. 2022).

Note: Sectoral classification is used to separate digital service providers (referred to as “tech firms”) from firms
in the rest of the economy (referred to as “nontech firms”). The following sectors are used as proxies for ICT
firms: ISIC Rev. 4 codes 62 (computer programming, consultancy, and related activities) and 63 (information
service activities). Reported values are unweighted averages across Colombia, Ecuador, Panama, Paraguay,
Peru, and Uruguay.

Figure 12.4. Sources of Funding for Investment in Innovation
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2015-20 (Crespi et al. 2022).

Note: Sectoral classification is used to separate digital service providers (referred to as “tech firms”) from
firms in the rest of the economy (referred to as “nontech firms”). The following sectors are used as prox-
ies for ICT firms: ISIC Rev. 4 codes 62 (computer programming, consultancy, and related activities) and 63
(information service activities). Reported values are unweighted averages across Colombia, Ecuador, Panama,
Paraguay, Peru, and Uruguay.
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only 0.6 percent.® Digital firms in the region thus invest substantially less in R&D
than their OECD peers.

On skilled labor, U.S. Bureau of Labor Statistics data show that high-skill
workers account for 63 percent of employment in the computing services sector
in the United States—16 percentage points above the share in Latin American and
Caribbean countries (see Figure 12.3, Panel B).

On funding, Crunchbase data show Latin American and Caribbean com-
panies significantly behind OECD peers. Figure 12.5 shows that digital service
providers in the region raise an average of US$1.7 million per firm, compared to
US$2.1 million in OECD countries and US$7.2 million in the United States. The
contrast is sharper for Al-related firms. The funding gaps persist after controlling
for country size and income level and are particularly pronounced for companies
providing Al-related services.”

Barriers Faced by Digital Service Providers

The previous section shows weaker outcomes for the digital sector in Latin
America and the Caribbean relative to international peers, suggesting firms in the
region face barriers to growth. These barriers are explored below.

The analysis again uses national innovation survey data. Table 12.1 presents
the shares of tech firms and nontech firms reporting various factors as obstacles,
as well as the difference between the two shares.

The largest share of responses points to small market size as a constraint,
suggesting part of the region’s underperformance may stem from insufficient
demand. This challenge is not unique to the digital sector, however. More reveal-
ing are the obstacles identified by a larger share of tech than nontech firms, indi-
cated by the higher numbers in the third (“Difference”) column.

The largest difference between tech and nontech firms concerns intellec-
tual property rights. Because information-based services are costly to develop
but cheap to reproduce, intellectual property protection is particularly important
for tech firms to capture returns on their investments (Varian 2019). Another
notable difference is the shortage of skilled human capital. Since skilled workers

5 The analysis combines OECD data on sectoral sales and research and development investment

to calculate R&D-to-sales ratios, using ISIC Rev. 4 codes 62 and 63 as a proxy for ICT firms.
Countries covered are Australia, Belgium, the Czech Republic, Germany, Denmark, Estonia,
Finland, France, Greece, Hungary, Israel, Italy, Korea, Latvia, Lithuania, the Netherlands,
Norway, Poland, Portugal, Spain, Slovakia, Slovenia, and Turkiye. The figure for Latin America
and the Caribbean comes from the six national innovation surveys used in Figure 12.3.

After controlling for GDP and GDP per capita, average funding per company in OECD coun-
tries remains 3.4 times higher than in Latin America and the Caribbean for Al-related firms,
while the gap for digital service providers falls to 0.3. Thus, funding deficits remain but are
considerably larger for Al-related firms.
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Figure 12.5. Average Total Funding per Company
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Table 12.1. Share of Firms Reporting Given Factor as an Obstacle to Innovation

Obstacle Tech Nontech  Difference
Small market size 0.647 0.676 -0.029
Lack of science, technology, and innovation policies 0.631 0.607 0.024
Lack of infrastructure 0.617 0.610 0.007
Lack of skilled human capital in the firms 0.598 0.555 0.043
Lack of internal financial resources 0.577 0.579 -0.002
Lack of external financial resources 0.526 0.499 0.027
Intellectual property rights system 0.526 0.425 0.101

Source: |DB staff calculations, based on the Harmonized Latin American Innovation Surveys Database, IDB,
2015-20 (Crespi et al. 2022).

Note: The table reports the difference between tech and nontech firms. Differences are statistically signifi-
cant at the 10 percent level for lack of science, technology, and innovation policies, at the 5 percent level for
lack of skilled human capital in firms and for small market size, and at the 1 percent level for lack of external
financial resources and for intellectual property rights system. Sectoral classification is used to separate
digital service providers (referred to as “tech firms”) from firms in the rest of the economy (referred to as
“nontech firms”). The following sectors are used as proxies for ICT firms: ISIC Rev. 4 codes 62 (computer
programming, consultancy, and related activities) and 63 (information service activities). Reported values
are unweighted averages across Colombia, Ecuador, Panama, Paraguay, Peru, and Uruguay.

represent a larger share of employment in technology, a limited pool of qualified
workers poses an important constraint.

Differences are also notable for two other obstacles. The first is the lack
of external financing; since digital firms’ intangible assets make traditional loans
difficult to secure, underdeveloped venture capital markets pose an important
barrier. The second is limited public support, reflected in the lack of science,
technology, and innovation policies.

An Inter-American Development Bank (IDB) survey of 102 Latin American
and Caribbean tech companies from the Crunchbase sample provides comple-
mentary insights (Figure 12.6). The most cited firm-level obstacles are limited
financing, insufficient internal resources, and difficulty finding qualified person-
nel. Among government-related factors, high taxes and lack of public support are
most prominent.?

The factors identified as major obstacles by tech firms in the IDB survey—
and as greater obstacles for tech than nontech firms in national innovation
surveys—are limited access to finance, difficulty finding qualified personnel, and
insufficient public support.

8 The results are consistent with another survey, in which firms in the region also identified

the lack of financing and access to venture capital as the main obstacle for startups devel-
oping Al; see Stubrin et al. (2026).
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Figure 12.6. Obstacles to Growth Faced by Digital Service Providers
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Note: The sample includes 102 digital sector firms—those providing software, information technology,
internet services, data and analytics, and platforms—from Latin America and the Caribbean. Reported val-
ues are unweighted averages across countries with available data.

The challenge of obtaining skilled human capital can be examined further
using additional datasets. LinkedIn data on Al talent provide an indication of the
scale of this constraint. These data show negative or near-zero net Al talent flows
in most Latin American and Caribbean countries, but OECD countries consistently
attract Al talent (see Figure 12.7, Panel A).° The domestic stock of advanced Al
talent is also very limited, with most countries in the region showing talent con-
centrations well below those of their OECD peers (see Figure 12.7, Panel B).®

An additional barrier associated with talent scarcity is a weak local knowl-
edge base. Knowledge-intensive firms benefit from proximity to universities,
research centers, and skilled professionals (Audretsch, Lehmann, and Warning
2005; Feldman and Kogler 2010). Figure 12.8 shows that locations with greater Al
research activity also tend to have more Al startups, across Latin America and the
Caribbean and OECD countries (Panel A), as well as Argentinean cities (Panel B).

9 Al talent net flows refer to the arrivals minus departures of LinkedIn members with Al skills
or Al occupations in each country over a specific period, normalized by the number of
LinkedIn Al members in the country at the end of the period and multiplied by 10,000.

19" Al talent concentration is calculated by dividing the counts of Al talent by the total number
of LinkedIn members in a country.
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Figure 12.7. Al Talent Flows and Concentration
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Note: Since LinkedIn data cover platform users rather than the full labor market, changes may reflect both labor
market dynamics and variations in platform use, as well as coverage across sectors, occupations, and countries.
Results should, therefore, be interpreted with caution. Linkedin members are considered Al talent if they explic-
itly include at least two Al skills in their profiles or if they are or have been employed in Al jobs. For the defini-
tion of Al skills and methodological guidance, see Hood, Kaura, and Carpanelli (2025). Country-group values
are unweighted averages across countries with available data. OECD excludes Latin American and Caribbean
countries. In Panel A, Al talent net flows refer to the arrivals minus departures of Linkedin members with Al skills
or Al occupations in given countries over specific periods, normalized by the number of LinkedIn Al members in
the country at the end of the period and multiplied by 10,000. In Panel B, Al talent concentration is calculated
by dividing the counts of Al talent by the total number of LinkedIn members in a country at the end of 2024.
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Figure 12.8. Relationship of Al Research Activity to Al Firms
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Note: Variables are measured per 100,000 inhabitants and expressed in natural logarithms using the
transformation In(x + 1) to retain observations with zero values. The dashed lines show the linear fit. In
Panel A, each point represents a country with available data. Latin America and the Caribbean covers
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sample includes only Argentinean cities with more than 200,000 inhabitants.

Regulatory barriers can also significantly hinder the creation and growth of
digital service providers. More than 20 percent of the firms surveyed by the IDB
identified this factor as a major obstacle to growth (see Figure 12.6).



REMOVING BARRIERS TO THE TECHNOLOGY SECTOR

Market access restrictions on foreign digital service providers reduce
competition and service availability while limiting domestic firms’ opportuni-
ties to learn from global competitors and raising input costs. Figure 12.9 shows
these restrictions in Latin America and the Caribbean, using the Services Trade
Restrictiveness Index (STRI) for computer and related services." The region falls
in the middle of the regional distribution, although some countries remain highly
restrictive. Reducing these barriers would increase competition and diversify the
supply of computer services.

Finally, a lack of public support emerges as a constraint on innovation and
growth in both the national innovation surveys and the IDB survey. The next sec-
tion discusses the rationale for public interventions in this sector (many of which
are designed to address the obstacles identified above), proposes a frame-
work for classifying these measures, and reviews empirical evidence on their
effectiveness.

Figure 12.9. STRIin Computer Services

50 47
46
« 43 44 43 45
3 40 4
S 40 - 38 38 39
E 36
e 33 32
g
5 30
2 25
@
4]
I 20
P 4
16
B 14
=
wv
8 'IO,
2
9]
wn
O T T T T T T T T T T T T T T T
© > [} = © v © > o © © [} = |T Cc © o) ©
9] © N o = = = = ] 9] = N c © 9] ‘A
= = ©- £ o =2 T 2 £ = = u 2
E o2 fE 2 ES oz T 0 & G8 <
I = o] 5 O = = c o2 £
- =) w o o o o 3 BE <<
< - U ] eV S
I <o ©
9 < O
£ £*¥ =
5 5
(&)

Source: DB staff calculations, based on the Services Trade Policy database, the World Trade Organization’s
Integrated Trade Intelligence Portal (I-TIP). Data for most countries are for 2022.

Note: Country-group values are unweighted averages across countries with available data. North America
refers to Canada and the United States. Asia refers to the Asia-Pacific region and encompasses the mem-
bers of the Regional Comprehensive Economic Partnership (RCEP) agreement for which data are available.
EU refers to European Union members.

" The STRIis based on the WTO I-TIP Services Trade Policy Database. It aggregates regula-

tory measures, scored by their level of restrictiveness, into an index.
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Policy Discussion

Tech firms are subject to well-known market failures throughout the innova-
tion process (discussed in Chapter 4). Digital services rely on knowledge that
is costly to produce but easy to reproduce, creating a gap between private and
social returns. Knowledge spillovers limit firms’ ability to capture the benefits of
R&D (Griliches 1992; Bloom, Schankerman, and Van Reenen 2013), particularly
in digital sectors where technologies diffuse rapidly. These problems may be
more severe in emerging economies with less mature innovation systems and
weaker intellectual property protection (Stiglitz 1989; Cirera and Maloney 2017).
Firms themselves identify weak intellectual property regimes as a major barrier
to innovation.

A second challenge is access to finance. Digital firms rely heavily on intangi-
ble assets, which are difficult for lenders to value and create uncertainty for inves-
tors (OECD 2020; Demmou and Franco 2021). While venture capital can reduce
this shortfall, it remains limited in Latin America and the Caribbean. Indeed, the
innovation surveys and the IDB survey identify lack of external financing as a
major barrier to growth.

A third constraint is the shortage of advanced digital skills. Firms may under-
invest in training because skilled workers are highly mobile, creating human capi-
tal externalities and limiting the supply of qualified workers (Crespi et al. 2024;
Rao 2015). Innovation surveys and the Crunchbase sample identify skill scarcity
as a common obstacle to digital firms’ growth.

Beyond firm-level factors, technology development depends on the qual-
ity of the ecosystem. The region hosts fewer digital and Al firms than its size
would suggest and has weaker global linkages (Bakker et al. 2024; IDB 2024).
These patterns may partly reflect coordination failures. As highlighted in Chapter
4, digital innovation requires complementary investments in broadband, data
governance, and cybersecurity, whose absence can discourage investment in
subsectors such as fintech, edtech, or generative Al.

Finally, scale matters. As discussed in Chapter 1, digital business models rely
on network effects and economies of scale, and markets in Latin America and
the Caribbean are relatively small and fragmented (ECLAC 2018). Firms’ frequent
identification of small market size as an obstacle reflects the difficulty they have
in building the user bases needed for cost recovery and growth.

Taken together, these mechanisms suggest market forces alone may not
be sufficient to generate the level of investment, experimentation, and scal-
ing required to develop a dynamic digital sector, particularly in contexts where
regulatory frameworks and supporting institutions remain incomplete or uneven.
Innovation in digital services is shaped by a combination of structural externalities,
intangible assets, information gaps, coordination failures, and scale economies
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that influence firms’ incentives across their life cycles. Thus, individual market
failures may compound each other, amplifying barriers to firm entry, innovation,
and scaling.

The tendency of constraints to reinforce one another suggests that isolated
interventions are unlikely to be sufficient. When multiple constraints simulta-
neously affect firms’ incentives to innovate and scale up, effective responses
often require coordinated policy approaches that address several bottlenecks
at once.

These conceptual insights provide a rationale for an active public role. The
task of public policy is not to substitute for market processes or to “pick win-
ners” but to correct the misaligned incentives that prevent firms from investing,
innovating, and scaling up at levels consistent with their technological potential.
Because constraints interact, effective responses require a combination of policy
tools that reshape incentives, expand capabilities, and strengthen the operating
environment.

The policy response outlined below draws on a framework developed by
Crespi, Fernandez-Arias, and Stein (2014). It distinguishes public goods from
market-oriented instruments and horizontal from vertical measures. Horizontal
public good interventions address economy-wide constraints with limited dis-
tortion risk, while vertical market interventions—subsidies or targeted tax
incentives—directly affect firm profitability and require stronger institutional
capacity and transparent selection criteria. For the digital sector, the notion of
public goods is expanded to include nonrival digital enablers, such as data gov-
ernance frameworks, cybersecurity standards, and digital identity systems, while
vertical instruments are intended to target specific subsectors, such as fintech,
edtech, and Al.

Using this modified framework, the available policy tools (presented below
and in Table 12.2) can be connected directly to the failures highlighted in the
analysis presented above:

e Horizontal public good interventions, such as digital governance
frameworks covering data protection, cybersecurity, and intellectual
property, reduce uncertainty and facilitate product development. Talent
programs address skill shortages, while open platforms, such as digital
identity systems, reduce fixed costs and alleviate coordination failures.

e Horizontal market interventions correct incentive problems at the firm
level. R&D grants, innovation vouchers, and tax incentives counteract
underinvestment in intangible assets, while accelerators and capability-
building programs help firms overcome information asymmetries.

e Vertical public good interventions target specific digital subsectors.
Regulatory sandboxes enable supervised experimentation where
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Table 12.2. Public Policies to Promote Digital Service Providers

Type of policy

Horizontal
(applies across
all digital firms)

Public goods

National digital infrastructure (e.g.,
broadband backbones)

Market interventions

R&D tax credits that explicitly cover
software and IT services

Digital governance frameworks
(e.g., intellectual property
protection for software, open data,
cybersecurity standards)

Competitive grants for software
product development

Talent pipelines (e.g., coding
schools, advanced programs in Al)

Startup acceleration programs with
funding and mentoring for digital
entrepreneurs

Open digital platforms (government
application programming interfaces,
or APIs, interoperability standards)
accessible to firms

Seed funds or voucher schemes for
early-stage digital startups

Vertical
(targeted to
specific digital
subsectors, e.g.,
fintech, edtech)

Regulatory sandboxes to test new
business models safely

Co-investment schemes with
private venture capital in digital
subsectors

Sector-focused innovation districts
or digital parks with shared labs,
testing facilities, and incubators

Public procurement of innovative
software solutions

Certification and quality standards
for specific industries

Export promotion tailored to digital
firms (trade missions, digital market

access support)

Source: IDB staff.

regulatory uncertainty is high.'? Sectoral testbeds and domain-specific
datasets provide the infrastructure to develop frontier applications in
financial services, education, or health.

e \Vertical market interventions mobilize resources toward niches where
social returns are high but private incentives remain weak. Co-investment
schemes involving venture capital can catalyze investment in emerging
digital activities; export promotion and soft-landing programs help firms
enter larger markets; and public procurement for innovation creates early
demand, enabling firms to validate technologies and attract follow-on
investment.

Empirical evidence on the impact of these measures remains uneven. Most
rigorous evaluations focus on advanced economies and specific instruments.

12 A good example is the UK fintech sector, where firms participating in a regulatory sandbox
increased access to finance, innovation activity, and survival. These results underscore the
role of regulatory clarity in supporting tech sector development (Cornelli et al. 2024).
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While the evidence base is thinner for Latin America and the Caribbean, some
impact evaluations offer useful insights.

In Mexico, for example, evaluations of PROSOFT (Program for the
Development of the Software Industry) found positive impacts on revenues, job
creation, and export readiness (Secretaria de Economia 2009), with related evi-
dence also available for Argentina (Pereira, Barletta, and Yoguel 2016). These
results highlight the role of matching grants, certification support, and cluster
initiatives in addressing coordination failures and capability gaps that hold back
the development of domestic tech sectors.

Evidence from entrepreneurship and accelerator programs in the region also
points to the importance of combining financial support with mentoring, net-
works, and ecosystem services. The experience with Start-Up Chile, the Chilean
government’s seed accelerator, shows that structured acceleration schemes sig-
nificantly increase venture fundraising and early scaling, suggesting that reduc-
ing information asymmetries and strengthening signals to investors are critical
mechanisms for supporting technology-based startups (Gonzalez-Uribe and
Leatherbee 2018). These results also suggest that access to finance alone is
insufficient and that complementary nonfinancial inputs play a decisive role in
enabling tech firms to grow.

Moreover, descriptive and program-level assessments suggest that weak
foundational enablers (such as fragmented regulatory frameworks, skill short-
ages, and limited shared infrastructure) remain binding constraints that raise entry
costs and slow scaling (OECD 2019; Crespi, Fernandez-Arias, and Stein 2014).

The evidence indicates that narrowly focused programs tend to have limited
impact, whereas coordinated approaches can generate larger effects by exploit-
ing synergies across interventions. Innovation and firm growth, for example,
depend on the joint presence of such complementary capabilities as access to
finance, skilled human capital, knowledge infrastructure, and supportive regula-
tory conditions (Flanagan, Uyarra, and Laranja 2011; Cirera and Maloney 2017,
Guerzoni and Raiteri 2015), which in turn require a combination of policy instru-
ments rather than isolated interventions.

Policy Recommendations

A stronger digital sector can support innovation, technology adoption, and pro-
ductivity across Latin America and the Caribbean. This does not require building
a large tech sector everywhere but, rather, finding ways for digital capabilities
to complement existing strengths and generate broader spillovers. Four policy
actions are particularly important.

Modernize regulatory frameworks and expand market access. Governments
should strengthen the regulatory frameworks that enable digital markets to
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function effectively. This includes establishing balanced and predictable intellec-
tual property frameworks that preserve incentives for innovation while facilitating
knowledge diffusion, as well as implementing clear rules for data protection and
cybersecurity to build trust and reduce uncertainty. Governments should also
reduce unnecessary regulatory barriers that impede the entry and growth of
digital firms—including foreign firms—and limit their ability to compete alongside
established providers.

Support the development of digital talent and the knowledge base. Public
support should be directed toward expanding digital skills where firms under-
invest in training. Programs should be demand driven, designed with employ-
ers, adaptable to changing needs, and evaluated before scaling up. Governments
should also strengthen advanced education and research in science, technology,
engineering, and mathematics (STEM) fields, particularly in areas such as Al, and
foster connections among researchers, skilled professionals, and firms to trans-
late knowledge into new technologies and applications.

Improve access to finance and support innovation. Governments should
address underinvestment in innovation and financing constraints using instru-
ments tailored to firms’' needs. R&D grants, innovation vouchers, and appropri-
ately designed tax incentives can encourage firms to invest in innovation, while
credit guarantees and other risk-sharing mechanisms can facilitate access to
debt financing without replacing private lenders. For younger and higher-risk
firms, seed funds, accelerators, and public—private co-investment can help mobi-
lize equity and venture capital, particularly when combined with mentoring and
other capability-building services. Public support should target financing gaps
and catalyze private investment rather than substitute for market financing.

Coordinate policies to address interrelated constraints. Effective support
should combine complementary instruments to address the many bottlenecks
firms run into as they enter, innovate, and scale up. Policies for talent and
knowledge creation should be connected with innovation financing, credit,
and risk capital and aligned with appropriate regulatory frameworks and digital
infrastructure. Where relevant, sector-specific instruments, such as sandboxes,
testbeds, and public procurement, together with export promotion, can help firms
develop new solutions and reach larger markets.



Firms’ Adoption of Digital
Technologies: Drivers and
Effects

Latin America and the Caribbean faces a persistent productivity challenge. As
was discussed in Chapter 2, weak long-run growth largely reflects slow growth in
total factor productivity (TFP)—that is, the economy’s ability to generate income
from inputs—rather than systematically slower capital accumulation or labor
force growth (IDBG 2025). Even accounting for sector composition, the region’s
average firm productivity is significantly lower than in Asia’s emerging economies
and roughly four times lower than in countries in the Organisation for Economic
Co-operation and Development (OECD). And its TFP distribution lies markedly to
the left of both groups (Figure 13.1, Panel A).

Latin American and Caribbean firms also lag their OECD counterparts in the
adoption and effective use of digital technologies across the full digital chain
(Cirera, Comin, and Cruz 2022). This gap persists after controlling for firm size,
age, and sector. Firms in the region are less likely to maintain an online pres-
ence. They transact smaller shares of sales and payments electronically at higher
costs, interact less with the public sector digitally, and use less reliable and more
expensive internet infrastructure (Figure 13.1, Panel B). Alongside firms’ more lim-
ited online presence, individuals in the region are also less likely to transact online
than those in OECD countries, as documented in Chapter 3. And these deficits
are systematically wider among smaller firms.

Against this background, this chapter presents three main messages. First,
the adoption of digital technology is highly uneven across technology types (basic
versus advanced), firms (small versus large), and business functions (internal
functions focused on coordination versus outward-facing functions focused on
innovation). Basic, less integrated technologies are more common. Larger firms
tend to adopt more advanced technologies, particularly artificial intelligence (Al),
for internal, scalable, and coordination functions.

Second, digital technologies display systematic coadoption patterns. More
sophisticated, data-intensive applications and Al are concentrated among firms
that also use a broader set of basic technologies, while the reverse is much
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Figure 13.1. Productivity and Digital Technology Adoption Gaps
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Effects not statistically significant at the 95 percent level are shown as zero.

revenue-
based total factor productivity (TFPR) for manufacturing firms, estimated following Francis et al. (2020).
The estimate for Latin America and the Caribbean is based on Barbados, Belize, Bolivia, Colombia, Costa
Uruguay.
OECD excludes Latin American and Caribbean countries. The estimate for emerging Asia covers China, Hong
Kong SAR, Indonesia, Korea, Malaysia, Singapore, and Thailand. Panel B includes sector fixed effects. The
reference group comprises OECD countries, excluding Latin America and the Caribbean. Results are shown
separately by firm-size groups: small (fewer than 20 employees), medium (20-99), and large firms (100 or
more). The “all-firms” series controls for firm age and size; size-specific series control for age only and are
benchmarked against OECD firms of the same size. Standard errors are clustered at the country-year level.



FIRMS" ADOPTION OF DIGITAL TECHNOLOGIES: DRIVERS AND EFFECTS

less common. This pattern suggests that more advanced adoption requires firms
to build capabilities cumulatively. Barriers also vary with the sophistication of
firms’ digital use. Entry-stage constraints (information and cost) differ from the
“second-generation” barriers (data, organization, governance) that impede more
sophisticated adoption.

Third, as highlighted in Chapters 1 and 4, policy should address both the
enabling conditions and the firm-specific determinants of digital technology
adoption and effective use, reflecting the different constraints associated with
the sophistication of firms’ adoption. This requires a differentiated mixture of pol-
icy instruments, including scalable entry-stage support to reduce information and
cost barriers and more intensive, implementation-oriented assistance for firms
capable of integrating data-intensive technologies and Al.

A New Perspective on Firms’ Adoption of Digital Technologies

Digital adoption is often measured by whether firms use a particular technology,
but this binary view masks important patterns. Firms vary in how broadly they
deploy technologies across business functions, how intensively they use them,
and how deeply they integrate them into their operations. Understanding these
differences is essential for assessing their readiness to benefit from advanced
applications such as Al and for explaining why digitalization translates into pro-
ductivity gains for some firms more than others.

What Official Surveys Show—and What They Miss

Official firm-level surveys from Chile, Colombia, and Ecuador show that the diffu-
sion of advanced digital technologies in Latin America and the Caribbean remains
incomplete and stratified. Cloud computing—the storage of data and running of
software on remote servers accessed over the internet—varies substantially.
Advanced applications have diffused far less than mature digital technologies,
with larger firms systematically more likely than smaller ones to use advanced
tools (Gutiérrez, Gallego, and Herrera Giraldo 2025). While evidence on Al is thin-
ner, it points in the same direction. In Colombia, Al adoption rates among large
firms are up to nearly three times those among micro-, small, and medium-sized
enterprises (MSMEs). About 14 percent of service firms use Al, compared with
less than 7 percent of firms in manufacturing or retail (Gutiérrez, Gallego, and
Herrera Giraldo 2025). These levels are low by the standards of advanced adopt-
ers but in line with early-stage technology diffusion (Rogers 1983).

Even in OECD economies outside the region, the diffusion of cloud com-
puting, enterprise software—that is, integrated business systems that manage
a firm's operations, resources, and customer relationships—analytics, and Al is
incomplete (Calvino and Fontanelli 2023; Dahlke et al. 2024; Dinlersoz, Dogan,
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and Zolas 2024). The relevant benchmark is not universal adoption; it is, rather,
the speed and breadth at which firms move from early experimentation to sys-
tematic use.

Official adoption indicators rarely reveal the business functions for which
firms use Al, whether they rely on standardized or customized tools, how inten-
sively they use them, or how technologies are combined. This matters because
the productivity effects of digitalization depend not on whether a technology
is present but on how deeply it is embedded in workflows and organizational
routines.

How Digitally Engaged Firms Use Digital Tools and Al

To complement official sources, this analysis uses a detailed survey on digitaliza-
tion and Al adoption conducted through ConnectAmericas, an online business
platform created by the Inter-American Development Bank (IDB). An important
caveat is that ConnectAmericas’ membership is not representative of the region’s
firm population. Members tend to be larger, more digitally connected, and more
likely to be engaged in cross-border trade than the typical firm.! The evidence
should be read as characterizing the digitalization experience of these firms.2

On average, about 48 percent of firms report their core business functions
as predominantly digital, but this masks three dimensions of unevenness. First,
breadth varies. Approximately 67 percent have digitalized at least one business
function, but only around 22 percent have digitalized all functions.

Second, digitalization varies across functions. It is highest in finance and
sales (59 percent and 54 percent, respectively) and lowest in logistics (about
37 percent). Human resources, marketing, and public sector interactions fall in
between (44-48 percent; Figure 13.2, Panel A).

And, third, there is a pronounced firm-size gradient (Figure 13.2, Panels B-D).
Averaged across functions, 43 percent of microenterprises report predomi-
nantly digital processes, versus roughly 60 percent of small and medium-sized

" A benchmarking exercise for Uruguay, matching ConnectAmericas members to formal

firms, confirms this. ConnectAmericas members have roughly 10 times as many employees
(about 40 employees, compared with 4) and are far more likely to export (10 percent versus
0.7 percent) and import (27 percent versus 5 percent). Manufacturing firms are also over-
represented among members (16 percent versus 9 percent).

The voluntary ConnectAmericas survey on digitalization and Al adoption covers 1,549
firms in 25 countries. Roughly 70 percent have up to 10 employees, about 25 percent have
between 11 and 250 employees, and 5 percent have more than 250 employees. Among
firms reporting their sector, about 63 percent are in services. The sample is skewed toward
larger, more digitally engaged firms, so reported adoption rates likely overstate those
among the region’s firms overall. Country coverage is uneven, with most respondents from
Argentina, Colombia, Ecuador, Mexico, and Peru, and Brazil markedly underrepresented,
limiting cross-country comparisons.
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Figure 13.2. Extent of Digitalization across Business Functions and Firm Size
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Source: DB staff calculations, based on data from the ConnectAmericas survey, IDB, 2025.

Note: The figure shows the share of firms that keep records of each business function digitally, manually,
or not at all. Results are shown separately by firm-size groups: microenterprises (fewer than 11 employees),
SMEs (11-250), and large firms (more than 250). The sample covers 1,549 firms in 25 Latin American and
Caribbean countries.

enterprises (SMEs) and large firms. Microenterprises are especially likely to oper-
ate with manual or nonexistent records in core functions such as production,
human resources, and logistics. These patterns show that firms can be digital in
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one function and highly manual in others, raising questions about their ability to
exploit economies of scope across complementary functions.

The use of cloud-based services is a key indicator of Al readiness and
one of the strongest predictors of Al adoption, as these services provide much
of the data and computing infrastructure Al applications require (Gutiérrez,
Gallego, and Herrera Giraldo 2025). Around 85-90 percent of firms use cloud
storage and close to 80 percent cloud-based enterprise applications, but only
about 40-45 percent report using cloud processing or advanced analytics.
The size gradient is again pronounced. Adoption of these advanced services
remains below 40 percent among microenterprises, rises above 50 percent for
SMEs, and reaches two-thirds for large firms (Figure 13.3). The difference is
starkest for advanced analytics, used by about 37 percent of microenterprises
and 74 percent of large firms. Basic cloud services are near universal,
while data- and computation-intensive layers remain concentrated among
larger firms.

Generative Al applications, which create new content—text, code, images,
audio, or video—have quickly moved from niche tools to widespread use among
firms in the region, although adoption remains largely superficial. GenAl adop-
tion rose sharply, from around 9 percent of survey respondents in 2022 to about
19 percent in 2023 and almost two-thirds by 2025. Among adopters, use also
became progressively more sophisticated. Basic, “out-of-the-box” use grew
first and was increasingly complemented by light adaptations or fully custom-
ized solutions embedded in firms’ workflows (Figure 13.4). Even so, basic use
remains the dominant mode. Some 82 percent of adopters rely on off-the-shelf
tools or light adaptations rather than solutions deeply integrated into produc-
tion, decision making, or customer management. This is in line with the technol-
ogy’s low entry cost, as chat-based tools require little prior investment in data
systems.

The familiar size gradient in Al adoption reverses for generative Al
Microenterprises report the highest GenAl use (around 70 percent, compared
with about 60 percent among SMEs and 55 percent among large firms), but larger
firms are more likely to use specialized nongenerative applications (Table 13.1).2
These patterns are in line with the two adoption margins discussed above: Smaller
firms enter mainly through standardized, off-the-shelf generative tools with low
entry costs, while larger ones more often combine generative and nongenerative
Al'in production-oriented uses.

3 The comparatively high adoption of generative Al among microenterprises may partly reflect

the ConnectAmericas sample composition, as members are more digitally connected and
outward oriented than their counterparts in the general firm population. The reversed size
gradient should, therefore, be interpreted with caution.
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Figure 13.3. Use of Cloud Services, by Type and Firm Size
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Note: Firm-size groups are defined as in Figure 13.2. The sample covers 1,549 firms in 25 Latin American
and Caribbean countries.

The differences in Al adoption by firm size persist even when compar-
ing firms of similar age operating in the same country and sector (Figure 13.5,
Panel A). Compared with microenterprises, SMEs are less likely to adopt genera-
tive Al but more likely to use predictive analytics and intelligent robotics. Large
firms show even greater advantages in adopting these specialized technologies
and are also more likely to automate decision making.
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Figure 13.4. GenAl Adoption over Time by Usage Mode
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Source: IDB staff calculations, based on data from the ConnectAmericas survey, IDB, 2025.

Note: The figure shows the cumulative share of firms reporting generative Al use by year of first adoption
and usage mode (direct/out-of-the-box, minor adaptations, advanced customization). The sample covers
1,549 firms in 25 Latin American and Caribbean countries.

Table 13.1. Al Adoption, by Al Type and Firm Size

Share of firms using each Al type (percent)

Type of Al adoption

Micro SMEs Large
(<11 employees) (11-250 employees) (>250 employees)

Intelligent robotics 4.9 7.3 12.8
Decision automation 19.6 17.9 221
Predictive analytics 19.0 22.0 27.9
Computer vision 21.0 19.7 27.9
Speech recognition 24.4 21.5 23.3
Language Al 535 541 53.5
Generative Al 69.4 58.1 551

Source: IDB staff calculations, based on data from the ConnectAmericas survey, IDB, 2025.

Note: Generative Al creates new content. Other categories are nongenerative applications that process,
recognize, or analyze existing information: language Al (text processing, chatbots, translation); speech rec-
ognition (voice commands, transcription); computer vision (image analysis, facial recognition); predictive
analytics (forecasting, pattern detection); decision automation (rule- or model-based automation of deci-
sions); and intelligent robotics (Al combined with physical automation). The sample covers 1,549 firms in
25 Latin American and Caribbean countries.
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Figure 13.5. Firm Size and Al Adoption: Effects by Technology and
Business Area
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Note: The figure shows average effects from linear probability models. The sample covers 1,549 firms in
25 Latin American and Caribbean countries. Models include size-group indicators for SMEs and large firms
(base category: microenterprises), the natural logarithm of firm age, and country-industry fixed effects.
Firm-size groups are defined as in Figure 13.2. Standard errors are clustered at the country level. Effects
not statistically significant at the 95 percent level are shown as zero.
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Firm size is also related to where generative Al is used (Figure 13.5,
Panel B). SMEs are more likely than microenterprises to use GenAl in pro-
cess automation and internal operations, while both SMEs and large firms
are more likely to use it in software development and information technology.
Both groups, particularly large firms, are more likely to apply GenAl in human
resources. Conversely, both are less likely to use it in product development
and research and development. Use in supply chain and logistics is signifi-
cantly lower only among SMEs.

These patterns indicate GenAl use in larger firms is oriented toward inter-
nal, scalable coordination functions rather than outward-facing innovation
activities. This orientation reflects the economics of firm organization. As firms
grow, coordination and communication absorb a rising share of resources, mak-
ing technologies that reduce these costs more valuable (Garicano 2000; Bloom,
Garicano, et al. 2014).

Scale is not associated with greater generative Al use, which diffuses
broadly across firm sizes, but is more strongly related to nongenerative,
application-specific technologies, such as predictive analytics, decision auto-
mation, and intelligent robotics, and to GenAl use in internal, scalable, and
coordination-intensive functions. This pattern mirrors organizational and
capability-related complementarities: Larger firms are better positioned to
integrate Al into core processes, combine different Al applications, and deploy
them in ways that require data infrastructure, specialized skills, and organi-
zational coordination. Standalone generative Al diffusion should not, however,
be read as broad transformation. Advanced tools, including integrated Al
applications, remain concentrated among firms with more sophisticated digi-
tal portfolios.

Coadoption and Digital Technology Sophistication

Evidence from the United States shows that digital technologies are
coadopted in a hierarchy of increasing sophistication, with firms using
advanced tools, such as Al and robotics, also tending to use more widely
diffused digital technologies (Zolas et al. 2020; McElheran et al. 2024).
While comparable evidence for Latin America and the Caribbean is scarce,
this analysis finds a similar pattern using official firm-level survey data from
Argentina and Colombia.* Technologies cluster into three broad groups that
can be interpreted as foundational, intermediate, and advanced. Foundational

4 The coadoption analysis is descriptive. It identifies technologies that tend to appear
together but neither establishes causal complementarities nor reveals adoption
sequences.
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technologies include communication-oriented tools, enterprise resource
planning, basic customer-management tools, and related systems that allow
firms to formalize and digitalize core records and transactions. Intermediate
technologies support more integrated forms of digitalization, including
cloud use, supply-chain and logistics systems, decision-support tools, and
other data-handling applications. Advanced technologies comprise big data
analytics and integrated Al applications embedded in data infrastructure and
production or decision-making workflows rather than occasional standalone
use of general-purpose generative Al tools.

In Argentina, 2021 data from the National Survey of Employment and
Innovation Dynamics (ENDEI) on 3,254 firms show that 90 percent use at
least one foundational technology, compared with 48 percent for intermediate
technologies and 8 percent for advanced tools. In Colombia, data for 2020
from the Survey of Information and Communication Technologies (ENTIC),
with 21,630 firms, exhibit a comparable gradient, with 95 percent of firms
using foundational technologies, 13 percent using intermediate technologies,
and only a small share using advanced tools, such as Al (8 percent) and big
data (4 percent).

These technology groups also form an ordinal measure of digital sophis-
tication. The resulting pattern suggests that advanced technologies are con-
centrated among firms with broader digital technology portfolios rather than
being adopted in isolation. This matters for policy because firms may appear
partially digital while lacking the data quality, systems integration, or internal
routines needed to benefit from advanced tools. The relevant policy question
is not only why firms adopt a given tool, but what enables some to develop
broader, more sophisticated digital portfolios while others remain concen-
trated in basic uses.

Drivers of Digital Technology and Al Adoption

What enables firms to move from basic digital tools to more advanced
technologies, including Al? Evidence points to the importance of workforce
skills, management practices, and investment in innovation. Firms also report
factors that can hold back adoption, from limited information and financing to
deficits in connectivity, data quality, and technical expertise. Understanding how

° The lower measured prevalence of intermediate technologies in Colombia should not be

interpreted as evidence of weaker capability accumulation. ENTIC covers a much richer
set of technologies classified as foundational (about 30, versus 10 in ENDEI), mechani-
cally widening the foundational group and shrinking the intermediate one.
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these obstacles vary across firms and stages of adoption can help identify where
public support could be most useful.

Firm-Level Determinants of Adoption

An official survey in Argentina allows examination of how digital portfolio
sophistication relates to firm characteristics (Figure 13.6). The estimates are
correlations, not causal effects; they show how firm characteristics relate to
digital adoption profiles without identifying exogenous drivers of more sophis-
ticated adoption. This caution applies particularly to workforce composition,

Figure 13.6. Firm Characteristics and the Sophistication of Digital Portfolios
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Figure 13.6. Firm Characteristics and the Sophistication of Digital Portfolios
(continued)
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Source: IDB staff calculations, based on data from Argentina’s ENDEI Il survey, 2019/2021.

Note: The figure shows average marginal effects, along with 95 percent confidence intervals (Cl), from an
ordered logit on firm size, age, workforce composition, management practices, innovation inputs, export
status, and foreign ownership. Employment and innovation intensity enter in natural logarithm; capital
intensity is the capital-to-sales ratio; and the share of scientists and engineers captures workforce skill
composition. The ordered outcome ranks firms’ digital portfolios from no adoption through three groups
(foundational, intermediate, advanced). Sector and region fixed effects and robust standard errors are
included. Estimates are descriptive associations, not causal effects.

as a high share of employment related to information and communications
technology (ICT) may reflect reverse causality—that is, firms that choose
more digital ways of organizing production also hire workers with the skills
required.

261



262

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

More sophisticated digital adoption is associated with a combination of
factors rather than any single dominant one (Figure 13.6). In addition to larger firm
size, greater innovation intensity, better management quality, and a workforce
with higher shares of ICT-related and professional employees are all associated
with lower probabilities of no or foundational adoption and higher probabilities of
intermediate and advanced adoption.

ICT-related employment has the highest correlation, underscoring the
association between digital skills and more sophisticated adoption. This is most
pronounced for intermediate adoption. As was discussed in Chapter 4, this
suggests human capital is especially relevant for integrated and data-intensive
applications rather than basic digital tools. Other characteristics show weaker
associations. This is the case with export status and innovation output, which
are associated with higher probabilities of intermediate and advanced adoption;
with firm age, which is statistically insignificant across categories once other
characteristics are accounted for; and with foreign ownership, which is positively
associated with advanced technology use, consistent with greater access to
complementary resources.

The correlation of observable characteristics does not rise systemati-
cally with technological sophistication. Several covariates are positively and
significantly associated with advanced technology adoption, but their esti-
mated relationships are no stronger than for intermediate adoption. This
suggests advanced adoption is not simply a more intensive version of inter-
mediate adoption. Although observable firm characteristics are strongly
correlated with digital portfolio sophistication, adoption of such advanced
technologies as big data or Al also appears to depend on factors not captured
by these data, including data assets, organizational readiness, and manage-
rial focus.

What Prevents Firms from Adopting Digital Technologies?

If observable characteristics only partly account for advanced technology
adoption, what obstacles do firms perceive? The ConnectAmericas survey
asked firms to identify the single most important obstacle to adopting Al.®
Their responses inform policy design, particularly for the larger, more digi-
tally connected, and more outward-oriented firms included in the survey
sample.

The responses indicate that the main perceived barriers to Al adop-
tion are informational and financial rather than regulatory or organizational.

6 Self-reported obstacles need not coincide with binding constraints. Firms may identify

proximate rather than fundamental barriers, and those that have not seriously considered
adoption may not yet perceive the obstacles they will encounter.
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About 42 percent of firms report lack of information as their primary obstacle,
followed by financing and implementation costs (24 percent), connectivity
and data quality (15 percent), and technical knowledge or skills (12 percent).
Concerns about security and regulation, organizational change, or low adop-
tion by counterparts jointly account for the remaining 7 percent (Figure 13.7,
Panel A).

Perceived barriers vary with firm size as digital engagement deepens
(Figure 13.7, Panel B). Lack of information and financing difficulties are
particularly pronounced among microenterprises. For SMEs, skill shortages
become more salient, consistent with human capital constraints at intermediate
stages of digitalization. Larger firms are more likely to report connectivity

Figure 13.7. Main Obstacles to Al Adoption

A. All firms B. By firm size
Lack of 42 Lack of
information information
Financing/ Financing/
implementation 24 implementation
costs costs
Connectivity/ 15 Connectivity/
data quality data quality
Technical Technical
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change change
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Source: IDB staff calculations, based on data from the ConnectAmericas survey, IDB, 2025.

Note: The figure is based on a nonrepresentative sample of digitally engaged firms. Each firm reports its
single most important obstacle to adopting Al. Panel A reports results for all firms and Panel B shares by
firm-size group, defined as in Figure 13.2.
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and data quality problems, along with security, regulatory, and organizational
challenges, the “second-generation” barriers that emerge with advanced and
data-intensive applications.

Barriers also appear at different stages of adoption. Information or financing
difficulties are typically known ex ante and may prevent adoption, while orga-
nizational challenges, data quality, or implementation difficulties often emerge
only after firms begin experimenting with or deploying Al. Their importance may,
therefore, be understated in cross-sectional evidence, which pools firms at dif-
ferent stages. The shift in reported obstacles across firm sizes reflects both
organizational complexity and a learning process in which firms discover new
bottlenecks as digital use becomes more integrated. Policy interventions, there-
fore, need to be stage specific, addressing entry barriers before adoption and
implementation challenges once adoption is underway.

The Role of Public Policies

Government support for firm digitalization can be justified by several interacting
market failures. Chapter 4 highlights two of them: knowledge spillovers and net-
work externalities. With knowledge spillovers, early adopters cannot fully reap
the value of what they learn through experimentation, since part of that knowl-
edge flows to other firms. With network externalities, the returns to adopting a
technology depend on how many other firms also adopt it. Both lead firms to
underinvest in digital technologies, so adoption falls short of the socially desir-
able level.

Other market failures can restrain diffusion by limiting firms’ ability to
build the capabilities adoption requires. Restricted access to credit may pre-
vent firms from financing intangible investments, such as training and organi-
zational change. Information asymmetries can make it hard for firms to identify
suitable technologies and judge the quality of technical advice, which weak-
ens the markets for services that support capability building. Coordination
failures between firms and training providers can also restrict the supply of
relevant skills and retraining opportunities. Together, these failures tend to
perpetuate capability shortfalls and hold back further adoption and learning.
Because these barriers vary systematically by technology, degree of integra-
tion, and firm size, interventions need to be carefully designed and tailored.
Otherwise, the firms that encounter them are likely to fall further behind (see,
for example, Gal et al. 2019).

Public programs address these obstacles through technological diagnostics,
training, and grants, often delivered in partnership with chambers of commerce
or business associations. This section reviews evidence from available impact
evaluations.
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What We Know about Public Programs Supporting Firms’
Digital Adoption

Rigorous evidence on the effectiveness of public digitalization programs is scarce.
European Digital Innovation Hubs (EDIHs)—one-stop shops that help SMEs adopt
advanced digital technologies—illustrate this evidence gap. Existing program
assessments report substantial improvements in the digital maturity of partici-
pating firms, but they rely on noncausal methods and do not examine effects on
productivity, competitiveness, and employment (Carpentier et al. 2025; Wintjes
and Vargas 2023).

Limited evidence available from Peru points to mixed results for the
Centros de Innovacion Productiva y Transferencia Tecnoldgica (CITE)—public
and private centers providing training, technical assistance, and technology
transfer—in promoting firms’ digital adoption. Valcarcel Pineda (2023) finds
no statistically significant effect of CITE training on e-commerce adoption and
significant reductions in firms’ use of the internet and social networks. This
is interpreted as firms—mostly micro and small—redirecting limited resources
toward other productive areas, such as labor and human capital, rather than
digital tools.

Identifying which program designs work, for which firms, and at what cost
requires causal evaluations, which are often hampered by limited data. New evi-
dence from a voucher-based program for smaller firms in Uruguay helps address
this problem.

New Evidence: The Effects of Uruguay’s Modo Digital Program

Uruguay’s Modo Digital, implemented by the National Development Agency
(ANDE) since 2021, supports the digital transformation of MSMEs through
instruments promoting the adoption and effective use of digital technolo-
gies. Its most intensive form of support and largest instrument in terms of
budget is the Vouchers de Transformacion Digital. These vouchers cofinance
projects seeking to increase firms’ productivity through digital technologies
that improve business management, operational efficiency, and production
and organizational processes. The vouchers have two independent applica-
tion phases: Phase 1 supports diagnosis of firms' needs and preparation of
a customized digital transformation plan, while Phase 2 finances its imple-
mentation. Firms may enter Phase 2 after Phase 1 or with an independently
prepared plan. The program provides a nonreimbursable grant covering up
to 60 percent of total project costs, with a maximum subsidy equivalent to
approximately US$20,000 across both phases.
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Baptista, Gonzales, and Hernandez (forthcoming) find significant positive
short-run effects of Phase 2 vouchers across eight digitalization indicators:
overall digital maturity, digital technology use, technologies and digital skills,
communication and sales channels, organization and people, processes, data
and analytics, and strategy and digital transformation. Estimated improvements
range from roughly 15 to 40 percent relative to the comparison group, with the
largest effects in organization and people, processes, and data and analytics—
dimensions closely aligned with the investments the vouchers support.
Effects are larger for firms starting at the novice level of digital maturity and
for microenterprises. Small firms are the only size group with significant gains
across all eight indicators. Results also suggest larger gains when firms had
previously completed Phase 1 or included training and workforce reskilling, but
direct comparisons between the relevant subgroups are generally not statistically
significant. Higher financing does not generate uniformly larger effects across
outcomes.

The Uruguay evidence shows that targeted financial support, combined with
diagnostics and implementation assistance, can generate significant short-run
improvements in the digital maturity of MSMEs.

Effects of Digital Technology and Al Adoption on Performance

The adoption of digital technologies and Al can reshape firm organization,
employment, innovation, and performance. As discussed in Chapter 2, these
technologies affect firms in several ways. They reduce search and coordination
costs, helping firms reach more consumers (Goldfarb and Tucker 2019), and they
allow firms to use data more systematically in decision making (Brynjolfsson and
McElheran 2016). They also interact with organizational design, shifting where
decisions are made (Bloom, Garicano, et al. 2014). Within the workforce, they
change the mixture of tasks and skills firms need, prompting adjustments in hiring
(Acemoglu and Restrepo 2019; Agrawal, Gans, and Goldfarb 2019; Acemoglu et al.
2022), while automation reallocates tasks between labor and capital (Acemoglu
and Restrepo 2019, 2022). Finally, Al can improve products and production pro-
cesses and, by serving as a new general-purpose method of invention, reshape
the innovation process itself (Cockburn, Henderson, and Stern 2019).

Empirical studies suggest that management software, cloud services,
e-commerce, and analytics can improve sales, exports, product upgrading,
and, in some cases, employment (Cirera, Comin, and Cruz 2022; Fernandes
et al. 2019; Wu, Hitt, and Lou 2020; DeStefano, Kneller, and Timmis 2025). In the
United States, Al investment is associated with faster growth in sales, employ-
ment, and market valuation, primarily through increased product innovation
(Babina et al. 2024).
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Yet these gains do not arise automatically. Digital technologies are
strongly complementary to managerial quality, organizational capital, and
human capital (Bresnahan, Brynjolfsson, and Hitt 2002; Schivardi and Schmitz
2020). Chapter 4 argues that, because of these complementarities, they
generate larger productivity increases when embedded in broader transfor-
mations of firms’ production processes and workplace organization (Bartel,
Ichniowski, and Shaw 2007; Brynjolfsson, Rock, and Syverson 2021). Because
these transformations take time, measured productivity gains often lag adop-
tion as firms invest in new processes, business models, and skills, giving rise
to the “Productivity J-Curve” identified by Brynjolfsson, Rock, and Syverson
(2021) and examined in Chapter 2. Where these complements are missing,
adoption may yield only modest gains, and where firms differ in their ability
to use them, performance gaps may widen (Schivardi and Schmitz 2020; De
Ridder 2024).

The question, therefore, is whether firms can integrate digital technologies
into their operations in ways that improve performance. As explained in Chapter 4,
this depends on structural conditions, including regulations and the availability
and quality of digital infrastructure and skills, as well as firms’ incentives and
capabilities. Managerial practices are particularly relevant. World Management
Survey data, which score firms on monitoring, target setting, and incentive prac-
tices, place emerging economies such as Brazil well below the United States and
other advanced economies (Bloom and Van Reenen 2010; Bloom, Lemos, et al.
2014). Much of this gap reflects a large share of poorly managed firms in devel-
oping countries, in contrast with the unusually small share of poorly managed
firms in the United States (Scur et al. 2021). Differences in management practices
account for about 30 percent of TFP differences both across and within coun-
tries, although the proportion is smaller in less developed economies (Bloom,
Sadun, and Van Reenen 2016). Weak managerial capabilities also help explain
why firms in developing countries, including those in Latin America and the
Caribbean, invest little in innovation and technology adoption despite high poten-
tial returns, since these capabilities are needed to reap those returns (Cirera and
Maloney 2017).

New Evidence from Colombia: Digitalization Support and
Firm Performance

The evidence reviewed so far suggests a causal chain from program
participation to technology adoption and deeper digitalization, and from there
to improved firm performance. The preceding discussion established the
first link, but rigorous evidence on performance effects remains scarce. New
evidence from Colombia’s Business Digital Transformation Centers (Centros
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de Transformacion Digital Empresarial—CTDE) examines the relationship
between program participation and firm performance through reduced-form
estimates.

The CTDE program was a public initiative supporting Colombian MSMEs
in their digital transformations, implemented in coordination with chambers of
commerce, business associations, universities, and other regional stakeholders.
It guided firms along a staged adoption path that included awareness, digital-
maturity diagnostics, personalized transformation plans, tailored training,
ICT implementation—for example, customer relationship management (CRM)
systems—and follow-up technical assistance. Its design combined entry-stage
support addressing information barriers with deeper, implementation-oriented
assistance.’

Participation in the CTDEs is positively associated with income growth
among firms that received the most intensive support, namely training and
assistance in technology adoption processes, although the differences
become statistically significant only in later post-participation years. Relative
to the comparison group, these firms’ income was about 50 percent higher
four years after participation and about 55 percent higher in the fifth year
(Figure 13.8).% For firms that received lighter support, such as diagnostics,
awareness activities, and technology adoption plans, the associations
were smaller and short-lived; their income was about 30 percent higher four
years after participation, but this difference was statistically significant only
in that year.

For employment, no measurable differences are observed among firms that
received lower-intensity support. For those that received the most intensive sup-
port, the estimates are rough, but they suggest a positive employment pattern
that becomes stronger over time. This pattern would be consistent with employ-
ment responding with a lag, as firms expand their workforces only after initial
increases in income or business activity. It is also in line with recent U.S. evidence
showing that, although labor demand falls for tasks more exposed to Al, firms
that adopt Al tend to increase employment as they become more productive and
grow faster, so that overall employment changes are modest rather than negative
(Hampole et al. 2025).

7" The program was demand driven and open to all MSMEs nationwide. Rolled out in 2017-18,

it expanded from 18 to 24 centers and was later succeeded by the ZASCA initiative, a
network of government centers supporting the reindustrialization of micro- and small
firms.

These estimates should be interpreted as descriptive evidence rather than causal, as
progression to later stages of the program is itself an endogenous firm choice.
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Figure 13.8. Effects of CTDE Participation on Firm Performance
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Source: IDB staff calculations, based on data from Colombia’s Business Digital Transformation Centers
(CTDE) administrative records merged with the firm registry (RUES).

Note: The figure shows event-study estimates (ATT), along with 95 percent confidence intervals (Cl),
from a staggered difference-in-differences design (Callaway and Sant’Anna 2021) with inverse-probability
weighting. Treatment levels 2-4 denote basic support to firms (diagnostics, awareness, plan design) and
levels 5-8 intensive support (training and assistance with technology adoption).

Policy Recommendations

Digitalization and Al can raise firm productivity when firms integrate them into
production, decision making, and other core business processes while building
the required skills, data, and organizational capabilities. A business climate that
enables this transition requires four firm-level policy actions.

Mobilize finance and implementation capabilities for business digital
transformation. Financing should be combined with the diagnostic, project-
design, and technical capabilities firms need to implement digital transformation
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projects effectively. Public support should target identifiable market failures
and attract, rather than substitute for, private finance. Financing terms and
the public contribution should reflect project risk, expected spillovers, and
repayment capacity, while implementation support should help firms identify the
technologies, data, skills, and organizational changes required for effective digital
transformation.

Align digitalization instruments with firm heterogeneity. Firm
heterogeneity in digital capabilities, constraints, and project needs calls for
managing digitalization instruments as a coordinated portfolio rather than
isolated programs. Common diagnostics and shared program information
can help identify gaps and overlaps, match firms to appropriate support,
and facilitate referrals across instruments. Where data permit, government
agencies could also test whether Al-assisted diagnostics and matching
improve targeting. As technologies, firms' needs, and underlying market
failures evolve, instruments should be added, adapted, consolidated, or
discontinued accordingly.

Foster specialized digital implementation networks. Coordination failures
can limit firms’ access to the complementary expertise required for digital
transformation. Public support can help address these failures by supporting
networks that link business organizations, technology centers, universities,
and private providers. Private providers should remain central to commercially
available solutions, while public support can facilitate coordination, referrals,
and access to capabilities that individual providers have limited incentives to
supply. A public agency or specialized intermediary can coordinate, depending
on institutional capacity, and a common entry point may simplify firms’ access.
Experiences such as Colombia’s CTDEs and the European EDIHs provide useful
design references for multi-actor delivery, but existing evidence does notisolate
the effect of any particular coordination model. Institutional arrangements
should, therefore, remain flexible and be adapted to local capacities, costs,
implementation quality, and firm outcomes.

Track progression from technology adoption to effective use. A common
framework should be established for measuring firms’ digital capabilities and the
depth of digitalization and Al integration across programs, allowing program-
specific modules where needed. The framework should draw on available program,
survey, and administrative information, with common firm identifiers used to link
data on digital capabilities to firm performance, subject to appropriate data-
protection safeguards. This information will allow policymakers to track capability
accumulation, assess program effectiveness, and compare how different forms
of support relate to firm outcomes. Periodic updates should inform adjustments
to the policy portfolio and support rigorous evaluation.



Facilitating and Promoting
Trade and Investment through
Digital Technologies

As shown in Chapter 2, the growth performance of Latin American and Caribbean
countries has been remarkably weak over the last six decades. This weakness,
and the resulting failure of the region to converge with developed economies,
are primarily attributable to low growth in aggregate total factor productivity
(IDBG 2025).

Both trade and foreign direct investment (FDI) can raise productivity and
economic growth through several channels. At the aggregate level, trade gener-
ates static productivity gains, as less productive firms exit the market and more
productive ones expand (Melitz 2003); trade also generates dynamic gains, as
resources are reallocated toward sectors with greater learning potential and as
access to the global capital stock widens (Young 1991; Grossman and Helpman
1991). At the firm level, trade raises productivity through several means: by grant-
ing access to a broader set of inputs (Ethier 1982; Goldberg et al. 2010; Halpern,
Koren, and Szeidl 2015), by transmitting new knowledge through interactions
with sophisticated foreign buyers (Westphal 1990; Atkin, Khandelwal, and Osman
2017), and by enlarging the market and, thus, the returns to innovation (Lileeva
and Trefler 2010; Bustos 2011).

FDI can raise host-country productivity through two broad channels:
reallocation, as competition and selection shift resources toward more pro-
ductive firms, and knowledge spillovers, transmitted both within and across
industries (Blomstrom and Kokko 1998; Markusen and Venables 1999; Alfaro
2017)." Via the latter channel, domestic firms interacting with locally operating
multinational firms gain access to a wider variety of higher-quality goods and
services, better technologies and managerial and production practices, and

' These gains are far from automatic. Their realization depends on firms’ absorptive capac-

ity, the depth of local supplier networks, and complementary investments in skills and insti-
tutions (Alfaro 2017; Cusolito and Maloney 2018).
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relevant commercial information. These spillovers arise through labor mobility
(Balsvik 2011; Muendler, Rauch, and Tocoian 2012; Poole 2013; Setzler and
Tintelnot 2021) and through vertical linkages with local input suppliers (Aitken,
Hanson, and Harrison 1997; Aitken and Harrison 1999; Javorcik 2004; Alfaro
and Rodriguez-Clare 2004; Alfaro-Urefia, Manelici, and Vasquez 2022).

Evidence for Latin America and the Caribbean consistently indicates that
trade and FDI are key growth and productivity drivers. The opening of the region
to international trade helped accelerate growth and led to a gain in average
income per capita of up to 16 percent in 20 years—a payoff hardly seen in other
public policies (Mesquita Moreira and Stein 2019). The region’s situation is still
far from satisfactory, however. In many Latin American and Caribbean countries,
export levels remain below their potential. The same is true for countries’ partici-
pation in multinational production (Figure 14.1).

This situation can be traced back to several factors, high trade costs promi-
nent among them (Mesquita Moreira and Stein 2019). The evidence in this chap-
ter makes clear that digital technologies in general and artificial intelligence (Al)
in particular can effectively help reduce these trade costs across their sources,
which include regulatory compliance, administrative border processing, and
information frictions. These technologies thus favor trade and FDI expansion,
specifically increased firm participation in international trade and multinational
production. Trade and FDI gains from digitalization are far from automatic, how-
ever; they require both precedent and concomitant actions in order to materialize.
Digitalization of trade and investment procedures makes a significant difference
in outcomes only when preceded by process reengineering and optimization, and
when accompanied by incentives for effective adoption and use and conducive
change management. Furthermore, these gains are larger when digital-related
policy initiatives fully consider network externalities. Thus, indiscriminately sup-
porting firms’ participation in already congested online platforms is unlikely to
produce the expected sales gains, as entry will further intensify competition for
buyers’ attention.

The Impact of Digital Technologies on Trade and FDI

Digital technologies affect what is produced, how production is carried out,
and who produces. The mechanisms include the emergence of personalized
and Al-enhanced products (for example, user-adaptive products, such as learn-
ing software), the production of some goods from digital files, and the automa-
tion of several tasks. Regarding automation, digitalization and, specifically, Al
can shape countries’ comparative advantages. Thus, as discussed in Chapter 2,
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Figure 14.1. Trade and FDI in Latin America and the Caribbean
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Dun and Bradstreet database, 2024.
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natural logarithms and refer to 2024 or the most recent available year. The dashed lines show the linear fit.

“Other” includes economies outside Latin America and the Caribbean with available data.
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Al can generate adjustments along two margins: a reshoring margin, when firms
in advanced economies repatriate offshored tasks; and an import-substitution
margin, operating in the other direction as developing countries develop local
Al capabilities. Moreover, since information is crucial for Al, countries that have
accumulated more data are more likely to develop a comparative advantage in
data-intensive sectors (Estevadeordal, Rodriguez Chatruc, and Volpe Martincus
2020; Chen and Volpe Martincus 2022).2

More specifically, digital technologies affect what is traded, how trade is
carried out, and who trades (Estevadeordal, Rodriguez Chatruc, and Volpe
Martincus 2020). Goods that used to be physically traded, for example (such as
movies, music, and books), can now be digitally delivered and have mutated into
services (video streaming, music downloading, and e-books); goods and services
can now also be digitally ordered (Box 14.1); and both new firms and consumers
can directly participate in international trade (Volpe Martincus, Sztajerowska, and
Santi 2024). These developments have significantly expanded digital trade, par-
ticularly trade in digitally delivered services. In Latin America and the Caribbean,

Digital Trade Definitions

Digitally ordered trade. International transactions for goods and services per-
formed using computer networks in ways that are specifically designed for the pur-
pose of receiving or placing orders. Examples include ordering a T-shirt from abroad
on a manufacturer's website or booking a reservation at a foreign restaurant on a
digital platform.

Digitally delivered trade. International trade transactions in services that are
delivered remotely over computer networks. Examples range from computer services
to banking services to remote learning courses.

Digital facilitation of traditional trade in goods. Use of digital technolo-
gies to reduce trade costs associated with administrative border processing of
physically exchanged goods. This approach does not alter the nature of the good
traded.

Digital transformation of trade policy instruments. Redesign of traditional
trade and FDI policies addressing market failures, such as those associated with
information frictions, through use of digital tools that change the targeting strategy
and increase precision. Machine learning, for example, can support proactive trade
and investment promotion policies that are evidence based rather than ad hoc and
“manual.”

As mentioned in Chapter 2, digital technologies can also reshape market structure and the
geography of trade through scale, scope, and network effects.
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exports of these services have increased fivefold over the last 20 years, while
goods exports have increased just twofold (Acosta, Rocha, and Volpe Martincus,
forthcoming).

Digital Technologies and Trade Costs

Digital technologies can affect trade and FDI and, thus, productivity in various
ways. First, they can help reduce production costs. Second, Al (in particu-
lar) can facilitate and speed up innovation (Cockburn, Henderson, and Stern
2019; Rammer, Fernandez, and Czarnitzki 2022; Agrawal, Gans, and Goldfarb
2026), helping to raise productivity and thus boost trade and investment.
Third, digital technologies can increase the efficiency of financial opera-
tions. And, fourth, digital technologies can help lower the trade costs that
deter Latin American and Caribbean countries and firms from participating in
trade and FDI.

Trade costs are an important determinant of both the level and patterns of
trade and FDI; see, for example, Anderson and Van Wincoop (2004); Ramondo,
Rodriguez-Clare, and Tintelnot (2015); and Mesquita Moreira and Stein (2019).
Estimates reveal that, whereas trade costs in Asia, Europe, and North America
declined considerably over the last two decades, they did not significantly
change in Latin America and the Caribbean, deteriorating the relative condi-
tions under which trade and FDI take place (Figure 14.2, Panel A). Accordingly,
trade costs in the region are substantially higher than those in Asia, Europe,
and North America, though lower than in other developing regions (Figure 14.2,
Panel B).

Trade costs have multiple sources, including tariffs, transportation and logis-
tical costs (including those related to port infrastructure), costs of administrative
procedures related to trade and investment, information frictions encountered in
identifying business opportunities across borders, and regulatory heterogeneity
across countries; see, for example, Mesquita Moreira, Volpe Martincus, and Blyde
(2008); Mesquita Moreira et al. (2013); Volpe Martincus (2010, 2016, 2021); and
Blyde (2024). In particular, the resources and time required to complete trade
and investment procedures to comply with relevant regulations can substan-
tially drive trade costs up. The same applies to the share of shipments subject to
delay-creating physical customs inspections and efforts to overcome incomplete
information. The opposite holds for institutional arrangements and investments
in physical infrastructure that reduce trade costs. This is, for instance, the case
with diplomatic missions, whose activities help lower information barriers (Rose
2007; Figure 14.3).

Digital technologies can reduce trade costs across these sources, both
independently and when bundled and combined with institutional arrangements.

275



276

FROM DIGITALIZATION TO ARTIFICIAL INTELLIGENCE: TURNING PROMISES INTO PRODUCTIVITY

Figure 14.2. Trade Costs: Latin America and the Caribbean versus Other
Regions
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Note: Reported values capture the cost of exports to eight of the world's largest economies (Canada, China,
France, Germany, Italy, Japan, the United Kingdom, and the United States); see Mesquita Moreira and Stein
(2019) for technical details. Estimates for Latin America and the Caribbean are based on 26 countries.
Panel A shows the median trade-cost index over time (2000 = 100). Panel B shows median trade-cost
levels in 2023.
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Figure 14.3. Administrative Procedures and Information Frictions as Sources
of Trade Costs
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Source: DB staff calculations, based on data from the United Nations Economic and Social Commission
for Asia and the Pacific (UNESCAP); World Bank; International Finance Corporation (IFC); Moons (2017);
Brooks, Gendron-Carrier, and Rua (2021); International Monetary Fund; and Centre d’Etudes Prospectives
et d'Informations Internationales (CEPII).

Note: The figure shows the estimated effects of policy variables on bilateral trade costs (as measured in
2023), along with 95 percent confidence intervals (Cl). See Mesquita Moreira and Stein (2019) for technical
details.

For transportation and logistical costs, autonomous vehicles and Al best-route
calculations optimize transportation of goods, and cloud-based internet of things
(1oT) optimizes port management of shipments. For costs of regulatory compli-
ance and administrative procedure completion, two types of single windows—
broadband internet-supported electronic trade single windows (ETSWs) and
electronic investment single windows (EISWs)—help streamline and expedite
the administrative processing of cross-border shipments and investments, and
Al helps improve border agencies’ risk management and reduces unnecessary
border delays. For information costs, online platforms lower search and matching
costs, and Al can reduce them further. Al can also improve the design, implemen-
tation, and evaluation of policies addressing information frictions and associated
externalities, namely trade and investment promotion policies (Table 14.1). In so
doing, digital technologies can directly and indirectly enhance firms' and coun-
tries’ trade and investment outcomes.
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Table 14.1. Taxonomy of Digital Technologies and Trade Cost Reduction

Regulatory
compliance and
administrative
Transportation and border processing

Type of technology logistical costs costs Information frictions
Core digital Internet of things, Cryptography, Big data/analytics,
technologies smart sensors blockchain, big data/  Al/ML, cloud

analytics, Al/ML computing
Bundles of digital Autonomous Digital identity and Chatbots, translation,
technologies vehicles, robots, signatures, digital machine virtual/
drones documents, augmented reality
intelligent document
processing
Systems: Digital Port management Electronic trade/ Digital platforms
technologies and investment single
institutional windows
arrangements

Source: |DB staff.
Note: The table maps different digital technologies to the sources of trade costs they are likely to reduce
the most. The taxonomy in the table is a simplification for expositional purposes.

Digitalization of Administrative Procedures, Trade, and Investment

Digitalization of well-designed administrative procedures reduces costs for firms
and can thereby help expand economic activity. This is particularly the case when
it is implemented through initiatives that cover the various agencies firms interact
with, such as ETSWs and EISWs.

Electronic Trade Single Windows

Firms engaging in international trade have typically confronted cumbersome pro-
cedures that remain largely manual and, to a nontrivial extent, still paper based.
In several countries, firms have been required to complete as many as 40 docu-
ments involving 200 data fields, some 60-70 percent of which had to be keyed in
more than once (Sathasivam 2009).

Completing these procedures has, therefore, been time consuming and
costly. The costs of the time spent at the border are economically important; each
day in transit is equivalent to an ad valorem tariff of 0.6-2.3 percent (Hummels
and Schaur 2013). Similarly, a 10 percent increase in shipments’' customs pro-
cessing times has been found to reduce firms' exports by 3.8 percent (Volpe
Martincus, Carballo, and Graziano 2015).

Trade facilitation policies can streamline these border procedures and
thus reduce border times and associated costs. Examples include smarter risk
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management systems, which help border agencies identify shipments with high
noncompliance risks and thus reduce the share of physical inspections, and trade
single windows, which allow firms to lodge standardized information with a single
entry point to fulfill all import-, export-, and transit-related regulatory require-
ments; see Volpe Martincus, Carballo, and Graziano (2015); Volpe Martincus
(2016); Hillberry, Fernandes, and Mendoza Alcantara (2021); and Carballo,
Graziano, et al. (forthcoming).

Importantly, when properly redesigned and optimized, digitalized adminis-
trative trade procedures can further lower completion costs, additionally favoring
firms’ trade and overall performance (Laajaj, Eslava, and Kinda 2023). While Latin
American and Caribbean countries have registered progress in recent years, the
region still lags developed economies and is clearly behind the leader in this area,
Singapore (Figure 14.4), particularly regarding ETSWs.

Figure 14.4. Digitalization to Facilitate Trade: 2015 versus 2025
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Figure 14.4. Digitalization to Facilitate Trade: 2015 versus 2025 (continued)

B. 2025
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Source: IDB staff calculations, based on data from the UN Global Survey on Digital and Sustainable Trade
Facilitation.

Note: The figure shows the degree of implementation of each trade facilitation measure in 2015 and 2025,
expressed as a percentage of full implementation. Estimates for Latin America and the Caribbean are based
on 18 countries.

ETSWs are electronic document exchange systems that link several agen-
cies dealing with trade regulations to allow online application for and issuance
of trade-related permits and certificates; they also make possible the inter-
agency exchange of these permits and certificates (Figure 14.5, Panels A and B,
which show the changes associated with the introduction of an ETSW). Several
Latin American and Caribbean countries have digitalized their trade procedures
through ETSWs (Figure 14.5, Panel C), but a large share of these systems remain
only partially implemented.

Provided that procedures have already been optimized, and relative to stan-
dard (manual, paper-based) trade single windows, ETSWs do not change the
information regulators demand but, rather, how that information is submitted
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and processed. This change may result in administrative cost savings for three
reasons. First, digitalization increases the speed, timeliness, and accuracy of
information submission, and it reduces processing and response times. Second,
it allows submitted data to be reused multiple times, eliminates rekeying errors,
and enhances data consistency. Third, it improves tracking of progress toward
completing procedures.

Figure 14.5. Border Processes and the Electronic Trade Single Window
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Figure 14.5. Border Processes and the Electronic Trade Single Window
(continued)

C. ETSW implementation across the region
2010 2024

H Electronic trade single window (ETSW) B ETSW (projected) [1No ETSW

Source: DB staff elaboration, based on internal data.

Implementing an ETSW is a far-reaching undertaking, one that is techni-
cally complex and involves many stakeholders who are usually unconnected and
uncoordinated. Thus, implementation is generally gradual, with groups of border
agencies and their procedures sequentially incorporated into the arrangement.
Costa Rica’s introduction of an ETSW provides a clear example of this process
(Figure 14.6, Panel A).

Such sequential introduction allows evaluating the ETSW's impact on exports
by using firms' differential exposure to the digital procedures over time and across
products and customs offices. Evidence from Costa Rica reveals that the intro-
duction of an ETSW allowing firms to apply for and obtain trade-related permits
and certificates for agricultural products has been associated with higher exports
overall and along both the extensive and intensive margins. At the policy imple-
mentation level, availability of the ETSW increased export values by 46 percent,
the number of exporters (extensive margin) by 12 percent, and average export
values per firm (intensive margin) by 31 percent (Figure 14.6, Panel B). Estimates
further reveal that digitalization of border procedures through an ETSW is equiva-
lent to removing a 7 percent ad valorem tariff at the firm level. Furthermore, these
effects have been larger for small firms in noncentral regions—precisely the firms
for which the costs of completing in-person, paper-based procedures represent
a larger trade barrier; see Carballo, Graziano, et al. (forthcoming).
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Figure 14.6. Implementation and Export Effects of ETSWs

A. Costa Rica’s ETSW implementation across product customs

100
90 -
[%2]
g 80 -
@
3 70
S 60
©
o
a 50+
©
o 40
&
< 30
8
= 20
o
10 -
O,
- N - N - N - N - N - N - N - N - N - N
T3 88888L22883833% ¢33 8 3
5 3 =2 g s 22 3 o2 =08
SSISISRIIIRIRII]IZRIERERR
Year-semester
B. The impact of ETSW on exports
0.28
Exports per firm I @ |
- ]
] 0.11
=2 Number of firms —e—
5 ,
0.42
Total exports I @ |
) 0.31
Exports per firm I o |
8 -
x 0.12
« Number of firms e
3
8 ]
0.46
Total exports I @ |
T T T T T T 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Estimated effect
@ Point estimate —95% Cl
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Note: The analysis of Costa Rica considered agricultural products; that for Uruguay considered all
products. The figure reports the estimated export effects of ETSWs, along with 95 percent confidence
intervals (Cl).
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A more comprehensive evaluation—not limited to trade procedures for agri-
cultural products—was undertaken for Uruguay’s ETSW (Frache, Gomez Decker,
and Volpe Martincus, forthcoming). It reveals similar effects on export values,
number of exporting firms, and average exports per firm (Figure 14.6, Panel B).

The ETSW's positive export effects can be at least partially traced back to
increased shipping frequency, exactly what one would expect if the new system
reduced per-shipment fixed costs. Firms can thus ship more often, either to meet
customers’ preferred arrival dates or to supply markets experiencing demand
uncertainty.

Importantly, an ETSW implemented by one country alone does not allow
countries and their firms to reap all the digitalization benefits. Trade expansion is
significantly larger when partner countries also implement ETSWSs, as this reduces
trade costs on both sides of the border. Estimates suggest that this increase can
be twice as large as when only one economy has an operative ETSW (Carballo,
Graziano, et al., forthcoming). Such complementarity indicates that both network
externalities and potential cross-country coordination problems could lead to
suboptimally low adoption, as countries do not typically take partners’ trade gains
into account when implementing ETSWs.3

Further, trade gains can be even larger where integrated digital trade plat-
forms connect all border agencies of countries within and across regions. The
Central American Digital Trade Platform (PDCC, for its acronym in Spanish) is an
ambitious subregional initiative that seeks such integration of ETSWs with cus-
toms, migration, and sanitary and phytosanitary authorities across Costa Rica,
El Salvador, Guatemala, Honduras, Nicaragua, and Panama.*

Under this system, exporters submit the information required for customs clear-
ance only to the origin country’s customs authority. For goods subject to restrictions,
ETSWs electronically transmit certificate and permit information through the PDCC,
thereby removing the need to resubmit it at the destination country’s customs office.

Looking ahead, Al can significantly change the design and operation of these
digital public systems. Border agencies have already started to use machine-
learning models to increase the effectiveness of their risk management systems.
These models can help identify more accurately shipments that are more likely
to be noncompliant, thereby helping reduce the share of trade flows that need to
be subject to delay-creating border inspections (WCO 2025). Moreover, Al agents
could identify required certifications, extract data from commercial invoices to
draft declarations, check data consistency, and submit documents with minimal
human intervention. In this context, mature ETSWs and digital border systems in
general should evolve from submission portals to trusted, Al-enabled orchestration

3 In practice, ETSW interoperability should be built in from the onset; allowing for it ex post

is expensive, particularly with proprietary systems.
4 The IDB provides technical support and manages the funding for the PDCC.
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platforms supporting Al agents across public and private ecosystems. For coun-
tries whose systems are at earlier stages, it would be crucial to avoid digitalizing
procedures through rigid platforms and favor modular interoperable digital trade
infrastructure (Duval, Haider, and Pamulapat 2026).

Electronic Investment Single Windows

Investing firms also confront cumbersome, time-consuming procedures to estab-
lish themselves and operate in a country. They face various entry and registration
hurdles, such as the need to register multiple times, fill out redundant paperwork,
and obtain sector-specific licenses, which can take months or years to process
without clear timelines. They are also confronted with operational and post-
establishment barriers, such as difficulties in obtaining construction permits.
Like their trade counterparts, investment facilitation policies can streamline
investment-related procedures to reduce completion times and costs. Digitalizing
these procedures can further lower completion costs; it thus favors investment
by firms and the expansion of economic activity, particularly when EISWs are
instituted. These digital platforms enable government databases to talk to each
other and provide investing firms with a single entry point to fulfill local regulatory
requirements (registration, licenses, payments) for establishment and reinvest-
ment. They also allow firms to track their applications’ status in real time, which
increases accountability and thus further expedites completion. The use of EISWs
has gained momentum in Latin America and the Caribbean since 2010 (Figure 14.7).

Figure 14.7. Single Windows for Investment: Implementation across the Region

A. 2010 B. 2024
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Source: DB staff elaboration, based on internal data.
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The process of designing and introducing EISWs is even more complex
than that for ETSWs, as it involves more public entities and jurisdictional layers
(national, state/provincial, municipal). Hence, EISWs are implemented stepwise
across these entities and levels (Figure 14.8, Panels A and B).

Estimates based on its gradual implementation in Costa Rica reveal that the
EISW has been associated with higher economic activity in the municipalities
in question, primarily along the firm extensive margin—that is, it has resulted
in more firms operating in these municipalities, when cross-municipality differ-
ences in activity levels previously did not exist. This effect has been concen-
trated primarily in relatively small firms, where the EISW-enabled reduction in
the burden of investment administrative procedures has made a larger differ-
ence (Figure 14.9).

Figure 14.8. Costa Rica’s Electronic Investment Single Window
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Figure 14.9. The Impact of Costa Rica’s Electronic Investment Single Window
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Source: IDB staff calculations, based on Scattolo and Volpe Martincus (forthcoming), who use data from
PROCOMER and the Register of Economic Variables (REVEC).

Note: The figure shows the estimated effects of the electronic investment single window on the number
of firms operating in a municipality, both overall and by firm size, along with 95 percent confidence
intervals (Cl).

When Digitalization Works

While the evidence clearly indicates digitalizing relevant procedures effectively
facilitates trade and investment, digitalization is not a panacea. Beyond the
need for infrastructure and connectivity, several conditions must be met for
digitalization to produce the expected results. First, a careful redesign of
procedures is essential if adoption of digital technology is to yield trade gains, as
the experience of Costa Rica clearly exemplifies (Volpe Martincus 2016). Poorly
designed procedures that make compliance with trade regulations cumbersome
will not become mechanically efficient once digital technology is introduced.®
The proper establishment of an electronic single window involves a structured,
comprehensive analysis of business processes to map, document, and evaluate
all existing procedures and identify redundancies and unnecessary steps and
requirements. Based on this analysis, data are harmonized, documents simplified,
and processes optimized to eliminate those inefficiencies (UNESCAP 2012).

° Even worse, digitalization of redundant procedures can entrench them. Once embedded

in software, with agency workflows configured around them and staff trained to operate
within them, they become significantly harder to eliminate than in paper form (UNCTAD
2023).
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Second, successfully implementing a single window requires an effective
institutional incentive mechanism to avoid underinvestment and secure agencies’
engagement. This mechanism must help overcome the typical initial fragmenta-
tion and even technological incompatibility of agencies’ information technology
(IT) systems, which impede interoperability and prevent network effects from
being captured. The rationale is clear: The social gains from a fully integrated,
single-submission system are large but generally distributed across many firms
and the economy as a whole, whereas each individual agency bears concen-
trated private costs. The private costs include those that need to be incurred to
integrate the agency’s IT system into the ETSW and those associated with the
internal adjustments to adopt it effectively.

Third, change management and training are required to ensure the system
works as expected. Technology deployment does not equate to actual adop-
tion and use, even if the coordination problem is resolved. Middle managers, for
instance, should be involved in process redesign workshops so they can co-own
the new procedures. Similarly, it is important to provide the frontline civil servants
who face significant change in their work modalities with the new skills they need
to operate under the new system.

Finally, cybersecurity must be properly addressed. Commercial data submit-
ted through a single window are sensitive, and a breach of the system compro-
mises several datasets at once.

Digital Technology and Trade: Online Business Platforms

Information is incomplete in international markets. Firms must learn about prevail-
ing conditions in foreign markets and, crucially, find and assess potential busi-
ness partners (Rangan and Lawrence 1999). Evidence suggests that search costs
are large; they amount to more than US$50,000 for nonexporting firms wishing
to ensure one potential client per year (Eaton et al. 2025), and they account for
more than 90 percent of the empirical gravity relationship between trade flows
and shipping distance (Allen 2014).

Digital technology is rapidly transforming how firms interact and trade (Chen
and Volpe Martincus 2022). Trade interactions between firms, and between
firms and customers, increasingly take place via online platforms (WTO 2018),
which can increase firms' visibility to potential buyers, reduce search and match-
ing costs and thus information frictions, and help firms establish reputation and
reveal quality (Chen and Wu 2021).

ConnectAmericas, an important online business platform launched by the
IDB in 2014, aims to reduce information-related trade barriers in Latin America
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and the Caribbean and thus support firms’ internationalization.® Unlike some
similar platforms, ConnectAmericas is purely informational, providing neither
payment nor logistical solutions. It offers capacity-building services related to
general trade information (for example, webinars and training materials), pro-
vides specific commercial information, and allows firms to search for profiles
of potential partners and interact with their staff.

Estimates using data on firms' participation and activities in ConnectAmericas
and firms’ exports from customs agencies reveal that the platform helps reduce
search costs by making firms more visible to potential buyers, thus favoring their
goods exports along both the intensive and extensive margins. On the former,
evidence from Peru reveals that, on average, export values increase 17 percent
when a firm joins the platform. This increase in export values is particularly pro-
nounced for products, destinations, and firms subject to more severe information
frictions (Carballo et al. 2022).

Moreover, the platform has helped firms increase their goods exports along
the destination extensive margin—that is, it has helped them enter new foreign
markets (Figure 14.10). ConnectAmericas increased the probability of a firm’s
selling to a destination by 0.4 percentage points. The positive impact is sub-
stantially stronger for those destinations whose firms have visited other firms’
ConnectAmericas profiles than for those without such visits—a difference of
about 20 percentage points. This indicates that such effects are associated with
an increased visibility to potential buyers (Carballo, Chen, et al., forthcoming).

While online platforms reduce them by exposing exporters to potential buy-
ers worldwide, important search and matching frictions remain. Firms and con-
sumers consider a very small subset of all available products. Moreover, a large
and rising number of firms can result in market congestion. In online markets, the
entry of additional sellers imposes a negative externality on incumbents by inten-
sifying competition for buyers’ attention. This can, in turn, lead to potential misal-
location, as highly productive firms become less able to effectively signal quality
and accordingly capture a suboptimally low market share.” This dynamic has
important policy implications: In congested online markets, blanket onboarding
initiatives mechanically expand supply without internalizing the negative exter-
nality imposed on other firms from the same country that are already operating
on the platform, thus exacerbating the problem (Bai et al. 2025).8

Development of ConnectAmericas was supported by Google, DHL, SealLand, MasterCard,
and Facebook.

This result is less likely to be an issue where there are nascent platforms, thin markets, or
new product or country niches.

Digital platforms can give rise to additional policy challenges. Network effects, for instance,
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Figure 14.10. Impact of Digital Platform on Colombian Firms’ Entry into New
Foreign Markets
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Source: Carballo, Chen, et al. (forthcoming), based on data from ConnectAmericas, DIAN (National
Directorate of Taxes and Customs), Confecamaras, PROCOLOMBIA, and Supersociedades.

Note: The figure shows the estimated effects of participation in the ConnectAmericas platform on firms’
probability of entering a destination, both overall and depending on whether their profiles were visited by
buyers from that destination, along with 95 percent confidence intervals (Cl).

Adequate institutional arrangements and fine-tuned policies for the digital
environment are called for. These include platform intelligence activities, such
as identifying and disseminating viable product-destination combinations within
platforms, which can help internalize the information externality associated
with the discovery of business opportunities, and targeting capacity-building
support to firms selected through proactive screening based on production
capacity and product quality, which can generate positive information spillovers
in noncongested market niches.

Other appropriate policies might also encompass Al-facilitated firm-to-firm
matchmaking services, which would allow covering more potential business
partners, considering larger sets of data on them, and using these data more
systematically and consistently. Initial evidence suggests that generative Al is
effective in reducing information frictions and yields trade gains on top of those
associated with platform participation; among firms actually recommended to
potential buyers by ConnectAmericas’ Al-based matchmaking tool, exports are
roughly 45 percent higher than for similar firms that could have been, but were
not, recommended (Chen and Volpe Martincus, forthcoming).

can create strong incumbency advantages. It is, hence, crucial to ensure platform markets
remain contestable through competition policy and properly calibrated regulation.
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How Al Can Make Investment Promotion Policy More Effective

Countries around the world have established investment promotion agencies
(IPAs), which provide firms with services that reduce the costs of doing busi-
ness arising from information frictions. Al can make these services more effec-
tive, particularly when complementary conditions, such as leadership and change
management, staff training, and high-quality data, are in place.

Information Frictions and Investment Promotion

Firms seeking to invest abroad must solve a multidimensional information prob-
lem. They need to know the general and sector-specific regulations to be com-
plied with and the costs and conditions of establishing themselves and operating
in the destination country.

Such information can be highly incomplete and very costly to gather. As a
result, foreign firms looking for locations may consider a small range of alternatives
and disregard several potentially convenient ones; see, for example, Loewendahl
(2018). This narrow focus can be particularly detrimental for less popular mar-
kets, such as developing economies in Latin America and the Caribbean.

Both within and outside the region, countries have established IPAs to
address these information barriers and place their territories on foreign inves-
tors’ maps (Volpe Martincus and Sztajerowska 2019; Volpe Martincus 2021). The
question is which firms IPAs should proactively target and approach, a prob-
lem as multidimensional as that faced by firms pursuing investment opportuni-
ties overseas. According to standard databases, there are more than 400,000
active multinational firms worldwide—that is, firms with at least one affiliate in
a foreign country.

The Standard Approach to Investment Promotion Targeting

IPAs typically follow a couple of steps to reduce the dimensionality of the prob-
lem. First, they develop country and sector prioritization strategies, mainly based
on inputs from internal experts and consultations with international investors and
experts (Volpe Martincus and Sztajerowska 2019). Existing macro evidence indi-
cates that this approach is associated with positive significant effects on FDI
inflows; see, for example, Harding and Javorcik (2011). Second, they select spe-
cific firms for targeting, relying primarily on the expertise of the officials respon-
sible for the respective sectors or countries and on basic data use.

To assess performance in this dimension, IPAs typically use the assistance-
establishment conversion rate—that is, the share of assisted firms that set up an
affiliate in the country. In Latin America and the Caribbean, almost 10 percent of IPA-
supported multinational firms, on average, establish a first affiliate in a given country.
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More formal microeconometric evidence has been produced using firm-level
data on investment promotion support and multinational firms’ location decisions
for 12 Latin American countries (Volpe Martincus 2021); see Carballo et al. (2025).
It suggests that the policies described above have been effective in the region:
IPA support has been associated with an 8-percentage-point increase in the
probability that a multinational will establish its first foreign affiliate there.

The standard investment promotion approach is largely manual, however,
and thus has clear shortcomings. Sector prioritization, country prioritization, and
the selection of firms for targeting are all limited in scope by scale and com-
plexity and are not evidence based. More specifically, IPAs make suboptimal use
of the wealth of microdata on multinational firms available to them; see Volpe
Martincus (2021). Specialists can examine very few firms along very few dimen-
sions, and rarely do so consistently with one another or over time. Furthermore,
while specialists’ expertise is an invaluable asset to IPAs, it is often lost when
officials switch positions or leave the organization, thereby eroding institutional
memory and learning.

Machine Learning for Investment Promotion Targeting

Targeting can be optimized and made more evidence based by exploiting all
available data through advanced algorithms. This approach requires framing tar-
geting as a prediction problem, using theory and empirical evidence to single
out relevant determinants of firms’ location decisions, leveraging comprehensive
firm-level databases, and applying machine-learning (ML) models to identify the
firms most likely to establish affiliates.

This digital technology-based investment promotion approach has been
implemented with different specific methods using Uruguayan data. The results
indicate that the approach could significantly increase the effectiveness of these
policies. Whereas IPA assistance reaches on average only 10 percent of the multi-
national firms established in the region, the model's top 200 firms, ranked by their
probability of opening an affiliate in Uruguay, include about half of those that did
so. When the list is expanded to the top 500-1,000 firms, it includes 75 percent of
the multinationals that began operating in the country (Figure 14.11).

Machine-Learning Tools for Better-Informed Policy Decisions

Digital technologies in general and Al in particular are not automatic, standalone
solutions to the challenge of designing and implementing effective investment
promotion policies. Several complementary factors must be in place for these
technologies to work. First, accurate predictions require detailed, high-quality
firm-level data as critical algorithm inputs, and potential biases should be
assessed and minimized. Training data that reflect historical FDI patterns can



FACILITATING AND PROMOTING TRADE AND INVESTMENT THROUGH DIGITAL TECHNOLOGIES

Figure 14.11. Model Performance for Investment Promotion: Capturing Actual
Establishments
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Source: Carballo and Volpe Martincus (forthcoming).

Note: The figure shows the predicted probability of affiliate entry, in percent, by machine-learning model
and estimation period. Within each model-period combination, bars show predictions using firm lists of 200,
500, and 1,000 firms, respectively.

encode biases toward established firms, sectors, and home countries, so that
ML reinforces existing investment patterns rather than uncovering new ones.
This tendency can be at least partially countered using forward-looking data on
FDI signals.

Leadership and change management are also necessary conditions for
effective and productive adoption of digital technologies by IPAs. The success
of digital initiatives demands support from upper management, active engage-
ment of operational teams, and general openness to using digital technologies.
For this openness to materialize, and hence for technology to be effectively
adopted and used, IPA officials must be given appropriate incentives and train-
ing.® The value of this approach is likely highest at the long-to-short-list stage,
where ML can help officials efficiently scan large pools of firms and prioritize
those meriting human engagement, rather than in fully automating outreach
end-to-end.

9 IPAs lacking the technical capacity to develop, maintain, and critically evaluate these sys-

tems can still implement them with technical assistance from international organizations
and academia.
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Policy Recommendations

The evidence in this chapter indicates that digital technologies in general, and
Al in particular, can reduce trade costs across their various sources, thereby
expanding trade and FDI and, in turn, fostering productivity and economic
growth. Ensuring the gains associated with these channels materialize requires
the presence of complementary factors, including enabling conditions (such
as regulations and competition policies, to ensure the contestability of online
markets), along with the following set of specific, mutually reinforcing policy
actions.

Build complete, up-to-date firm registers. Trade and investment agencies
should effectively use their respective data to make evidence-based, accurate,
unbiased administrative decisions (for example, whether to issue a permit, or
whether a shipment should be physically inspected) and predictions (for exam-
ple, identifying the firms most likely to benefit from, and therefore to be targeted
by, trade or investment promotion support). This requires interconnection, or at
least interoperability, of the existing administrative databases held by tax author-
ities, customs and other border agencies, central banks, social security institu-
tions, national statistical offices, and public entities that support firms, as well as
access to those databases. It also involves creating new databases to fill impor-
tant gaps, such as the need for detailed firm-level information on foreign invest-
ment and services exports and imports. All of this, in turn, demands appropriate
data governance to design and oversee homogenization, quality assurance, and
updating mechanisms; to set eligibility criteria and conditions of use; to uphold
privacy protection; and to ensure cybersecurity.

Develop comprehensive, Al-ready digital trade and investment systems.
Digital systems should be integrated or interoperable within countries and,
where feasible, across them, and they should cover the full transaction chain.
This way, they can give firms a single point of entry and reduce regulatory
compliance and operating costs. This implies extending the scope beyond
ETSWs and EISWs, which streamline trade and investment administrative
procedures, to systems such as Port Community Systems, which support
interactions between trading firms and multiple actors responsible for moving
shipments to, within, and across border facilities, such as ports and airports.
In addition, the systems should be designed, or upgraded, to accommodate
Al, as it can automate both firms’ completion of these steps and the decisions
made by agencies and providers. Several conditions must be met for these
systems to make a difference in practice. Actual adoption and use depend
on process reengineering, workable interagency collaboration arrangements,
well-conceived change management, effective intra-agency incentive
structures, and targeted training.
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Use Al to increase the effectiveness of administrative trade and
investment decisions and of proactive promotion interventions. Provided the
conditions above are met, trade and investment agencies should assess and
progressively adopt Al models to make better-informed decisions on permit and
certification approvals, which shipments to inspect physically, and which firms
to prioritize for trade and investment promotion support. Al-based firm targeting
is not limited to traditional offline promotion. It can also be combined with online
business platforms, which could be used more intensively and whose reach
Al can broaden. It is important to regularly assess the effectiveness of these
targeting approaches, and of the specific models on which they rely, so they
can be optimized dynamically. Randomized controlled trials are generally well
suited to this purpose. Al-driven targeting lends itself naturally to randomization,
as capacity constraints imply the shipments that can be inspected and the firms
that can be assisted are only a subset of a larger pool sharing the same ex ante
probability of, respectively, noncompliance or of benefiting from support.
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